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H éalth HaZafds |

NTENSE radiation of many frequencies of the electro-

magnetic spectrum will excrt profound- physiological ef:
fects. It is 2 question of relativity and degree when these be-
come pathological effects and constitute a threat to the well-
being and existence of the exposed individual. Some of the
- observed radiation effects are common to maay frequencies
* of the spectrum, others are peculiar to a relatively smiall band.

Microwaves '(mdar) are usually considered to comprise
- that portion of the speetrum from 110 to 30,000 megacycles,
pulsed or constant, with variable power. Each is generated
in magnetrons or kiystrons ind obeys all the physical laws

© pertinent to radiant energy.

" Heating of the body is the commonest physiblogic:l\l effect
of microwaves. This has been adequately described in the
“literature and requires no repetition, * 1% M. 17. 033, 11 A]]
observed effects from ‘heat conform to the rule that absorp-
tion'is in inverse proportion to wave length and penetration
- is in direct proportion to wave length. Temperature increases -

in living tissues are dependent upon 4 factors: 13 :

1. Specific area of the boa)' exﬁosed and the efﬁciem;y of
the heat dissipating mechanism of this area.

o ;‘.’: Intensity of field strength of the radiation,
3. Duration of the exposure.

4. Specific frequency of the radiation. o

A reported death due to hyperpyrexia from microwave ex-
posure emphasizes the importarice of this hazard.1?

The purpose of this paper is to discuss the indirect thermal
effects. the athermal effects and some possible theories of
the biochemical change achieved with microwaves. A review
of the extant literature and the clinical findings on a group of
people exposed to microwaves are included.
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literature .~ - HEE T
~ Convulsions have been induced in rats exposed to m:cr
waves of 12.25 cm.2 The brain temperatures. tose to 11

. degrees F and there was no relationship with the preva:iin

body. temperature. The convulsions followed this rapid 1n
marked elevation of -the brain temperature and were ;s
ciated with minimal visible pathology in the brain ti w
Animals removed immediately upon the onset of the -or
vulsions usually survived, but if not removed fron: th
radiant field they died in 30 to 43 seconds.. :
Microwave radiation will cause 2 certain amount of hon
absorption, and this is undesirable in the age group wier
bone growth occurs because the reaction is most marked :
the epiphysis.® It is equally undesirable over healing trac
ture sites where new bone growth is desired. :
The danger of x-rays from microwave equipment whic
is not completely and adequately sealed has been menti. e
by Lidman and Cohn.* This is 1 real danger, not a theorctica
one, and constant vigilance should be maintained to guard
Temperature elevation increases molecular _oscillations.
and this is pertinent since microwaves are abeorbed ar the
molecular level.? The increase in oscillations causes 2 shift
of the spectral energy absorption pattern, increasing the ef-

* ficiency of the longer wave lengths. This explains the ex:reme
thermo-lability. of proteins.

Br. John T. McLaughlin obtained his MD.
in 1990 from Georgetown University. took
a rotating ‘intermnship ar St. Mary’s Hon-pital
Philadelphia, 19401, and auended the Shoii
of Aviation Medicine in 1943, He tonk post-
graduate work in radiation physics at the Uni-
versity of Southern Califomia in 193, Dr.
McLaughlin' was an instnactor of surgery 3
Jefferson Medical College, and assistant surgeon
at JeiTerson, 5t. Mary's and St Joseph™ ho
pitals, Philadelphia, for 2 number of yean
He is now a Glendale surgenn and has pur
lished several medical papers,
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* Any multiceilular organism is a complex mass of dynamic
protein. The more highly developed the animal, the more
complex are protein dynamics, Each protein molecule is in
a constant state of flux, with constant changes in its size,
shupe, molecular weight and electrical potential. The po-
tential and polarity of the cell wall are constantly chang-
ing and thus affecting a change in the wail
and the transference of anions and cations across this
membrane. Microwaves apparently‘induce a change in the
ionic Jouble layer at the cell wall.® Such a change affects

the sermeability of the membranes and consequently the

phy “ology o_f the cell. The principal effect is change in
intr. and extracellular cation concentration. N

Asvthing altering this delicate balance will exert a pro-

" fou: | cffect on- the cell and the organism. If the protein

- mol. ule so altered is concerned with reproduction, repro--

duct-+a may be altered and the progeny, if any, miay reflect
" the 1 wlecular changes. Of outstanding importance are mole-

alir changes in intracellular enzymes. Each biochemical re-

actic: is catalyzed by an enzyme. All enzymes are proteins,

som: simple and some complex; and enzymes, like all pro-
© teins are universally susceptible of thermal inactivation.

