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ART ONE - BIOLOGICAL EFFECTS 

oncern over radio frequency hazards has been with us for 
hree decades. The use of microwave systems is becoming 
ore widespread as more applications for its unique prop
rties are found. This guide has been prepared to famil~ 

·arize Auburn University experimenters and students with 
he biological effects and safe use of microwave power. 

e earliest, contemporary, human studies were conducted 
n radar operators during World War II; but, did not de
ect any apparent physiological changes. In the light of' 
he low power capabilities of .the early radar systems it 

is not particularly surprising that these early studies 
did not result in any positive findings. It was not, for 
example, until the early 50's that some cataracts (in hu
mans) were definitely linked with the unrestricted opera
tion of microwave equipment. Later, in the mid-50's, the 
first microwave death was reported. Dr. McLaughlin's 
report has had a varied reception, it has been refuted, 
dismissed casually, accepted at face-value; while, he 
continues to hold that virtually unrestricted·radar ex
posure was the causative agent in the worker's death. 

Running counterpoint to the scarcity of positive human 
findings there has been an abundance of animal studies 
showing definite effects. Some of the animal effects 
observed have been: formation of lenticular opacities; 
cerebral edema and hemorrhage; blood changes; chromo
somal changes; and, nerve stimulation. Prior to dis
cussing the· physiological effects of microwave radiation 
in particular, it is important that we establish a per
spective from which to view microwave interactions with 
matter in general. 

NATURE AND MODES OF INTERACTION 

I Microwave radiation is an electromagnetic radiation and 
1 as such has both a magnetic and an electrical field. 
It occupies (arbitrarily) the position in the electro
magnetic spectrum between 300 MHz and 300,000 MHz, this 
corresponds to wavelengths of one meter to one millimeter, 
and an energy per photon of 10-5 to 10-3 electron volts. 
(See Figure 1.) The most energetic microwave photon 
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snot have enough energy to rupture a molecular 
d--hence, the term non-ionizing radiation. But, we 

ow that heating does occur as well as the rupturing 
molecules. · 

the electrical and magnetic fields, associated with 
ectromagnetic radiation, penetrate a system, charges 
thin that system attempt to migrate.or align them
lves with the electric field. At electric power 
equencies, and even on up to the lower radio fre
encies, little resistance is encountered by the mole-. 
les or their distributed charges in their alignment 
th the changing electric field. Therefore, little 
rk is done by the field and very little energy is 
tracted by the molecules of the system from the field. 
th increasing frequency there will be. increasing 
sistance to molecular rotation and charge re-distri
tion. This resistance will increase to a critical 
lue for a given system; at this _fr~quency the maximum 
upling with the field occurs and maximum energy is 
tracted by the molecules from the field. Under these 

onditions steric hindrance (i.e., hindrances related 
o molecular "shape") to molecular rotation may be over
ome with the result that molecular bonds will be broken 
r charge distribution permanently altered, and is 
robably .the principal cause of microwave-induced chro-

somal aberrations. As the frequency continues to . 
ncrease the reluctance for motion outweighs the ten
ency to follow the changing field. . A point is reached 
t which the molecules cannot follow the field, the 
ield causes no-molecular motion, and little energy is 
oupled out of the beam by the molecules. 

s we leave the .microwave portion of the spectrum enter
ng the infrared and on through the ultraviolet the 
ystem components with which the radiation interacts · 
ecome smaller and smaller. Fewer molecular interactions 
re observed, and more and more interactions occur between 
he field and the tightly bound innermost electrons of 
he individual atoms. In order for an ultraviolet photon 

to release an electron from an atom it must be capable: 
of raising the energy level of the electron about 30 elec
tron vol ts. However, molecular bonds may be broken by 
I the deposition of about 6 electron volts of energy. 
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The categorical term ionizing radiation is applied to 
radiation which can release electrons from a system. 
The ultraviolet blends imperceptibly into the portion o 
the spectrum occupied by X-radiation. 

