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Ionmnm radiation and its effect uvpon men and
mater{als hias developed into a mwajor military problem.
Radiation !becama a casualty producing agent with
the in of nuclear weapons. Radiatidif is
produced 4t the time of the explosion and continues
with dﬂcrmug intensity from the residual radicactive
materiak and from neutron mduced radicactivity.
Rainout anid fafiout from atmespherically borne radio-
active may contaminate huge land masses with
psycbolog:qally annoying or lethal levels of ionizing
radiation t0 human beings. Similarly ships and air-
craft may b amno;rmgly or dangerously contami-
nated by openton in and through contaminated at-
mospheres | |or waters. For the Navy, radiation
problmahemtﬂnnmdtoﬂ\emualmofnuchar

warfare. The development of ship pro-
pulsion h:Luclm reactor generated power Is spread-
ing thmughout the ficet. From niuclear weapons and
thnmduudurrmctmforpmr, naval personnel
muy be w small doses of gamma rays and
neutrons at all energles over long perlods of time.
Reactor accidents although highly unlikely may ex-
pose tnaval | to high doses over a short period.
A problem ) to the Navy is the concenaation of
mumﬁnbnpmducu in marine life growing on the
dnps’butm+m In peacetime maneuvess and traififing
there is 2 harard from the components of nuclear reac-
tars, radiation from spent fuel rods, leaks in nuclear
weapont systems ( tritium gas), accidental nonnuclear
explosions of nuclear weapons systerns (contamination
of wuunds, inhalation or ingestion of plutonium and
uranium). ' These are just a few of the potential radia-
tion probleins with which the Navy of today is con-
fronted. Exposure to radiation may result in acute
injury or may produce injury that remains hidden in
the information system of proliferating cells that is
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III. RADIATION BIOLOGY
E. P. Cronkite

expressed years later as Jeukemia, diminution in
longevity, cataracts, etc.

The understanding of ionizing radiation in all its
forms and knowledge of its effects on living things
commenced less than threc score and ten years ago.
In 1895 Roentgen discovered X-rays. In 1900 Kassa-
bian commenced the description of radiation derma-
titis of his hands that would later result in radiation
cancer followed by amputations and ultimately his
deathin 1909. In 1905 Emsttin formulated the theory
of relativity which laid the theoretical background
for the ultimate development of nuclear cnergy. In
the period 1885 through 1940 there was intensive
study of radiation effects on living tissue. These
wert pursued vigorously, particularly in France and
Germany initially, and later England, the United
States, and ekewhere. Of particular note are the
pathologic and hematologic studies of Heinecke, La-
cassagne, Fabricius-Moller (Denmark), and many
others which form the foundation upon which quali-
tative pathologic and hematologic cffects of radiation
are still basad. In this period, however, studics were
primarily focused upon local [rradiation and were gen-
erated from the desirc to improve radiation therapy
of cancer in addition to obtaining & basic understand-
ing of the mechanism of the effects of ionizing radia-
tion upon dsue. In 1932 ¢e introduction of the
roentgen unit as an adequate measure of the radintion
delivered in air brought radiation biology to the level
of 2 quantitative science. The neutron was discovered
by Chadwick in 1932, Nuclear fision of uranium
was observed by Hahn and asociates in 1939, In
this ‘year Einstein communicated to President Roose-
vclt the ideas of nuclear physicists upon the military
possibilitics of atomic energy and bombs. Government
support of fundamental studics on nuclear fission was
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to detonation at a depth many thousands
th the surface. The specific objective of
the tests be to ascertain the strategic and tactical
significance of the atomic bomb as affecting the futurc
composition| and employment of armed forces and
determine what changes would be required in naval

third priori
of feet

design and tion. Since jonizing radiation had
become y & new type of casualty producing agent,
biological ies were to be an imtegral part. The
Naval Research Section of Joint Task Force
One was organized under Rear Adm. T. A. Solberg,

USN, Director of Ship Material, by, Capt. R. H.
Draeger, M{C, USN, of the Naval Medical Research
Institute, who was appointed a5 Commanding Officer
and Capt.
pointed as Executive Officer of the Naval Medical
Research Unit.  As a result of his known distinction
in ion/ pathology and participation in these tests,
Warren became the first Director of Division of
Biology and Medicine of the U.8. Atomic Energy
Cum.mmcq. The USS. Burlason, APA 67, was
designated as animal and laboratory ship and ordered
to the U.S| Naval Shipyard, San Francisco, for re-
modeling into & sophisticated Iaboratory and anipal
Tt S sy o Lo
t.