M. rowaves are absorbed at the structural level and under
proj: r circumstances may change the character of the protein
mok ‘ule.? Absorption takes place as the rotational energy

“of th molecule is increased, Rotational quantae are functions
of £~ principle moments of incrtia, which are themselves
func s of the molecular bond distances, the bond angles
“and e atomic masses. Increased oscillations of the intra-
mole...lar bonds lead to rupture of the bonds, completely
chanzing the character.and physical properties of the poly-

In :dition to zbsbrption at the molcmlufle{'_el, Odeblad's
has i, nonstrated proton absorption at 26.5 m.c.
Towues may be photosensitized by any heterochromic

" sour - of light'® and they will then react more violently to

any 7 .liation. In some instances this is a reversible reaction;
Giiinacts resulting from microwave exposure are a result
. of the oxidation of the thiol group in the lens, changing
3 trac.parent to an opaque protein.® Oxidation of polypep-
tides ‘cads to formation of toxic end products which are
prote;-lasmic poisons. IR C _
Microwaves of 12.25 ‘em., in vitro, will alter the human
- serum protein pattern, increasing clectrophoretic migration
from >.5 per cent to 36 per cent in direct proportion: to
molecular weight. There is a constant decrease, averaging
48.5 rer cent in the amount of alpha 2 globulin and a con-
stant increase averaging 105 per cent in the amount of gamma
Blobulin, Noted was a relationship between exposure time
and the serum changes. Synergism and antagonism tetween
Microwaves and x-rays were observed,
Microwaves of 12.25 cm., in vitro, will diminish the
imount of heparin-like bodies in the blood and this effect is
tnhanced by x-rays,

permeability

Lefebvre’ stimulated the growth of chick embryos by ex-
posing them to microwaves, and he also carefully measured
the elevation in temperature achieved. He could not. dupli-
cate this growth effect by elevating the temperature to a
similac level with the usual modalities, nor could he duplicate
it with ionizing radiation.
ance as the underlying cause of the growth stimulation. .

Short-wave irradiation will stress the pituitary-adrenal
cortex system and stimulate the secretion of oxysteroids.! In-

crease of body temperature by any means will act in a
similar manner, but this effect is not achieved by the applica-

tion of external heat.

Short-wave irradiation of an isolated area of the rabbit
causes depression of white cell formation, 2 while whole body
radiation stimulates leucocytosis. Lidman and Cohni6 ex-
amined the blood of 124 men who had been exposed to mi-

crowaves for periods from 2 to 36 months. They concluded )
-there was no evidence of stimulation or depression of the
erythropoieic or feucocytic systems of these men, Unexplained

were the described cases of jaundice, although possible
(auses were suggested, and also the significant differences in

reticulocytes between the controls and the exposed men. -

Selye® has shown that stress causes an increase in circul;ti'ng
reticulocytes and an increase in capillary fragility which is

especially marked in the connective tissue of the liver, -
whether the insult or injury has been over the liver, or some

other part of the body,

Barron? examined 226-subjects who had been cxﬁosed to

microwaves for varying periods of time and found a sxtgr.x_iﬁ-

cant decrease in polymorphonuclear cells in 25 per cent as -
compared to 12 per cent in the controls. There was also an -

unexplained elevation of the eosinophils and monocytes in
the exposed man. Gupillary fragility was disproportionately
high in the control group, and this is unexplained. Further
examination of 100 subjects after 6 to 9 months revealed a
decrease in the red cells in excess of 10 per cent from the
original in 42 per cent of the subjects. There was an increase
in white cells in 58 per cent and an increase in polymorpho-
nuclears in 35
platelets, . ; .