No discussion of microwave hazards would be complete wi 
out mentioning the X-ray hazards associated.with high 
voltage electron tubes. This may represent a significa 
portion of the total health hazard picture. For exampl 
a high-level X-ray field of 300 R/hr was found in the 
vicinity of a pulsed klystron (duty cycle of 0.0015) wh 
the RF power density at that same location was less tha 
300 mW/cm2 • A radiation worker remaining in this field 
for 0.6 minutes would receive his maximum allowable 
quarterly exposure to ionizing radiation. The energy o 
the X-ray produced (and therefore its penetrating cap
ability) rises sharply with increasing anode voltage. 
Those involved in the manufacture of microwave generati 
equipment are aware of the potential X-ray hazard and 
generally the X-ray shielding provided is adequate. 
Great care must be taken to insure all shielding is pro 
erly replaced after each maintenance operation. The 
equipment should not be energized until the shielding h 
been replaced. 

HUMAN PHYSIOLOGICAL RESPONSE AND INFLUENCING FACTORS 

We have not yet determined the exact mode of interactio 
of microwaves at the cellular level. However, on the 
molecular level, within the biological tissues, we can 
make certain definite statements regarding general facto 
which influence the amount of energy extracted from the 
field. 

• Energy is most completely coupled to a human 
physiological system between 1000 MHz and 3000 
MHz. At these frequencies 20 to 100 percent 
of the incident energy will be absorbed. 

• Frequencies well above 3000 MHz are absorbed 
primarily by the skin. Those frequencies betwee 
about 300 MHz and 1000 MHz will penetrate the 
skin and fat layers to the deep organs where up 
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to 50 percent of the energy is absorbed. 

• Periods of exposure, to result in an acute 
effect, must be of sufficient duration to permit 
the absorption of a certain minimal amount of 
energy. Energy required will depend on organ 
and indication to be observed. A cumulative 
effect of multiple marginal or sub-marginal 
exposures has also been predicted or noted by 
many observ.ers. 

• Cooling air currents, low environmental tempera
tures, and lack of fever will all tend to minimize 
the effect of whole body exposure. 

• The spatial relationship of the person to the RF 
field will have an effect on his physiological 
response to the exposure. An individual may 
place himself in a "hot spot" due to the for
mation of standing waves within the room he 
occupies. Certain organs may be in highly local
ized hot spots due to internal reflections, e.g • 

. from fascia. 

• The effect upon any individual of a particular 
RF field is a highly specific matter; we can, at 
bes.t, predict only the gross effects of group 

·exposures. Just as the sensitivities, to micro
wave radiation, of organs may vary with water 

· .. content, blood sui:>ply., dielectric constant, and 
the amount of shielding ,p.rovided by neighboring 
organs; the overall sensitivity "Of 0 a given .in
.dividual will depend on his 'build_, fat to lean 
·tatio, water content of fat, body temperature, 
medical history., and general heat.th. 

fs hardly an organ or organ system that has not 
eceived some attention, as an indicator of microwave 
xposure; but, the bulk of microwave bio-effects research 
onducted in the U.S. has concentrated on the eye and in 
articular its lens. 

Cataracts have been observed in many microwave workers 
,since Hirsch's original observation. By May 1965, two 
I 
I 

- 5 -



individuals at the Air Force Eastern Test Range had bee 
reported to have developed damage to the capsule of the 
lens after having been exposed to a field known to be 
greater than 100 mW/cm2 ; and, four technicians exhibite 
eye damage after having been exposed to RF power densit 
in excess of 20 mW/cm2 • (For anatomy of human eye See 
Figure 2.) As of Spring 1970, Zaret had reported 43 ca 
of microwave-induced lenticular damage. Research conti 
ues on cataractogenesis. Attempts are being made to 
settle the question of peak power versus average power 
in the case of pulsed systems. Recent work supports th 
original view that average power and not peak power is 
the significant parameter. Some older work suggests 
there is an upper limit of pulse repetition frequency a 
which average power is the dominant parameter and from 
that value on up the biologically effective power level 
approaches the peak power value. Carpenter has been abl 
to relate RF power density to exposure time and recur
rences of exposure necessary to produce lenticular opac
ities. His tabulated data is shown on page 8. 

Testicular damage has been an area of almost as much 
controversy as the question of radar deaths with all 
their intrigue. There is ample evidence to support the \ position that testicular damage does indeed take place; 
but, there seems to be a polarization of views beyond 
that, with most operations-oriented observers feeling 
that any sterility is of a temporary nature while those 
health-oriented tend to be more cautious. 

Central nervous system effects have been observed but 
have not yet been made the target of a full-scale U.S. 
research effort. Many U.S. microwave workers and 
diathermy patients have reported: headaches, nausea, 
and ringing in the ears. Soviet scientists extend this 
list for low-level chronic exposure to include: loss 
of memory, insomnia, dizziness, irritability, and loss 
of appetite. 