|

The ical program was designed to test the
effec of radiatdon against living animals and
to study burns and blast effects.  Aboard the
ship were 200 swine, 204 goats, 60 guinea pigs, 5,000

rats, and 2 mice to be used in the studies. Major
accomplishinents of the radiobiological program were:
(@) The ination of the makbility to predict satis-
hmﬁ%dmaf@mnmthm ships thus demon-
strating the absolute necessity for development of
satisfactory) dosimetric techniques. (b) That radia-
tion could Fr. a lethal agent under conditions where

* ships are not destroyed and individuzls beneath decks

are protected from thermal and traumatic injuries.
{¢) Several new dosimeter devices and methods were
tested and 1o be of limited effectiveness. (d)
Foliowing thst BAKER, the underwater shot, the highly
lethal atube of radiation from the base surge and rain-
out over a (wide area was demonstrated in ships, with
animals beneath decks, in which the ships suffered
minor physical damage but In which the animals died
within Sﬂ; 4 days following the exposure from pure
radiation injury. (¢) The flora and fauna which grow
upon the bottoms of naval vewels were shown 1o con-
centrate significant radioactivity from the contaminated
sca water, | (f) The large animal studics at Operation
CROSSROADS clearly demonstrated the feasibility of
!

™-2as Olﬁll-’

Shields Warren, MC, USNR, who was ap-
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dividing radiation injury into various categories de-
pending upon the rapidity of the development of leuko-
penia and the tempo with which the signs and symp-
toms appear. (g) Furthermore, it appeared, although
there were inadequate contral studics, that antfhiotica
and fresh blood transfusions were beneficial. (k) The
predominance of gastrointestinal symptomatology and
injury in the very high dose groups was suggested.
(i} In the [ethal dose range where there was a spon-
tancous possibility of survival, the predominance of
overwhelming infection was conclusive. The path-
ology and lethal dose studies clearly showed that an
underwater atomic bomb explosion produces mmch
more lethal ionizing radiation over 2 larger area due
to the base surge and the radicactivity that comes
down in the rainout.  (§) Pathology studics gave con-
firmation of the clinical and heomatological studies

" during life. The histopathological smudies of Lt

Comdr. J. L. Tullis, M}, USN, on the Bikini animals
pointed out for the first tme an important exception
to the law of Bergonie and Tribondeau, namely, that
the stem cells of the lymphoid organs, the bane marrow,
the testes, and the ovaries are more resistant than the
more mature cclls. This important basic observation
in radiation biology was made as a result of applied
studies in the ficld.

Partial or complete failure to attain certain objec-
tives clearly definc certain problem areas: (a) The
quantitative relationship between the dose of radiation
and ultimate mortality in diffarent species of animals
was pot determined because of failure of radiation
dosimetry and/or the difficulty of computing the dose
bencath such a complicated shielding system as exists
in naval vemels thus demonstrating & great need for
development of Tefined dosimetry of the initial bomb
radiation and residual radiation fields, (&) The com-
plicated shielding configurations from ships' compart-
ments, bulkheads, apd machinery which “shadow
shielded” animals demonstrated the neccasity for per-
forming inhomogenous irradiation of animalk. {¢)
The necessity for dose rate and lethal dose studies
combined with histopathologic and hematologic studies
was clearly demonstrated after the BAKER contami-
pating test. (d) The presence of combined thermal,
mechanical, and radiation ipjuries was shown clearly
thus indicating & new field for study in the laboratory.

The sericus health problems of surface ghip radio-
active contamination, and entrance of fission products
into the Life cycle of marine flora and fauna growing
on ships® bottoms were problems that could not be
handied at NMRI and necessitated a ncw laboratory
cmbracing a cross-disciplinary attack of physics, chen-
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under Capt. R. H| Draeger, MO, USN and Comdr.
R. H. Lee, MSC, USN, was formed in order to plan

for further field tesls.  Intramurally systematic patho-
logical and ical studies on swine, goats, dogs,
and small In order to dissect systematically

the pattern of radiation injury as a function of dosc,
pexcent mortality, (varying depth dose patterns, and
varying doss rates commenced. In conjunction
with these investigati comprehensive depth dose
itudies were insti by the Radiation Technology
Division under » W. . Chamberns, Jr, MSC,
USN. !