Selye® has demonstrated that temperature elevations are
initiators of stress reactions in the same manner as cold and
will precipitate ‘the usual alarm reaction and  subsequent
chain of events; ' ' : :

Acute microwave exposure of experimental animals will -
cause marked adrenal hyperemia with little change in the .

lipid- distribution of the cells. Chronic exposure leads to
increased intracellular lipids. Rabbits exposed to diathermy
suffer adrenal lipid depletion and adrenal necrosis.. These
correspond with the effects found from other stressors,
Stress leads to an increase in blood fibrinogen and fibri-

nolvsin, and causes an increase in circulating reticulocytes. -

Adler and Magora have demonstrated the stress phenome-
non resulting from short wave irradiation.! Such irradiation
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_is the precursor of inflammation which causes increased:
capillary fragility.” This may be the result of an inflammatory

substance, resembling oxygen, released by a proteolytic en-
zyme. Inflimmatory reactions cause an augmencation of

" fibrin and consequent decrease in clot retraction. In the early

stages of stress there is an increase in the amount of circulat-
ing steroids.® These increased steroids have an antifibro-
blastic effect and this is combined with reduction in protein

and protoplasm to cause destruction of the muscular and elas-

tic tissue in the walls of the small vesscls. This leads to capil-

- lary fragility and tendency to bleeding, thrombasthenia.™

Biggs suggested that fibrinolysis was 4 component of the

~initial alarm reaction of Selye. In the later alarm stages of

stress there is adrenal .xtroph) and exhaustion, in which case
any small stress w nll cause profound bleeding, shock and even
death. :

Microwaves may intesfere with normal blood clotting

‘ .indStimul.ue abnormal bleeding in the following ways:

1. They set, up an mﬂ.xmm.xtor) reaction leadmg to capil-

. lary fragility.

. They set up a stress reaction and by interference with
protein metabolism we.xken the walls of the blood
vessels, - ,

. 3. They have an .xntlﬁbroblasnc eﬁect thus preventing

19

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 F:bnnol)sus is an undesitable effect of the stress effect

of microw: aves.©

Clinicol Obsewuhons .

In observing a large number of persons. engaged in the A

manufacturing of microwave equipment who were exposed
intermittently for various periods to microwave- radiation;.

115 were noted to exhibit various degrees of abnormal
capillary fragility as manifested -by the Rumpel-Leede test.

- The only cases examined were those who sought medical

advice for the reasons outlined below. Thesc represent only

- a small- percentage-of the-total- number exposed, and no

effort could be made to determine what percentage of the ex-

posed population might have been affected.

Field ‘strength, frequency, and power factors are unavail-
able for security reasons. Exposure ranged from 1 to 3 hours
daily at distances from 1 ft. to 50 ft. from the antennae.
Each of the examined persons had experieaced the sense of
warmth that is a result of microwave exposure. Headache
and a warm feeling when exposed are such common findings
that they are accepted as a normal ocmpanoml hazard in this
type of work. Unfortunately, many, in ignorance, allowed
considerable heat to be generated in their bodies in order
to achieve a therapeutic diathermy effect.

The Rumpel-Leede test was accomplished by maintain-
ing the blood pressure cuft on the arm at 2 point midway

~

“between systole and diastole for 3 minutes and then counting

the petechize in 2 4 cm. circle in the anticubital fossa. One
plus equalled 10-19 spots, 2 plus 20-30 spots, 3 plus 31-40
and 4 plus more than 40 spots.

The number of cases seen defics the mnsuml occurrence
of the idiopathic causes of purpura. There was no common
exposure to the known causes of purpura such as orgunic
arsenicals, gold salts, benzol, or sedormid. Thiurea and wul-
fonamides were eliminated. None of the patients were ex-

‘posed to ionizing radiation; such a group constituted a .dif-

ferent clinical picture. The only possible ctiological factor
common to all the cases was the exposure to microwives,
Three hundred controls were established in persons unier-
going routine physical examinations. One case of purjurs
was found in this group, and he had been exposed to micro-
wave radiation in his previous employment. The group

comprised 64 women and 50 men, and one boy of 10 yuurs.