Based upon his observation and accumulation of 115 case 
histories of chronic and, apparently, at times excessive 
microwave exposure, McLaughlin has compiled this list of 
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HORIZON.TAL SECTION THROUGH HUMAN EYE (RIGHT VIEWED FROM · ABOVE). 

Figure 2-Human Eye 



Table 1 

Cumulative Effect of Repeated Exposure to 
Subthreshold Doses of 2450 MHz Radiation 

Single I Sub threshold Observed 
Power Dose ( Exposures Number Effects 

Density Thresh-I . Ocular of 
mW/cm2 old !Duration Temp.* Exposures Opacity None 

i 
·. i 

I 

48.5°. 41 280 5 min.i 4 min. 4 4 
47 3 2 
27 2 0 
314 3 5 

I 

280 I 3 min. 47,2° 51 7 0 5 min.I. 
41 1 1 
31 1 3 
21 2 0 
34 5 0 
57 0 5 

120 35 min. 25 min. 44.0° 51 5 0 

120. 35. min. 30 min. 44,0° 32 4 0 

80 60 min. 43.3° 151 3 0 
101 2 0 

l1 0 5 

40 60 min. 151 0 2 

* Temperature in degrees Celsius recorded in the vit-
reous body behind the posterior pole of the lens 
innnediately at the termination of the exposure. 

1 One-day intervals 
2 Two-day intervals 
4 Four-day intervals 
7 Seven-day intervals 

14 Fourteen-day intervals 
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2. They set up a stress reaction and by interfer
ence with protein metabolism weaken the walls 
of the blood vessels. 

3. They have an antifibroblastic effect, thus pre
venting healing of direct and indirect damage 
to vessel walls. 

4. They destroy platelets . 

. 5. They cause inflammation which increases the 
amount of fibrin and therefore interferes with 
clot reaction. 

6. Fibrinolysis is an undesirable effect of the 
stress effect of microwaves." 

oviet researchers have also noted changes in the blood
icture as well as: cardiovascular disorders; dennograph
sm; loss of appetite; and, changes in cardiac, hepatic,. 
nd gastrointestinal function. 

ittle work has been done in the field of human genetics 
s influenced by microwave exposure. However, there is 
vidence which suggests an increased incidence of Mon
olism in the children whose fathers had previously been 
xposed to radar. Mongolism is known to be due to the 
nheritance of an additional chromosome (4F21). (For 
uman chromosomal complement see Figure 3.) Generally, 
he additional chromosome is inherited froin the mother. 

cases of Mongolism cannot be distinguished based 
parent f.rom whom the.extra chromosome was in-

e ultimate and irreversible physiological response to 
icrowaves is~- McLaughlin has reported one case 

·n which he detennined that microwave radiation was the 
ausative agent, and a case history in which it could 
ery well have been a predisposing factor. For all the 
ontroversy there exists about death due to microwave 
adiation, the fact is that experts disagree on just 
ne point--whether or not it has already happened. 
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Animal research has been of only qualitative assistance 
in assessing microwave hazards for humans because there 
is such a quantitative difference between human response 
and that of lower animals. The lack of human "biolog
ical simulants" and human exposure histories (although, 
Hoeft has made a fine attempt at relating the exposure of 
lower animals to man, see Figure 4) is the principal 
reason so little has been done in establishing limiting 
values for personnel exposure !.lli!. enforcing them. 
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Figure 4-Relative Specific Sensitivities to Microwave Radiation 

ART TWO - SAFETY CONSIDERATIONS 

XPOSURE CRITERIA 

s we have seen, based strictly upon gross body-heating 
criteria, the human body can probably adjust with no ill 
effects to RF or microwave energy incident upon it at the 
rate of lOmilliwatts per square centimeter (10 uM/cm2

). 