The jnternal {ollaborative studics between di-

visions  at rapidly began to bear fruit
As = result of col tion between the Pathology and
Radiation T Divisions, the vital role of dif-

fering depth dose patterns upon the mortality of radia-
tion was dﬂnonmrzed clearly. For the same amount
of radiation in air a more homogenous distri.
bution within is significantly more lethal. These
studies clearly ted out the necessity of eventually
determining the dose¢ pattern of the initial neu-
tron and gamma [radiation from nuclear bombs and
the depth dose pattern from radistion that might
dwelopinmyr*xﬂitnryﬁmaﬁminordumnsms
the military hazapd. Thus one was confronted with
two primary md(equauy important problens, First,
it was necessary to work out tachnigues for delivering

reproducible th dos¢ patterns in anbmal from
whole body ion in order to study hematological
and pe affects and to evaluate potentisl
therapeutic or ylactic agents. Second, it was

out the techniques for practical de-
termination of depth dose patterns for the Iaboratory
which could be tised in the fisld while testing future
atomic boxnbs. !

For the dosimetry, the Radiation Tecknology Divi-
sion developed sall Sievert type ionization dosimeters
that could be plated at muccessve depths in tissus equiv-
alent phantoms| for measuring the tisue dose. In
addition, & sophisticated array of film and phosphor
dasimeters were also developed for use in paralle] with
the mnall ionization chambers, With these techniques,
pmdsememm:mnuoflhedjstn'butimofthedosc

{
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within tissue equivalent phantoms wers made for the
1-Mev X.ray machine at the Naval Gun Factory, the
2-Mev X-ray machine at the Naval Ordnance Plant,
and the 250.kvp therapy unit at NMR1. In addition
they were utjlized to measure the air dose and scatter
from the exposure equipment under different condi-
tions of scattering material The role of scattered
radiation and the carefnl design of exposure equip-
ment to assare reproducibility and to include scattered
sadiation in the biologic cffects were succesfully ex-
ploited by F. Ellinger. It was shown early that the
most practical means of having a reproducible depth
dose pattern in animals of varying sizes was to deliver
half the dose to each side of the animal. Thix tech-
nique was thoroughly cvaluated from a biological
standpoint and thown to be acceptable for controfied
studies of radiation mortality and therapy of radmation
injury and has now bocome a standard technique in
radiation biology laboratories.

The radiation {from a nuclear bomb iv directional
and it was pecessary to try to simulate bomb radis-
tion. In order to accomplish this it was first necessary
to await field tests in order to determine the depth
dose pattern of the initial radiation from a nueclear
bomb and also to see if depth dose pattern varied with
distance from the explosion point. An opportunity
to initiate these studies 'would not appear until 1951
during Operation GRERNHOUSE.

Between 1346 and 1549 a broad biclogical program
on the hematological and pathological effects of radi-
ation and the modification of radiation injury by chem-

~al means was launched jointly by the Henatology

Division (E. P. Cronkits) and Pathology Division (].
L. Tullis). For chemical prophylaxis against radiation
% program was developed for study of sulfhydry! com-
pounds which was based upon the works of E, 8. G.
Barron of the Univenity of Chicago {consultant 10
NMRI} who had demonstrated that the addition of
glutathione (GSH) to cozymes would afford consid-
erable protection againt the inactivation of these en-
zymes by radiation in vitro. However, in order to
evaluate the effect of ghutathione {or other substances)
it was first necessary to establish precise methods of
bioassay of radiation effccts, This involved not only
precise techniques for the irradiation of the aniroals
but also & very careful randomization and statistical
selection to avoid introducing bias into the expen-
ments, and careful maintenance to prevent introduc-
tion of infection into the irradiated colony after ex-
posure. Utilizing the radial beam of the 2-Mev X-ray
machine at the White Qaks Naval Ordnance Labota-
tory it was posible to cxpose animals at dose s
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of 32 r per minute and simultancously exposc up to
512 animals o that an entire LD, curve conld be
determined simultaneously for the treated and control
animals, It demonstrated that ghatathione when

administerod | prior to irradiation would significantly
protect, doubling the LDy, dose of irradlation.
However, amounts of glutathione that produced
this degree of protection verged on being lethal them-

tly and shortly before demonstra-

tion of by glutathione at NMRI, the Ar
gonne Nati Laboratory demonstrated protection
by cysteine, These were the first two
clear-cut dethonstration ofﬂnﬂpahiﬁtyofpm'
ing againgt mudiation by the administration of chemi-
cal substances prior to irradiation, Systematic studies