Three cases of spontaneous purpura were the member. of

" one family who live adjacent to an area where radar sets are

tested. None had any other microwave exposure, and rhey
were completely unaware of the cause of the purpura. Ex.imi-
nation of the area showed them to be in the test pattern s

" distance of at least 100 yards - -

Purpura Related to Exposure. Time

Rumpel-Leede i ) Average Time of Employment
One Plus . : ' 10.8 manths
Twe Plus . 23  months
Three Plus 18 maonths

. Four Plus . 25.2 months

Complete blood count, color index, hematocrit, prothromb-
in, bleeding. coagulation, and clotting times were equirocal
with no definite pattern discernible.

Sternal marrow studies showed occasional increase in the
megakaryocytes, and nothing else. .

Platelet counts were shbhtly deprcssed averaging 154, 000
in, 13 patlents -

Fibrin clot volume coincided f:url) well with the plaele
counts. One case of spontancous purpura presented a pulse
less patient in profound shock resembling adrenal apoplexy.
After one year he was still disabled and had an abnormul
clectroencephalogram.. - : ‘

Representative Cases:

CASE I: White male—39, machinist, 2 years exposurc.
The patient struck the palm of his hand on a lathe chuck: and
in three days there was an area of ecchymosis 6 x 6 cm. &
the site. In two more days, the eccchymosis extended from the
finger tips to the elbow. Rumpel-Leede 4 plus.

RBC 5,220,000—WBC 16,500—Hb. 15.8 gm. Coaguis
tion, biceding und prothrombin times normal. Platelet count
176,000, Clot volume 19 per cent (normal less than 2
per cent). Repeat platelet count in 2 days 160,000. Cl
volume 22 per cent. Sternal marrow showed an increase i
immature megakaryocytes. The patient was treated with sb
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sulute bed rest, ice paicks,
“n)\'l:red. . .

CASE II: White male—27, 1 year exposure, administra-
tion. December 4, 1952: The patient complzined of tender
ness and pain along the dermatome of the 12th left inter.
costal nerve. The past history was negative for any serious -
illncsses or blood dyscrasias, Physical examiination was nega.
tive. except for paresthesia of this dermatome, Blood pres.
‘sure 130, 80. December 8, 1952: the paresthesia persisted,
and there were many fine petechize present in
twmi. Rumpel-Leede was 4 plus, blood Ppressure 12680,
Dember 15, 1952: The patient was complaining of the
paresthesia and generalized malaise. There were fine pe-
techiie all over the body. Blood pressure 132 /78, The spleen
could be palpated. January 8, 1953: The patient.complained
of inreasing malaise and his blood pressure was 90 60, and
he w.s hospitalized. o .

and 1500 cc of whole blood, 1ad

this derma-

Liboratory findings: The bone marrow smear’ appeared
normail. Hematologic studies were within normal limits for -
" the RBC, white count, differential, hemoglobin, hemo-

‘ globin. hematocrit, and sedamer_:tation rate. The A M. f:isting
cosinuphile count was 167.‘c. mm and after ACTH, at 12:30 .
PM. wis 166/c. mm. Blood chemistry was within normal
limits for serum chloride, total protein, albumin, globulin,
fibric.cen, and NPN. Syphilis serology was negative,
Testicular biospy showed normal tissue. Following were
the suzar values in a glucose tolerance test. Fasting, 95
mg.: 30 minutes, 175 mg.; 1 hour, 230 mg.; 2 hours, 97
mg.. + hours, 100 mg, T

