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HE presence of high-energy radar apparatus on vessels
T equipped with guided missiles has added new and pressing

problems in -preventive medicine aboard ship of direct
concern to the medical officor. Recognition and solution of such
specific problems' requires familiarity with the physical aspects,
technics of measurement, and biological effects of microwave
(radar) and ionizing (x-ray) radiations. This .article is.presented
as a summary of basic information and practical experience both
ashore and afloat to enable the ship’s medical officer to under-
stand the problems and to ensure that proper measures arc taken
to protect his ¢rew against the potential hazards of radiation
‘uch as were encountered aboard the U. 5. 5. Galveston.

S llPBOARlS RADIATION PROBLEMS

The U. S. S. Galveston is the third ship in the United States
Navy armed with guided missiles and the first such light cruiser
in the world cquipped with the Talos weapons system which
directs guided missiles to the target by high-powered radar
heams, She was commissioned at this shipyard on 28 May 1958

iy, 1). In addition to multiple radar transmitters of various

power for taclical purposes mounted throughout the length of
the superstructure, this ship is unique because she carries two

TAN/SIG-49 radar fire-control transmitters for offense mounted

on the afterpart of the superstructure. Each such radar has two
components: (1) an “acquisition” beam to scan the sky and locate
the tarpot; and (2) a “tracking® beam to lock on target and wack
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- its evasive flight while the ship’s guided missiles are prepar ar : '
launched, and directed to intescep% and destroy enem;) pfan:g: L ....;.__:ihi_lCI{OWAVE RADIAﬂON _
These very high-power radars are the large domes situated above It is well known that in experimental animals, microwave
the missile launcher on the fantail of the cruiser, as shown in radiation associated with radar beams of high intensity can cause

; ' cataract formation, corneal opacity, or testicular degeneration,
and in sufficient intensity may be lethal. However, this may not
nccessarily apply to the human “animal.” Nevertheless, on’ the

basis of existing information the level of 0.01 watts}cm‘ (10

milliwatts per square contimeter of body surface) has been -

arbitrarily established as the maximum safe level of microwave
radiation for human beings for indefinite periods of timo.' Higher

values are considered hazardous. K : o

Accordingly, in an attempt to establish safe distances from
the AN/SPG-49 radar antennas under varying conditions of
! operation, measurements of the radio-frequency field density

were made on 14 March 1958 on the Galveston using a new port-
able radio-frequency power-density meter known as a “microline
radiometer;” ‘Model 647 is produced as a research instrument
by the Sperry Gyroscope Company. The distance at which the
intensity of the radar beams under the various possible operating
conditions reached 10 milliwatts/cm? was determined, using this

radiometer with the results shown in table 1.

TABLE 1. Distances for 10 mw/cm®

1 Condition Measured result
’ (feet) '
5 One track beam S 92
Two track beams 130
One acquisition beam V 162
Two acquisition beams 230
All on simultaneously 265+

sCalculated estimate using measured values for vari-
ous conditions, (Duc to a difference of 90° in polasiza-
tion of the acquisition and track radar beams, it 'is not
possible to measure accutately the intensity of the radio-
frequency fickd of the combination simultancously.)

LidgriAhafe

.-Theso moasuroments were mado in the center of the beam,

Figure 1. Commissioning ceremonies, U. S. S. Galveston, U. S. Nawval Ship- ‘with all four beams dirccted at the same point, either individual-

yard, DPhiladelpbia, Pa., 28 May 1958. Note two Talos guided missiles in

lanncher; also, above the missiles, two large radar domes, AN/SPG-49. Iy‘or Sunultancously.