med on the nature of the sulfhydryl pro-
as demonatrated that the protection was
mly while a significantly increased concen-
thydryl compounds existed within radio-
sensitive timles exsentia] to life. It was further shown
that only ﬂ’+it tissues that concentrate the sulfhydryl
compounds are protected. For example, the tcsticle
does niot i the concentration of ghatathione fol-
lowing its acministration and is not protected. The
preceding whe based upon cxtensive studies of tissue
distribution land plasma clearance in diverse specics

and then studies upon the rate of development
of atrophy of tisues following irradiation.
When » iclinicaily interesting was re-

ported in the literature as having a protective effect
against radiptien, it was checked with the techniques
aviilahle att NMRI for assay in irradiated mice. 1t
was miccessively demonstrated that none of the rutin.
flavonoid group of compounds were of benefit as
claimed by pthers. It was further demonstrated that
vitamin B, folic acid pyridoxine, and other substances
reputedly of benefit were in reality, when adequately
tested in a statistically sound system, not protective.
Attemnpts were made to develop oral & ryl com-
pounds in ponjunction with the Schwartz Chemical
Co. but this was vnsuccamful. The sullhydryl pro-
teehonwhzkh initially appeared promising and poestbly
useful in protecting military personmel against radia-
tion was given up because of the high toxicity and the
imability 2 maintain & prolonged prosective level of
sulfhydryl compounds in the tissues of jrradiated ani-
mals. It is of interest that the entire sulfhydryl pro-
tection was reopened by the U.S. Arny Med-
ical Department in an extensive program aimed at
obtaining [protective compounds. The pathological

picture of wlfhyd.ryl protection was performed in con-
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nection with G, Brecher at the National Institutes of
Health (NTH). This study demonstrated the ana-
tomical site and the cells from which hematological
regeneration commences and gencrated a long and
fruitful series of collaborative studies between Hema-
tology Division, NMRI, snd Pathology Division, Na-
tional Institute of Arthritis and Matabolic Discases,
NIH,

Also in this period the Pathology Division systemati-
cally studied the pathology of radiation injury particu-
larly of the gastrointestinal tract as a function of the
dose of radiation. Later studies by Capt. R. B, Wil-
Hams, MG, USN, 1955-60, on the guantitative effects
of radiation on cell preliferation in the gastrointestinal
tract have become ¢lassical basic studies on the effects
of radiation on mitosis, regeneration, and DNA syn-
thesis in the bowel,

A clinical analysis of the reports of the Jaint Com-
mission and of the Atomic Borb Casualty Commission
were undertaken and from these and studies on labora-
tory apimals the now useful clinical subdivision of the
radiation syndromes were developed and latcr were
incorporated inte the USAEC's test on “Effects of
Nuclear Weapons." It was shown for practical pur-
poses that one can divide radiation injury of man into
three categories: (i) survival improhable, (i) sur-
vival passible, and (iil) survival probable. Simple
clinical observations determine in which category a
patient probably belongs thus setting a basis for triage
in the event of mass radiatian casuslties. It was fur-
ther shown simultaneously at NMR] and ebewhere
that radistion syndromes in animals vacy with the dose
of radiation received and the time after exposure.
After very high doses of radiation of the order of many
thomands of roentgen units either to the head ar to the
whole bady, a typical syndrome develops characterized
by signs and symptoms associated with the central
nervous systam and thus was called the CNS syndrome.
This appears either during or shortly after exposure
and is uniformly fatal, Aftar doses of 800-2000 r,
a symptomatology develops that is characterized by
gastrointestinal symptoms which include a stable sur-
vival time in mice of 3 to 4 days and has in general a
100 percent mortality in ail laboratory animals, In
1953 and 1954, it was shown by Conrad et al. that ex-
tensive administration of plasma and fuids o dogs
with otherwise fatal gastrointestinal would
prolong life by preventing death from shock and thus
allow sufficient time (or spontaneous regeneration of
the bowe! from the histological standpoint.  This was
the first demonstration of successful therapy of the
gastrointestinal injury. The pathologic studies on
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bowel
lahorative

ticn were another extension of the col-
k commenced earlier with NIH.