For short durations ( <6 minutes per hour), once again 
based solely on body-heating considerations, it is gener
ally felt that fields of incident RF power up to 100 mW/ 
cm2 can be accepted by the body with no ill effect. -Bas
ically then we 1 re considering an insult to the body which 
in general does not seem to be cumulative, and whose im
mediate effect seems to be related to the average power~ 
density. While in general this is consi.dered to be true, 
many environmental health specialists are now of the opin
ion that as peak power increases, peak power rather than 
average power becomes the dominant consideration. Man is 
considered more resistant to RF injury than the lower an
imals because of his much more efficient temperature con
trol system. Accordingly, some have proposed a sliding 
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standard for occupational exposures; so that as the tem
perature regulating mechanisms become taxed by thermal 
stresses the allowable exposure value would be reduced. 
w. w. Mumford of Bell Laboratories has proposed (this is 
a simplification) that the allowable exposure through 
79 °F b-e kept at 10 mW/cm2

; but,_ the allowable exposure 
would drop 1 mW/cm2 for each increase of 1 °F in environ
mental temperature above that point, from 89°F on up the 
allowa'6le microwave exposure would oe held at 1 mW/cm2 , 

RF WARNING SYMBOL 

In recognition of the need for a standard warning symbol, 
to advise the worker of a potential RF hazard, the Ameri
can National Standards Institute (ANSI then USASI) adop
ted the symbol shown as Figure 5 in 1966. There is at 
least one variation on the ANSI symbol which may be seen 
on occasion; the red upper triangle contains the stylized 
silhouette of a radar transmitter. The warning symbol as 
adopted by ANSI was intended to contain specific instruc
tions in the black lower triangle. The ANSI RF symbol 
has been adapted by AU to its standard three-pocket sign 
format; although, for some small relatively straightfor
ward applications the simple label with its specific in
structions in the lower triangle is used. The symbol and 
the appropriate warning legend should be displayed when
ever it is possible to receive or exceed an exposure of 
10 mW/cm2 • 

GENERAL CONSIDERATIONS 

As __ you read through this list of general safety consider
ations you will see that good practices are relatively 
constant regardless of the type of radiation. 

• Exclusion of unauthorized personnel should be 
achieved whether through administrative proced
ures, i.e., signs, labels, or flashing lights; or 
by providing means of physical security (inter-
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~~~~ 
RADIO-FUQUENCY RADIATION HAZARD: 

Rf' RADIATION HAZARD WARNING SYMBOL 

Color scheme: 
Upper triangle - red background 
Lower triangle - black background, may 

include additional warning information 
Letters and borders - aluminum 

From USASI Standard C95.2-1966 

FigureS-RF Radiation Hazard Waming Symbol 

locking or padlocks). 

• Operating personnel should receive the minimum 
possible exposure to the direct or reflected beam 
or leaky waveguide connections. Your Office of 
Radiological Safety can assist in evaluating these 
sources of exposure. 
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• Routine operations should be analyzed for the co 
sequences of unsafe or careless acts. Written 
safety guidelines should be developed and posted 
in the work area which will minimize these conse 
quences. Your Office of Radiological Safety can 
assist in this evaluation of hazards and the de
velopment of appropriate safety guidelines. 

SPECIAL CONSIDERATIONS 

MICROWAVE TRANSMITTERS 

While all sources of microwave energy or power being rad 
ated into the environment may be considered transmitters 
in this section we will be referring to equipment specif 
ically designed for the generation and propagation of mi 
crowave energy. 

• Operators should not look directly into the beam 
of a microwave transmitter. The interior of 
waveguides and generation equipment should be. in 
spected remotely, when necessary, through a tele 
scope or periscope--but only after the operator' 
position has been monitored for power level. 

• During operational testing or maintenance the RF 
output should be dumped into a dunnny load. If n 
dununy load is available the beam should be so di 
rected as not to cause any humans or animals in 
the area to be exposed at a power level greater 
than 10 mW/cm2 • An outdoors antenna directed to 
zenith normally represents the minimum risk to 
personnel. 

• Waveguides are frequently filled with an inert i 
sulating gas, such as sulfur hexafluoride, which 
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may break down into toxic substances (e.g., HF or 
F

2
) when arcing occurs in the waveguide. Caution 

must be exercised when such a waveguide system is 
initially opened after a period of extended opera
tion. 