A diagnosis of stress syndrome with temporary adrenal .
insuffiiency was ‘made and therapy instituted with cortisone
075 Jdsily. The patient improved on this regimen and when
the kivad pressure stabilized at 130,80, the cortisone was .
teducc-d to 0.050 and then 0.025 daily. He was maintained -
on this dose until March 1, 1933 when he regained the 20
pounds he had lost, then all medication was discontinued.
For 3 ycars he has maintained his weight and blood pres-
sure 2 his only complaint is easy fatigability. _

After 43 months, the stress of 3 tooth extraction_ precipi--
tated : sharp fall in blood. pressure and necessitated steroid
fg'niﬁr.xtion. . )

CASE II1: White female, 26, exposure of 3 years, elec-

tronics assembly. One year before this incident the patient
i 0 had undergone 2 tonsillectomy and because of persistent
- bleeding, suturing of the fossas and transfusions had to be
+{ 1 resoned to. There was no history of any preceding bleeding

i dyscrasia, ' .
i February 18, 1953, patient bumped her left leg against 2
" table and sustained a2 2 x 4 <m. bruise of the pretibial area
;- o the middle one third of the leg. The skin was unbroken
-7 0d xerays were negative for bone injury. The patient com-
© &t Plained daily of increased soreness of the leg and by February
* 24,1954, there was ecchymosis from the knee to the tips of -

. ; ‘ml . "6’ _‘_A_‘,,_____.___'__..-__'.-w_.;._";._..

~was grossly bloody and at

There was engorgement of the

the toes, and on this date the Rumpel-Leede was 4 plus. The
patient entered the hospital and the laboratory findings were:
WBC 6400; normal differential; RBC 3,800,000; Hb. 13.4;
platelet count 152,000; hematocrit- 39; blecding, coagula-
tion,’ prothrombin time, normal; serology negative; urine
normal, . - )

The patient was given 500 cc. of whole blood every day
for a total of 1500 cc. at which time the bleeding stopped.
The paticnt was at"absolute bed rest with the limb elevated
and with ice applied, v

On March 1, 1953, 2 large hematoma was evacuated from
the injury site and the wound healed well, There was a resi-
dual hemarthrosis of the ankle and brawny discoloration of
the skin of the limb. Witk physiotherap)j there was a return
to normal motion in the ankle and complete loss of edema in .
six months, - . Lo

The discoloration of the limb remains unchanged,

CASE 1V: White female—28: 6 months exposure; as. -
sembler. This patient was first seen May 15,1953, when
she was complaining of malaise and red spots on arms.
Spontineous petechiae were present all over the body with

‘a4 plus Rumpel-Leede. There Was no history of previous -

bleeding dyscrasia or purpura. Past history was not remark-.
able for easy blecding. On May 25, 1953, she fell while
dancing and was reported to have hit her head but was not
unconscious. She was scen agiin’ in M.iy 26, 1953, .com-
phaining of pain in the right shoulder and the petechiae were
still present, R R
On May 28,1953, she fainted-at work and when seen shé
Was unconscious. BP 120,90 and neurological examination
disclosed nuchal rigidity and a positive left Babinski reflex.
The patient was removed to the hospital where spinal fluid
Pressure of 300 mm. of water, A. ;
tentative' diagnosis of subarachnoid hemorrhage was made.
All blood studies were normal except fibrin-clot volume
which was 27 per cent. Absolute bed rest was instituted, and
in one weck the patient had improved and skull X-rays were

- negative for pathology. Bilateral cerebral angiograms done
~ at'this time failed to reveal any aneurysm. Continuous bed

rost was enforced and the patient went.home by ambulance
June ‘10, 1953, _She continued in bed at home and was
asymptomatic until June 24, 1953, when she arose to goto
the bath and fell dead on the floor.