After of radiation in the lethal dose range it
wis clearly that the gastrointestinal symptoma-
tology is relatively flesting and that the cause of death
is related to the aplasia of the bone marrow, producing

outcome within 1 to 2 woeks and later
susceptibility 1o spontaneous bleeding.
dosa range the first cause of death
maxy be infection and Iater exsanguinating hemorth

or fata] hemorrhage into a vital argan. Th.ucla£
¢ation of the radintion syndrome produced by whole
dintion is in general use today.

hotogy Division evatuated the effect of radia-
gocytosis by the reticuloandothelial sys-
he clearance rate of radinactive colloidal

body lonising radiation injury in the lethal range does
not infly xignificantly the capability of the RES
system to phigocytize foreign material within the blood
stream. Thys was the initial study on the effect of
radiation the capability of the reticuloendothelial
systemn  to | phagocytize. Subsequenily, numerous
studies in laboratories throughout the world

pxtenaively studied the effects of lonixing
radiation upon developing teeth in rats and in swine.

ion, studics upon the camposition of saliva
mpde. These studies have become clasgics
in the field ¢ theaﬁecmu{radiaﬁononmltissues.

that more basic information was required. Collabora-
tive studies| with the Hematology Division, NMRI,

ﬂuﬁlin total body X-ray irradiated dogs, uleer-
atwegmgnmndcvehpeddurmgﬂmcarlystagad

depmnon,mnhngthefulmmmxgm‘ge
as the animals became moribund.
The Bikihi test trials presentad an opportunity to

obeerve the|effects of high energy gamma irradiation.

These studies showed that the ameloblast was especially

mepﬂbhhohjury,hamgnpmwnoedeﬁecton
tocth. Hemorrhage within the follic-

ululuw & common observation.

The effedts of bilaterally applied X-rays to the head
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and neck of dogs, in doses ranging from 1000 to 1750
roentgens, yiclded further valuable information.  Sali-
vary gland parenchyma showed evidence of severe
injury, foliowed by bizarre changes in glandular cell
architecture. Cell damage proved to be irreversible
at higher dose levels. Dosimerry measurements inds-
cated summation at the midline.

The metabolism of exteriorized salivary glands in
the rat was affected by X-ray irradiation, these changes
being especially noticeable in various enzyme systems.

Pield smdies at Freochman's Flas revealed that
many dental materials bacame dangerously radicactive
after capture of thermal neutrons when released by
muclear explosions. Current studics are now In prog-
ress regarding the effect of thermal and fast neutrons
on oral tissues and dental restorations.

A scries of studies was performed an irradiated ani-
mals in order to determine whether radiation was
different from any other type of stress. Tt was clearly
shown that radiation did not differ significantly from
other types of stresses, that adrenalectomy sensitizes
animals to irradiation, and that there it a significant
increase in excretion of 17-ketosteroids in the urine.

The Pathology Divition (Brown, Hardenbergh, and
Tullis) systematically studied the influence of irmdia-
tion upon the biochemical, celhular, and bacteriological
cantent of thomacic duct lymph and blood in normal
dogs and in dogs exposed to 500 r total body X-radia-
tion. The white blood call concentration of lmpyh
dropped precipitously and sttained minimum values
within 4 hours after radiation and remained at this
low level throughout the period of observation extend-
ing as long as 4 days after radiation. The cultures from
blood and lymph remained sterile indicating that
phagocytosis wasa not impaired since the animals d&id
develop known infections.

In 1949 Opanation GREENHOUSE was established
a3 a joint Army-Navy-Air Force operation for the stady
of nuclear borah effects. This tumned out to be the
operation in which the first thermomclear bomb wis
exploded. Biomedical studies were a major part of
the operation, Since the operation was to take place
over a prolonged period of time and a laboratory ship
had been found unsatisfactory at Operations CROSS-
ROADS animal colonies and laboretories were built on
Japtan Island at Eniwetok. These biomedical studies
initiated a jong and profitable cooperative program
batween NMRI, Los Alamos Scientific Laboratory
(LASL), U.S. Naval Radickgical Defense Labors-
tory (USNRDL), and the Division of Biclogy and
Medicine of the U8, Atomic Energy Commission
(USAEC). The Operation GREENHOUSE bio-
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was & major undertaking in terms of
pulonnd neyformhafﬂwpuﬁﬂpahnghbw
the majority of the staff of the
MedmneDivision. 'I'!noh)ectvuof

radiation on large animals and on mice;
ion of whether the rapid dose rate
‘effective than the ordinary dose rates
tory; (¢) the relative biological <f-
energy gamma radiation; (d) the
cffectiveness of the fission neutrons
; (€) thccormlntionofthepaﬁmlogy