• Microwave equipment can cause ignition of flamma
ble materials by the inductive heating of steel 
and other metals, or metal wools. Sparks produced 
across a .small gap between metal elements can 
cause ignition when the appropriate fuel-air mix
ture is present. Petroleum byproduct dispensing 
stations (e.g., gasoline, naphtha, kerosene, etc:) 
should not be within the beam of transmitters ca
pable of generating fields of 5 mW/cm2 at the 
station. The primary hazard being the generation 
of a spark between the dispensing nozzle and the 
receptacle. 

ectricall O erated Devices. Microwave energy can be 
ctified by junctions of dissimilar metals and induced 
rrents can interfere with or cause premature operation 
electrically operated devices. Since electric blast

g caps have the most catastrophic potential as a result 
f such premature operation this section will address it
elf to them in particular; the reader can extend this 
nformation into other areas which may be of more imme
iate concern to him. 

ere is significant disagreement among investigators as 
o what constitutes a potentially hazardous field to this 
ype of equipment. Some feel fields as low as 50 wJ/cm2 

re potentially hazardous while others feel power den
ities as great as 30 rrM/cm2 are necessary for initiation. 
ne can probably consider himself in a safe field if he is 
t least 100 feet from hand-held mobile transmitters and 
000 feet from larger units. Your Office of Radiological 
afety can assist you in evaluating the field of directional 
ntennas and the effect of equipment/wiring configuration. 
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I MICROWAVE OVENS 

One of the current applications of the peculiar prop
erties of microwave radiation is in the final cooking 
or heating of food. Naturally the question is fre
quently asked, "Has anyone been hurt using a microwave 
oven?" Unverified adverse effects from exposure to 
radiation from microwave ovens have been reported. It 
should be emphasized, however, that these reports have 
!!£t been verified. Reported effects ranged from "ting
ling of skin" when a food manager tried to clean an. 
oven while it was turned on to a skin burn when a 
restaurant worker held a sandwich in her hand inside 
ari operating oven. Interference with certain heart 
pacemakers also has been associated with proximity to 
an operating microwave oven, as it has with other kinds 
of electronic or electrical equipment. 

Microwave Oven Leakage. Microwave ovens have been 
found leaking RF energy well in excess of accepted limits 
Surveys have shown that maladjustment of oven door 
catches is frequently the cause of microwave leakage. 
Improper oven care, such as allowing grease to build 
up around a door seal, and inadequate servicing also 
have been identified as important causes of leakage. 

The Radiation Control for Health and Safety Act of 1968 
requires industry to take corrective action when an 
electronic product fails to comply with a performance 
standard or has a radiation defect which relates to its 
safe use. The act was passed by Congress to protect the 
public from exposure to radiation from electronic pro
ducts, including microwave ovens. As directed by the 
act, the Secretary of Health, Education, and Welfare 
has established an electronic product.radiation control 
program. The Bureau of Radiological Health has been 
given responsibility for development and day-to-day 
conduct of the program. 

The Bureau of Radiological Health, as a part of its pro
gram, has issued a radiation control standard for micro
wave ovens. The standard requires that ovens manufacture 
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ter October 6, 1971 shall not emit radiation above 
ecified levels and shall be equipped with at least two 
dependently operating safety interlocks to shut off 
diation as oven doors are opened. Every oven manu
ct.ured after October 6, 1971 must carry a label certi
ing compliance with the Federal standard. The Bureau 
nducts extensive programs to insure compliance with 
e microwave oven radiation standard, including tests 
determine oven effectiveness in minimizing microwave 

issions under all operating conditions. At the same 
·me, it carries out research programs to expand know-
dge of health effects .from microwave radiation and 

improve radiation protection technology. 

icrowave oven leaka e can only be determined with a 
operly-designed instrument. · Most microwave oven deal

rs will arrange to have an oven tested for leakage upon 
equest. Until commercial service organizations have 
een set up to do this testing in the area, your Office 
f Radiological Safety will provide this service on a 
ime available basis. The Bureau has developed an easy
o-make and relatively low-cost meter to assure that 
epair shops may readily obtain instruments for checking 
icrowave ovens for radiation emissions. 

tis impossible to state that a particular microwave 
en produced prior to the standard is not emitting 

adiation unless it is tested. This is because a given 
ven might leak radiation above the Federal maximum, 
hereas another oven of the same make and model might 
ot emit a measurable level of microwaves. 

Tis for Microwave Oven Users published by the 
are reprinted here for your guidance. 

• Follow the manufacturer's instruction manual. 
for recommended operating procedures. 

• Examine the oven for evidence of shipping damage. 

• Never insert objects (for example, a wire) through 
the door grill or around the door seal. 
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• Never tamper with or inactivate the oven safety 
interlocks. 

• Never operate an empty oven. 