At autopsy, no aneurysm was found, There was evidence of
a recent hemorrhage into the right lateral ventricle and an
xanthochromic area in the same cavity indicated the site of

. Previous bleeding. There were small petechize throughout

both hemispheres of the cerebrum, In addition there were
infarcts of the spleen and myocardium-and subserosal bleed.
ing in the spleen and in some areas in the small bowel.
liver without infarction,
The postmortem findings in the spleen, liver, myocardium

“and small bowel Bore 1 close resemblance to the changes

.
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. following e’(penment.ll exposure in animals descnbed by

. Boysen.s

Later in the seriés 135 patients were treated with BAL (2.3
dimercaptopropanol), 2.5 mg. per kilo being given twice
daily for three days. Each of these patients demonstrated a
4 plus Rumpel-Leede, and they presented themselves with

~ the following complaints:

(2]

" Intercostal neuritis .
Ecchymosis of hands and fingers ~
after wringing @ mop
© Joint pains
Tenosynovitis
. f

Mnld contusien and severe hematoma
Spontaneous purpure

- - e =

In each instance there was a complete remission of the
Fresenting symptom or sign after three days of treatment.

The 2 thio groups of the BAL are highly reactive and ap-
parently “afforded protn'non to the more stable protein
molecule :

‘ Dnscussuon s . .
Microwaves are 1 potential hc:.llxh hazard and will continue °
- as such until adequate studies point to the amount of such

energy the human may safely absorb.
In addition .to amounts of energy, this safety standard
must consider frequency which, in this range of the spectrum,

“is an important factor. Penctration and absorption of micro-

waves are both functions of frequency, hence power is not
the only elernent of danger to be considered. The amount of
energy to which one is exposed is important, but we must
speak in terms of the amount of energy being absorbed and
at what depth in the body absorption occurs. The answers
to these and other important questions can only be arrived
at by giving due consideration to frequency.

A sandard of how much energy one may safely absorb
per.square centimeter will be inadequate unless we can state

the total amount of energy he may absorb and in what penod o
of time. Currently we have no information whether there may

be a cumulative effect from expusure to microwaves, but
Selye’s work on stress points out the pathological differences
resulting from acute and chronic e‘(posure to short-wave
radiation. '

Since some of the undesirable effects of microwave ex-
posure ase from the heat created, there will be different safety
levels for different organs, since the capacity for cooling

.varies in different parts of the body; muscle and bone can

obviously be heated with a greater margin of safety than the
brain or the lens of the eye.

Currently we have no unit of nonionizing radiation which

we may use-as a standard, hence communication is compli- -

. cated.

Today the average human is cxposed toa multxphc:ty of
frequencies of the electromagnetic specirum which were ua-

20 -

dreamed of 2 decades ago. Infrared and ultraviolet modalitie
are common Jccessories in the average home, school, in
place of business. lonizing radiation has emerged from it
protective shell and Geiger counters are now toys for (hil
dren. There is a proved synergism and antagonism betweer
various forms of radiation, therefore, any safety progran
must consider the interaction of the various forms of energ
and prepare to cope with this extraneous factor.
Microwaves are part of our way of life, and exposuce |
not linvited to military personnel, nor persons.engag: J :
the fabrication of this equipment. It would behdove s ¢
establish 1 definite clinical and pathological pattern i ex
posure and make this information and knowledge availabl
to every physician, since they are the ones who will ex.min
and treat the majurity of the affected patients. Simultar: :ous
ly, a satisfactory method of treatment would be a val:ubi
addition to the physician’s armamentnnum
Summary -

Microwaves affect man ad\ crsly in at least 4 ways
1. They may raise tissue temperatures to mtolerable tevel
and cause cellular damage or death.
. Emanation of x-rays, as mentioned by Lidmar an
Cohn, is a real danger and one to be guarded agains
. Molecular absorption of microwaves may interfer. wit
cellular physiology in an infinite number of w.ys.
4. Microwaves, directly as heat, or in some other m..nnef
act as stressors and set off the stress reaction w:th 4
its undesirable sequelae which follow in the w.ke o
the acute alarm reaction.

(B

(92

One clinical pattern of capillary fragility, failure cf ads

quate clot retraction, and abnormal bleeding, has been pr:
. sented.

Experimental work to date has merely demonstrai.d t‘z
danger from exposure to microwaves of 12.25 cm. Un:il fu
ther information is available, this form of energy should b
afforded the same respect as other energetic radnauo: 5 suc

" 25'x-rays, gamma rays, and neutrons.d3
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