: The beam angle of the ray from these radars is approximately
fipure 1. Two scparate and distinct radiation problems were found pl_us or minus 1¢, ﬂ.nd the intonsity falls off rapidly as the!
to be associated with the operation of this equipment. One has measuring apparatus 1s moved away from the centor of the beam. -

. to do with high-power microwave radiation (radar boam), tho Accordingly, no deotectable radio-frequency radiation was found

other with ionizing radiation (x-ray). on ILL\e fant,ait when both radars were directed at the ship’s bore-
by : - . A‘A sight tower abovo it., ' ’




FTTATN
- R

516 U. S. ARMED FORCES MEDICAL JOURNAL (Vol. X, No. §

The area bohind the radar lens adjacent to the AN/SPG-49
radar was below any readable value. A maximal value of 5 mw/
cm® was found immediately adjacent to the acquisition screen.
Tho entire arca about the radar apparatus does not show any
radio-frequency power-density in excess of 10 mw/cm? except
directly in front of the lens, thus ruling out significant “side-
lobe® offect. ' :

During sea trials early in 1958, conducted by the Naval Board
of Inspection and Survoy before acceptance of a ship as an
operating unit of the fleet, additional measurements were made
using the microline radiometer. No detectable radio-frequency
radiation was encountered on the signal bridge of the ship lo-
cated on the forward part of the superstructure when the upper-
most AN/SPG-49 beam was pointed directly at it with the acquisi-
{ tion and tracking beams both on full. However,. the afterpart of
‘the superstructure was found to have levels of microwave radi-
ation in excess of 10 mw/cm? when the uppermost of the two
AN/SPG-49 antennas was pointed directly at the measuring area
with only the acquisition beam energized. In addition, the entire
fantail of the ship was found to have levels of radiation in ex-
, cess of 10 mw/cm?® when the AN/SPG-49 antennas were both
; energized on acquisition and track and depressed at an angle
: of approximately -7° to the horizon so that they'pointed directly

at the deck of the fantail. No radiation was detectable, however,
when both AN/SPG-49 antennas were energized on track and.
acquisition but were pointed at the boresight tower located on
the fantail. '

: : It is apparent from these measurements that certain portions

: of the after section of the Galveston are potentially dangerous

when the AN/SPG-49 radar transmitters are pointed directly at

: them. Personnel, therefore, are not allowed in sucheareas during

1 activation of the equipment. Under normal operating conditions,

a no general quarters station aboard this ship is exposed to levels
’ of microwave.radiation in excess of 10 mw/cm?. '

While measurements were being taken of the radar beam in-
tensity aboard this cruiser, each investigator wearing coppeor-
mesh goggles to protect the eyes against overabsorption, it was
found that neon lamps will light up if held in these radar beams
when the intensity is approximately 5 or 6 mw/cm? and thus well
within the safety range. Therefore, as a ready means of detecting

! intonse levels of radiation, crew members working in the area of
these radar transmitters have installed small ncon lamps (serie=

/) NE-51, standard U. 8. Navy stock) inside their caps. Whenever
they think the level of radiation may be excessive, they simply
take off their caps and look at the bulbs; if they are it the men
immediately remove themselves from the arca. Ordinary photo-
. graphic flashbulbs are even more sonsitive to radar beams, and
-l were found to discharge at a level of approximately 1 or 2 mw/
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cm?. These Am{alieshift detection devices can be quite useful under

. i . . .
" circumstances ' where men are occasionally required to enter

arcas of potentially excessive microwave radiation.
To date there has been no known overexposure of personnel

to microwave radiation on the U. S. S. Galveston, and none of the

men have reported with signs or symptoms which can be ascribed
in any way to effects of high frequency radar. - : :

Because the biological effects of microwave radiation? have
not been doscribed as extonsively as those of ionizing radiation
(caused by x-rays, alpha and beta particles, gamma rays, necu-
trons, and cosmic rays), a short résumé of the action of very high
frequency radar beams on living tissue is presented.

BIOLOGICAL EFFECTS OF MICROWAVE RADIATION

Microwave radiation is non-ionizing in character. Nonionizing

‘radiation is produced by that portion of the clectromagnetic

spectrum with a frequency lower than x-rays; e. g¢., television,

" madar beams, infrared, visible and ultraviolet light (fig. 2). Radi-

ation in this frequency range exerts its influence on matter by
creating heat, by means of a -dielectric effect. Atoms and mole-
cules having asymmetric electrical charges undergo rapid rotation
in an alternating electrical field. This “dielectric effect” is
characteristic of electromagnetic (microwave) radiation which,
biologically, apparently results only in the production of Leat.