field; and (k) 2 long-term study of
to determine the late effects and, in
effect relationship with development of
. Becameoflgmmlpohcyofﬂle
Defense the studies on carcinogenesis
were not for NMRI. Accordingly, it was
necessary to find a satisfactory laboratory to under-
take thesc studies on the surviving mice. Fortunately,
Jacob Furth of the Biology Diivision, Oak Ridge, agread
to undertake this initial study. The ohjsctives were
clearly t to thc biomedical groups at NMRI,
USNRDL, arid LASL. In order to attain these ob-
jectives numebous planning groups were formed and

itions of swine and dogs in the tropics

ity of radiation for dogs, swine, and
mice were ed at NMRI, NMRI accepted the
respongbility and through the Bureau of Medicine

and Surgery nized BuMed Unit One which pro-
ceeded to Eniwetok Atol! and participated in the
building of atories and animal facilities and the

breading of expensive colonies of LAF, mice, swine, and
dogs for the jexperimental studies, The subsequent
operation of the colony was a joint NMRI and USN-
RDL project] The mouse colony produced 16,000
healthy hybrid LAF, mice on time for use at the specific
weapons tests] The large animal colony produced 281
dog:ofﬂmapl{pmpﬁate:inand%ﬂswimforthetﬁts
on schedule.

The total estimated cost of this formidc;
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able task on a tiny island in the mid-Pacific for the fiscal
years 1950 and 1951 was $3,320,000, The later highly
successful studics on the biological effects of radiation
would have been impomible without the successful
completion of NMRT's and USINRDL’s mission in pro-
v@ngthereqmmdnumheroimnnalsof desired agc
and size on specific dates.

The animal exposure equipment was designed and
mpartbmltatNMRImordm'topmtoctlnimﬂs
against the thermal blast, and secondary misile effects
for the study of radiation injury. This part of the
program under Draeger’s direction was highly suc-
cessful.  All equipment operated satisfactorily, at-
tained the aims, and also protected the animals against
the harsh environmental conditions of the tropical
wn. Depth dose studieg in tissue equivalent phantoans
were carried cut at NMRI under the direction of
Comdr. W, H. Chambers, MC, USN. [ts initial
partial success formed the basis for further more
refined and sophisticated studies during field tosts
in Nevada by Champbers and his radiagon tech-
nology group. The results obtained at Operation
GREENHOUSE were manifold of which perhsps the
most significant attainment was the demonstration
that competitive Jarge laboratories such as NMRI,
USNRDL, and LASL could work in harmonious and
fruitful collaboration in the field, many thousands of
miles away from base operations. The concrrte scien-
tific accornplishments were: {2) Establishment of the
LDy of atomic bomb gamma radiation for mice, dogs,
and swine; (b) The high dase rate of atomic bomb's
gamma radiation was shown not to be signficantly
differcat in biologic effect than the ordinary dose rates
used in the laboratory; (¢) A first estimate of the rela-
tive biological effectiveness of the fast neutrons was
obtained primarily by the Los Alamos scientific group
and shown for acutc cflects upon spleen-thymus weight
pot to be in excess of 2; (d} It was clearly demon-
strated that hemorrhage and infection were the major
causes of death in the lethal dosc range in swine and
dogs; (2) The granulocyte count was shown to be 2
very useful sign to prognosticate the probability of
survivors.  Similaxly, platelets were also found 10 have
a clear prognostic value; (f) The role of the thrombo-
cytopcnia was clearly desnonstrated as being of major
importance in detcrmination of the cause of radiation
blesding; (g) With the clear establishment of the
major causes of death in the lethal dose range, studies
on therapy of radiation injury were clearly pinpointed
to evaluation of the role of platelct transfusions, leu-
kocytc trangfusions, and antibiotics.

Prior to concentration of cfforis for Operation

13
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GREENHOUSE by the Hematology Division, the

problem of tion bemorrhage was attacked. It
had been publigh bymhmselsewhereandwiddy
acu:pmdthu 8 hemorrhage was primarily due

”lndiwnndlnlydlletothmmba-
pania. Wh saf this concept was accepted st Opera-
tion CROSSROADS further studies 2t NMRI led ™

the belief that “heparinemia” rarely if ever developed
in the ated dog. Since other NATO member
nations were contemplating stockpiling of antiheparin

drugs, # comprehensive attack on heparinemia was
comtnenced, In this study an officer of the Royal
Army Medical Corps perticipated, Maj. R. T, Lundie,
in part along with G. V. LeRoy. The heparinemia
concept was shown to be incorrect and antiheparin
agents to be of no clinical value in dogs. Thus efToris

on the study of the thrombopenia were intensified.