• Clean oven cavity, door, and seals frequently 
with water and mild detergent. Do not use scour 
ing pads, steel wool, or other abrasives. 

• Have oven serviced regularly by a qualified ser
viceman and inspected for signs of wear, damage, 
or tampering. 

Additionally, users of ovens manufactured prior to the 
standard should follow these precautions: 

• Switch the oven off before opening the door. 

• Stay at least an arm's length away from the fron 
of an oven while it is on. 

OTHER RADIO FREQUENCY HEATING 

RF heaters commonly used in laboratories for fast, high 
temperature heating operate below the microwave region, 
i.e., at lower frequencies, typically between 150 and 50 
kHz. the biologic hazard from these frequencies is order 
of magnitude below that associated with microwave frequen 
cies. However, serious accidents do occur with this equip
ment, so we"'ve included some health and safety considera
tions for their use. Because there is a -need for heatin 
both electrically conductive and non;.conducting materials 
there are two methods used for coupling the RF energy to 
the work, 

Inductive. Induction heating is used when metal is to be 
heated. the metal is brought near an induction coi~usu
ally a few turns of copper tubing, electrically connected 
to a source of high frequency power. The metal is heated 
as it resists the flow of induced high frequency current. 
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enerally, the metal becomes hot on the outside and then s heated progressively toward the center. 

a acitive. Capacitive heaters are used for non-conduc
ing materials, e.g., rubber, wood, plastics, and leather. e load to be heated is placed between the plates of a 
apacitor which are connected to a source of RF power. In 

e rapidly varying electrical field the average motion, 
ermal energy, of the molecules is increased and melting r thermal degradation follows. 

h siolo ic Effects. The resistance of the body to the 
low of D.C. or A.C. (~60 Hz) is determined principally 
y the resistance of the skin at the point of contact. If he skin should be punctured or become blistered resistance s reduced to a few ohms and current through the body is 
ncreased by many fold. The initial resistance of the skin s inversely related to its degree of wetness. The resis
ance of the body to high frequency currents, because of 
he "skin" effect, is not as dependent on the resistivity f the skin at the point of contact or nearest approach. 
t frequencies of 200 kHz to 200 MHz currents tend to flow n a thin shell, skin, on the surface of the conductor. 

lthough, of the high power low frequency line voltage, .c. rectified current, and the high frequency (RF) power he RF power stage is the least dangerous to life--many 
ccidents have occurred when the operator came into con
act with the heating coil or plates. The instinctive 
esponse is to pull away from the point of contact--this 
esults in an arc producing a burn which is painful, disbling, and slow to heal. One recent case involving a 
2.5 kVA induction heater (powers up to 25 and 35 kVA are 
ommon) resulted in second- and third-degree burns re~ 
uiring eight weeks of recuperation. 

The areas contributing directly o increased hazard from RF heaters are: improper instalation; unsafe operating practices; and faulty maintenance ractices. Specific things to be aware of in each of the ategories are: 
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Improper installation 
Poor location for heater and power supply 
Poor grounding of low frequency power supply 
Inadequate/inoperative electrical protection 
Inadequate shielding of RF circuits 

Unsafe operating procedures 
Unauthorized personnel operating equipment 
Unauthorized control adjustments 
Inattention while operating equipment 
Reaching into heating area 
Failure to report defective/inoperative devices 

Faulty maintenance practices 
Poor preventive maintenance schedule 
Unauthorized repairmen 
Failure to lockout equipment before servicing 
Failure to discharge and ground capacitors 
Improper tools and tool-handling 
Failure to check over equipment after servicing 

and prior to operational use 

Safety Program. Safe use of RF heaters is certainly pos 
sible at the departmental level but there should be a pos 
itive, on-going program to ensure the above problem areas 
do not contribute to an unsafe work environment. Your 
Office of Radiological Safety is always available (X 487 
to assist the departments in the development/conduct of 
such a program. 