Under normal circumstances heat generated in the deep tis-
sues of the body is transferred by the circulating blood to the
skin where it is dissipated into the environment. Equilibrium of
the body temperature as a whole is established when the rate of

- -heat dissipation equals the rate of heat production. The temper-

ature at which this occurs is a function not only of the intensity

“of incident radiation but also of the capacity of the body to dis-

sipate heat. The existing biological condition, therefore, is
influenced to some extent by the environmental temperature,
relative humidity, and rate of circulation of air.

Certain parts of the body, because of relatively poor vascular
supply, are not well equipped locally for the dissipation of heat
and, thorefore, sustain greater tempecrature increments than the

.. body as a wholo when exposed to microwave radiation. In ad-
. lition, local collection of fluids, for example, within the lumen

of the gut or bladder and the aqueous and vitreous humors, can-
rot. dissipate heat as readily as an equal volume of vascularized
tissue, For these reasons the eyes, the gut, and the bladder arc
especially  susceptible to damage from eoxcessive dosage of
microwave radiation. Tho testicles, although well provided for
the dissipation of heat, have an exceptionally low threshold to
thermal damage, and therefore also arc more readily injured by
eXposuro to microwave radiation.
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370 minutes was found to- fall between 120 and 220 mw/cm?.

(FThe frequency used in these experiments was not stated.) In

the same and subsequent experiments, the temperature threshold

for cataract production at the posterior lens capsule was de-

termined to be 49° to 50° centigrade. It was recommended that
theso thresholds be considered hazardous for man; that prolonged

exposure to microwaves at a power density of 120 milliwatts/cm?,

or greater, carried the possible risk of cataract formation. It
should be noted that these levels are far in excess of that which

can be tolerated by the body as a whole. Parenthetically, ultra-
tich-frequency radiation at an intensity of 60 mw/cm? is not ..
tataractogenic in experimental rabbits because it does not pro- - -

dice heating in the region of the lens.*

The steady state (Z. e., indefinite time) threshold for testicular -

‘amage in the rat is only 5 to 10 milliwatts of power density.

\rain, it is estimated that this threshold should pertain to man’s
. mnital area.t : e : e e

In a four-year study at the Lockheed Aircraft Corporation,l

Barron and Baraff* compared 226 radar-exposed employees to
'3 nonoxposed “control” subjects. An extensive system and organ

:=ventory of each person was performed at 6-months, and at 1-*

i*ar and 2-year intervals, with emphasis on ocular structures,
¢eniral nervous system, gastrointestinal and urinary tracts,
i~ ntapoietic system, and skin. These investigators uncovered
‘« pathologic changes caused by either single or repeated ex-

sures which varied from an occasional incidental contact with

“~ radar beam to as much as four hours’ daily close exposure -

"¢ periods up to four years. Exposures of several minutes a day
i dictances of less than 10 feet from the radar equipment were
»4 uncommon. Protective clothing was not worn while in or near
e tadar boams energized in the 400 to 9,000 megacycle rango
1 with occasional poak power output exceeding 1 megawatt.

ke incidence of death and chronic disease, sick leave, and
ridjective complaints was comparable in both groups. A high
mrcentago of oyo pathology was identified, but none with casual
~ivion to tho hyporthermia produced by the microwave absorp-

. Fertility studies revealed essontially the same findings for

© % wroups,”s exposod vs. nonexposed employces.

= short, tho majority of radars in common use today aro re-
uely low powored and as such do not induco pathologic
“anees in human boings. In the near futuro, howovor, radar
Y1 of much pgroator powor donsity undoubtodly will hocomo

510 .
Experimental work with animals® shows that cataracts can be. -
produced in’ rabbits by several minutes of exposure to power .