In 1949 it wa recognized that a reliable method
for platalet ting was needed before ope could
study reliably the relationship of platalets to bleeding.
In conjunction Brecher of NIH, a method for
the enumeration pf platelets involving dark phase con-
frant microscopy pnd a new anticoagulant was devel-
oped which has a widespread platelet counting

of the rad:ohuology staff of NMRI
for Operation GREENHOUSE, =
Hematology Division continued
of radiation hemorrhage. It was
that the tendency to blced in imradi-
ated animals correlated with the thyombocyto-
penia and that all in vitro coagulation tests could be

hrought o ity by the addition of separated
platelets.

Upon yeturn of, the Hematology Division to6 NMRI
and upon completion of the Operation GREEN-

HOUSE reports, the endeavors were aimed at estab-
lishing an effectiye therapy of radiation injury, It
appeared logical |that platelet transfusion, leukocyte
transfusions, and Antibiotics would be effective against
radiation injury. | The first aim was the development
of methods for et transfusions.  First, and again
in conjunction Brecher of NTH, » method for the

satisfactory of platelets was accomplished,

Parenthetically, this method with miner changes is still
in wse in clinical medicine for platelet transfusions
todey. Second, the effectiveness of transfusions of
fresh platatts juto ircadiated anirals at levels of radia-
tion known to 100 percent bieeding was
evaluated. It conclusively demonstrated that
platalet would prevent the development of
bleeding in provided a platelct count be main-
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tained above about 50,000 per cubic millimeter. Fur-
thermore it was shown that platelet ttansfusions could
stop bleeding thet had already commenced. This was
the finst clear<cut demonstration of the upeguivocal
role of the platelet in the pathogenesis and the preven-
tion of radiation bleeding,

During this same titne perfod collaborative studies
with K M.Bﬁnkhous,Univu:ityomeﬂl Caroling,
demonstrated that an factor (AHF) was
not involved in radiation hemorrhage thus showing in
abam:study that AHF is not produced by lymphocytic
tissnes since the studies were performed while the lym-
phocytic tissue was aplastic.  Studies in collaboration
with L. M. Tocantins, Jefferson Medical College, on
plasma antithromhoplastin  were  commenced  and
shown to be increased.

Next, methods for the separation of granulocytes
from fresh canine blood were akso developed in col-
isboration with Brecher, NIH. It was shown that
the transfusion of freshly separated gramulocytes into
irradiated dogs would reverse the histologic picnure.
The transfused grannlocytes migrated to sites of infec-
tion and successfully prevented the widcspread dis-
semination of bacteria. However, the animals would
then die from extensive hemorrhage. The studies on
platelet and granulocyts transfusions clearly dewmon-
strated the easential role of these circulating cellular
bodies in the pathogenmis of radiation hemorrhage and
infection but unfortunately were not successful thera-
peutically because the levels of irvadiation were inade-
quate to completely suppress the immune responses and
after 2 to 3 weeks antiplatelet and antigranulocyte
substances were produced waking it impossible to con-
tinue to maintain satisfactory levels of platelets or
granulocytes; thus ths antmals died Pruhmmry
studies on the combined use of fresh blood and anti-
biotics suggested that these would be of value in in-

<>creasing the survival rate of otherwise fatally ircadiated

animals. This has subsequently been thoroughly dem-
onstrated in many other Laboratories.

The studies performed shewhere had shown that
the original Jacobsen (University of Chicage) con-
cept of humoral protection against irradiation by
splenic suspensions was not correct and that bome
marrow or splesn cell suspensions protected by trans-
plantation of a stera ccll that repopulated the depleted
bone marow. At this time an extension of the col-
lshorative work with NIH involved a study of the in-
fluence of parabicals upon survival of irradiated rats.
Parzhiosis was initiated before irradiation and only
one parabiont was given a fatal dose while the other
was lead shielded. The protection was dramatic and

.
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y proved that the protective cell or “humor”
sugh the blood, Subscquent studies alse-
dusively proved the protection to arise from
that can be concentrated from normal hlood,

ing parabiotic protected rats were studied.
irpals had been protected from an otherwisc