OTHER RELATED SAFETY ·CONSIDERATIONS 

Ionizing Radiation (Electron Tubes). Many electronic tub 
{especially cold cathode tubes) and devices contain small 
amounts of radioactivity (e.g., radium, nickel-63, cobalt 
-60, radon gas). The designations of some of these tubes 
are: OA2, OB2, 5651, KN-2, TG98, and 8152/TD-40. The ac
tivity contained in each tube is relatively small and un
less introduced into the body would not pose a healthhaz 
ard--but they should not be carried in your pockets. If 
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our lab or workshop stocks more than three or four indi
idual tubes of this type please call your Office of Rad~ 
logical Safety when it is necessary to dispose of any de
ective tubes and we will dispose of them for you. If the 
urnover rate for all tubes containing radioactive mater
al is two or less per year they may be disposed of--un
rciken--with the conventional waste. 

on1zin Radiation X-Ra RF generation and amplifica
ion carries with it the hazard of X-ray generation. · Al
ays use these systems and devices in accordance with the 
nufactlirer's operating instructions, of particular im'."' 

ortance is the requirement that you use all engineered 
hielding. 

n occasion rectifiers operated above 15 kV will develop 
·nto X-ray generators after about six months usage. If 
ou have any doubts regarding X-ray hazards around your 
quipment call your Office of Radiological Safety (X 4870) 
nd we will perform an X-ray hazard survey for you. 

ire Protection. Never use water on.energized electrical 
quipment; however, if all electricity can be shut off 
ou will find that water is very effective and results in 
significantly smaller cleanup problem than does dry pow

er. Because of the shock hazard associated with water, 
and the problem of cleaning dry powder from between con
tact points the preferred extinguishers are of the CO2 , 
alon, or volatilizing liquid types. It must be remem
ered that CO2 quenches the fire by smothering and norm

ally little cooling takes place; there is always the haz
ard of re-ignition as the CO2 dissipates. The halons and 
olatilizing liquids should be used only in areas where 

adequate ventilation is assured; since some substance may 
be toxic and others, because of their weight, may exclude 
oxygen from occupants of low-lying areas. 

Toxic Fumes. Toxic fumes are frequently generated around 
RF equipments either during malfunction, normal heating 
use involving certain brazing and soldering fluxes, or dur
ing repairs. These fumes are particularly hazardous when 
inhaled through a cigarette. Adequate ventilation should 
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be provided, with special hood arrangements at the proba 

ble sites of production so as to avoid general pollution 

of the room air. 

Jewelry. Jewelry is always dangerous around electrical 

equipment; rings in particular .should be discouraged. 

Rings have been responsible for numerous amputations; 

during a simple fall or slip, if a ringshould become 

caught on something substantial, it can remove a finger. 

A ring shorting two electrical contacts can char all fles 

within it in short order. One operator told me he reache 

toward an induction furnace with the same hand on which 

he was wearing a ring, and although he didn't lose his 
finger he said it felt like an eternity passed before he 

could remove the ring. 

Electrical Shock. Each year many good.scientists and 

technologists are lost in their prime; and, perhaps even 

more sadly, frequently before their prime with brilliant 

careers still ahead of them. The principal factors in
fluencing accidents of all types, in order of their fre

quency, are: fatigue, hunger, medication, attitude, alco 

hol, and other drugs. 

The solution seems simple enough: 

• Use the buddy system, especially after normal 
working hours or in isolated areas. 

• Don't engage in hazardous activities when fatigue 
or under medication (except with physician's ap
proval). 

• Don't engage in hazardous activities when your 
mental set, whether through emotional or chemica 
stimulus, would incline you toward risk-taking. 

However, while electrical shock is frequently fatal and 

can lead to mechanical injuries the outlook isn't as dis 

mal as it first appears. Data drawn from the power.dis

tribution industry indicates that fully two-thirds of th 

electrical shock victims respond well to the expeditious 
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lication of cardiopulmonary resuscitation by their fel
workers. The DRAKE STUDENT HEALTH CENTER and your 

ice of Radiological Safety have co-ordinated in the 
the presentation of this emergency training. Such 
inirtg because of the lag-time in obtaining the training 
s requires about 90-day notice but can be provided if 

fficient interest is demonstrated. It behooves us all 
be trained in cardiopulmonary resuscitation and--a 

int of self-interest--our co-workers, too. 

the next two pages, and below, we have included a cap
le-sunnnary of the American Heart Association's cardio
lmonary resuscitation training. This information is in
ded only as an adjunct to other training (e.g., review 

r those having attended the formal course) and will not 
itself develop proficiency in these emergency measures. 

ergency Measures in 

ardiopulmonary Resuscitation 

l 

THE COMMIITEE ON 
CARDIOPULMONARY RESUSCITATION 

of the 

AMERICAN HEART ASSOCIATION 
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DIATHERMY ADDENDUM 

MEDICAL APPLICATIONS 

During the late 30's it was felt that the ability of R 
energy to penetrate biologic material and deposit ener 
in underlying tissues could be used to medical advanta 
At the time RF diathermy was fir.st considered the gen
erators and amplifiers were of such low power that its 
use was not practicable. However, as a result of the 
velopment of RADAR technology, just prior to and durin 
World War II, RF diathermy did become practicable. 