* densities in the range of 500 to 600 milliwatts/cm? The threshold . .- i
of experimental ocular injury for a single sustained exposure of
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operational, especially in the military services. This ‘-brin;jt
into focus the problem of “safe dosage,” which in the Armed
~ Forces®:” is recommended at not more than 0.01 watt/cm?. = -

A !‘act.or of considerable importance in determining safe le\'(;l'
. of microwave radiation is the distinction between averago ar!
absolute intensity. Most radar apparatus operates on a pulsatir;

rather than continuous output. For example, a specific rady

transmitter may use an intermittent signal at a frequency «
1,000 pulses per second, each pulse perhaps only one milliont
of a second in duration. In this case the average Intensity of tt
radiation is only one one-thousandth the pulse value. The heatir;
- effect of this pulsating radiation is determined by the average
rgther than the absolute intensity. Fortunately, the usual tect.
nics of measurement determine only the average intensity ar’
therefore the results are directly applicable regardless of whet!. -
the apparatus operates on a pulsating or a steady state principle.

Be that as it may, our radiation problems’aboard the guide!
missile cruiser did not end with differentiation of the safe (i

the hazardous areas of microwave emanations from the hi:! i} -

frequency radars for intercepting and tracking enemy targets. |

Another form of radiation, x-ray, was given off b e ]
Y, was y the klystu:

‘_.__,t_ube_s ~within the antennd™Uomes of the AN/SPG-49 radar.. |
Radiologic surveys were made by the industrial hygienist (V. Il. .
K.) at the Philadelphia Naval Shipyard before the U. S. S. ¢! |

veston was commissioned. These surveys revealed intensitics J§

of-x_—radiation at the immediate rear of the traverse memixs
housing the klystron tubes (with the “clamshell” open) as ki
as 10 roentgens per hour. This is about thirty times the pern.i=
sible weekly dose for occupational exposure.

Because the presence of these high levels of X-ray were re
antxc.:lpabed, eight men had had duties in this area during ir
termittent operation of the equipment for several weeks price
to the measurements. Although no record of the time each spect
in that area of ionizing radiation is available, it was estimat::
that several individuals may have received exposure for r e

than one hour, thus far exceeding the individual permis=itlt

weekly dosg of 0.3 roentgens. No symptoms of radiation sickne+
were experienced by any of the men presumably so expo-+!

and to date (six months later) follow-up ophthalmological exa~ -
nations have remained negative for cataracts. ° SRS

When the excessive levels of ionizing radiation were i
covered, temporary additional lead shielding of the klystro:
was installed at once, reducing the radiation levels well witt
the recommended permissible dose rates. Eventually, the klyst
tul?es will be replaced with new tubes provided with built-is
shields which will reduce the ionizing radiation to an nbsolute
minimum. Meanwhile, the following safety precautions wett
recommended: - : ) '

(Vol. X, No.* Wy 1959)

l. Traverse members (interior of the “clamshell”) to be designated-
controlled areas’in which the occupational exposure of personnel to
mdiation is under the supervision of a radiation safety officer, and - .
swwpropriately posted under supervision of the ship’s radiation safety
- dticer (a Medical Corps officer). : R :

2. Personnel having access to and working in said controlled areas

hall be monitored by film badges or pocket dosimeters during their . .-

sccupancy.

"1, Such personnel to receive instruction in safe working practices.

ind periodic physical examinations, in compliance with Bureau of
e dicine and Surgery Instructions. '

With the precautions listed above, based on scientific measure- '

vent of the intensity of the microwave radar beams and x-rays
daring actual sea trials of the scanning and tracking instru-

c~onts (AN/SPG-49), no hazard to the health and welfare of the

hip’s company has been encountered and none is anticipated. -
'MEASUREMENT OF MICROWAVE RADIATION -

The determination of the intensity '(poWer density) of micro-
save radiation requires special equipment not readily available

w+ ships. Furthermore, an understanding of the technic involved =
wquires a certain degree of familiarity with electronic principles

«wt commonly possessed by medical officers. It therefore would.
‘v superfluous to discuss the procedure in this article. For those
terested, practical details for the determination of power den-
ity at microwave frequencies are outlined in reference.® -

It is expected that in the not too distant future portable ap- -

euatus for measuring microwave radiation will be available for.