But RF diathermy was not universally accepted as a uni 
application for radiation. Some environmental health 
specialists felt a mustard plaster does as much good a 
RF diathermy without the cataractogenic risk. One fri 
of mine with the Bureau of Radiological Health launche 
a one-man campaign to have the use of RF diathermy (at 
the 915 and 2450 MHz frequencies) outlawed. He challe 
those supporting the use of RF diathermy to produce one 
bit of evidence that it does in fact produce any bene
ficial effect. The response of the profession stands i 
my mind as a benchmark of the reverse logic of certain 
biologically-oriented minds; no scientifically substan
tiated evidence can be produced to show any beneficial 
effect unique to RF diathermy, but, in certain cases 
injuries have resulted which are peculiar to the use of 
RF diathermy. Now, if any effect (even harmful) can be 
elicited then it must also be possible to produce a hen 
ficial effect. That bit of reverse logic virtually end 
the campaign to outlaw RF diathermy. 

RF diathermy is being used to treat a wide spectrum of 
conditions in humans. Dentists have prescribed microwa 
treatment for abscesses. One manufacturer recorranends i 
application directly to the eyes for certain conditions 
of the eyes. Since, the two examples cited are standar 
applications and involve or are near to the most sensit 
organ of the body and the profession is not plagued by 
plethora of malpractice suits due to the generation of 
cataracts--it is apparent that the susceptibility among 
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dividuals for microwave cataract formation must vary as 
dely as any known biological parameter, possibly by 
ders of magnitude. 

have discussed in other Office of Radiological Safety 
terature the difficulty of measuring RF power density in 
e near field, I believe this should be borne in mind as 
discuss a specific case of RF diathermy treatment. 

out two years ago a young man (38 years of age) was 
eated by microwave diathermy for whiplash injuries. 
er a period of six months he received about 30 minutes 
exposure to microwave energy (2450 MHz), post facto 

asurements suggest his eyes were in a field of about 
mW/cm2 • Shortly after cessation of treatment he de

loped dense bilateral cataracts. His age ruled out 
nile cataracts and there was no detected pathological 
ndition which could have given rise to the cataracts. 
though there seemed to be a definite implication of the 
crowave treatment; public health officials were very 
utious in responding to any queries on the matter. 

HER APPLICATIONS 

ese RF generators, capable of producing about 100 watts 
microwave power, although developed for the medical 

ofession are not used exclusively in the healing arts. 
ey are frequently used by experimenters to ionize a gas. 
ere are no manufacturer's instructions in this area, so 
e environmental health monitor must be ready to assist 
e experimenter. 

ach time the waveguide orientation is changed there is 
possibility of increased leakage. I thoroughly ex-

ected the RF energy to be radiated out of the waveguide/ 
pparatus junction by the ionized gas but found very little 
ffect of the ionization or extent of ionization on the 
mount or direction of leakage. The experimenter should 
ave an instrument available to him with which to check 
is equipment for leakage after each adjustment, your 
ffice of Radiological Safety can help you in this area. 

s an experimenter you are operations oriented, as an 
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environmental health monitor you must be safety oriente 
but fully cognizant of the needs of the experiment. Fr 
quently these two functions must be served by the same 
individual--as when working at a remote site. The purp 
of this guide is to orient you whether an experimenter 
environmental health specialist,new to this area. As a 
experimenter you consider microwave power a tool, and w 
must all learn to use our tools not only effectively bu 
safely. I recall one experimenter who was using 100 wa 
of microwave power to generate some ultraviolet lines f 
calibration purposes at a remote site, he was using a 
technique he had used at an internationally famous lab
oratory; and, actually felt, never having been told oth 
wise, his sunglasses with their cardboard sideshields we 
adequate protection from the RF. If you have any health 
and safety problems or suspect you may have some, please 
call your Office of Radiological Safety (X4870) and we'l 
help you evaluate the situation. 
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