wwutine  use in the power-density determinations aboard the

. . 8. Galveston. Meanwhile, neon lights will glow when ex-
sl to microwaves producing approximate energy of 5 or 6
-illiwatts per square centimeter. Photographer’s flashbulbs will

Yee” at 1 or 2 mw/cm?. As practical safeguards to avoid ex-

“ssive exposure to radar waves, they are ideal.
' SUMMARY

‘licrowave, nonionizing radiation (radar beams) in sufficient
iftensity can. produce testicular damage, lenticular and corneal
eacities in experimental animals, and possibly even death fron
“ooling® of viscera by excessive diathermy. - :

fonizing radiation (x-rays) in sufficient intensity will initiate
 “acute radiation syndrome”®; low doses over long periods of

' are cumulative, increase the incidence of malignancy and

“-<ihly may shorten the life span or produce undesirable genetic
tulations, A comparison of the major aspects of ionizing (x-ray)
s nonionizing (radar) radiation is presented in table 2. !
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Both types of radiation (1omzmg and nomomzmg) were or-

countered aboard the U. S. S. Galveston at hazardous levels;
some personnel were 1nadvertently exposed to presumably o.

cessive doses of x-ray prior to commissioning of thls vossol,

but without ill effect, then or snx months later.

TABLE 2, Comparison of major lactors of ionizing (x-ray) and nomomzmg (radar)

radiation
Factos P .X-.tay . e : R‘adar ..
(ionizing radiation) (nonionizing radiation)
Etiologic
agent Alpha particles Microwaves (tadar)
Beta particles Radio and television
Neutrons Infrated
X-tays Visible light
Gamma rays Ultraviolet
. ’ vCpsmic rays .
Unit o} - : ' I
%] ‘Roentgen Wartts per square centimeter -
o Roentgen—eqmvalent-man (rem) ) : :
Mechanism Ion-pairs : o Dielectric effect =
s . . | Dipolaraltetnation=
N o ] S , Molecular motion; heat
Clinical In man: ) In animals:
Acute radiation syndrome - Cataracts ©
Prodromal . . Testicular damage
_ Cerebral * Hyperthermia
Gastrointestinal - Nectosis of gut
. Hematopoietic Hypetpyrexia
Cumulative effect Death
Genetic damage
Shortening of life span (?)
Leukemia
Carcinogenesis
Moaitors Geiger counter Microline tadiometer
-Film badge Neon lamp
Pocket dosimeter Photographic flashbulb -
*Safe® : .
dosage 0.05 rem/day or 0,300 tem/wk .01 watt/cmz-—may be
but not over 5,000 rem/yr continuous (10 milliwatts’
per square cm)
No time limic

Temporary measures have been taken thh complete success
to protect the crew from both types of radiation, and other maxe
effective moasures are proposed for the future. Small neon lari*
(series NE-51, USN) will glow at 5 to 6 mw/cm? and plot-
grapher’s flashbulbs will “dotonate” at 1 to 2 mw/cm? of powes
density. Thus, thoy are excellent practical snl’eguards to provest
ovordosago of pommmol :
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Tho seriousness and irreversibility of overabsorption of both -
wpes of radiation, and the usual absence of symptoms at the
tmo of exposure, warrant the most careful precautions and safe-
guards to give the crow adequate protection from these potential

- yazards. In the last analysis such matters are problems of public .

sealth and preventive medicine and are of vital importance to
rilitary as well as civilian personnel. This entire area is a
ptimo responsxbxhty of the medical ofhcer, both ashore and
»flonat, ’
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HEALTHY PARTNERSHIP

I. believe the goal of a healthy citizenty is a challenge
to all of us in the health profession, both in and out of gov-
crament. It is a challenge that calls for concerted and cooper-
ative action by all groups that have a stake in better health,
We in government would like to be a helpful partner in this
vast enterprise. The results of the years of partnership be-
tween the government, the people, and the medical profession
are evident in every phase of national health. We need only
to move forward together to achieve even better health care
for the people of this country—Aims C. McGuinness: The
Role of the Federal Government as it Relates to Medicine.
Southern Medical Journal, December 1958,