¢ to study further the biological effects of
fiation under laboratory-controlled condi-

shislded to form a cylindrical pastern around
chamber, Two years later, the cobali-60
to increase the source to 230 curics.

were evidently two things that needed
further. First, the problems of dosimetry

Division clearly established the depth dose
ic bomb gammna radiation in Hsme
phantoms. In labaratory studies it was
that this depth dose pattern could be
simulated by the 10-Mev betatron at the Naval Ord-
(NOL). At Opcration UPSHEST-

today. is is of particular significance because at
the time of Operation UPSHOT-KNOTHOLE there
was 1o clear appreciation that fallout was o became
later & hazard to human beings since the

Operation CASTLE in 1954 had not yet
It is of interest to record the conclusions
of the iation Technology Group in 1953. “The
depth curve of the high energy component in
the case of a fallout area 3.3 miles from ground zero
shows a nx uniform distribution of doge throughout
the pbantan than docs the depth dose curve obtained
from the initial radiation. Therefore, the effects of
a given of radiation from a residual field could
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be more scrious than those from the initial radiation
becausc of (a) the relative uniformity of the field
of radiation which produces a more uniform dose
throughout a man’s body, and () the additional pres-
ence of the readily absorbed radiation.” In addition
to the establishment of the fiat depth dose curve from
a fallout ficld beta/gamma ratios were also presented
The preceding is a distinet example of the forward
thinking in planning and making physical measure-
ments of biological importance before the establish-
mcnt of a real biological problem by expcrience or
accident.

In Operation TUMBLER-SNAPPER there was
again a fruitful collsboration between NMRI and
USNRDL aimed towards establishing firmly the rela-
tive biological effectivensn of the necutron component
of fission bombs. This was successfully accomplished
showing the RBE to be approximately 1.6. In addi-
tion, for the first time, the peculiar neutyon induced
3- to 4-day death of mice, was established. In addi-
tion, during Opcration TUMBLER-SNAPPER bio-
logical studies on mice dvmonsirated the presance of
an as yet unknown high fiux of neutrons that could be
a casualty producing agent to troops in the ficld. This
was shown prior to physical measurements and com-
puatations in conjunction with the testing of this
cxperimental tactical weapon. This emphasized the
significant contribution of biological studics to the
understanding of weapons effects. The mouse is a
superb integrating radiation desimeter under certain
conditions.

In carly 1952 the USAEC was planning a scries of
experimental and test explosions in which a major
effort would be devoted to making studies pertinent to
civil defense. The USAEC requested the Department
of the Navy to permit Comdr. E, P. Cronkite, MC,
USN, of NMRI to be the program director for the
biological programs and to organize a collabarative
study between NMR1, USNRDL, Oak Ridge National
Laboratory, LASL, Lovelace Foundation, and variots
universities that desired to participate in basic scien-
tific radiobiologic studies and in the evaluation of the
AEQG prototype shelters in respect to protection against
blast, theymal, and ionizing radiation. A comiprehen-
sive program of basic and applied nature was forou-
Jated and satisfactorily executed and reported. The
radishiclogic studies performed jointly by NMRI and
USNRDL showed that the prototype shelters were ex-
ceedingly good shields against gamma rays and neu-
trons. The other objectives of field testing lsted earl-
jar with the cxception of the depth dos¢ pattern of
fast fission ncutrons were repeated with the same re-
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sulty, Thuﬁdd atomnic bormb studyc}en:lypmved

OpemtimUPSHOT-KNOT-
group had developed a2 methed
Bux and energy by fision foil
, utilizing the NMRI gamma de-
Ridge fimion foil detectors, an
G. Imitle and the Brookhaven
group under V. P. Bond studied
the comparative peutron and gamma depth dose pat-
that gamrna and |neutron radiation cannot be added
rad for rad, corrected for RBE in thin foils in air to a
meaningful dose because the neutron depth dose curve
falls off myuch mpre rapidly than gamma depth dose

curve, thus indicating ﬂmpq-radfutnmtmmpmb—
ably are not as leths upenmung gamms rays.
Onperation {1954) was designed as & full
scale test of themonwclear devices, There was no
plannad hiclogichl program by NMRI. On 1 March

954!0110wmg h detmatimnfaﬁmegatma:men-
mentat device at ground level an uncxpected change
in the wind pattprn resulted in the deposition of large
aroounts of fallqut upon stolls inhahited by the Mar
shallese, American servicemen operating a weather
station, wpon the task force, and upon a Japanese
fishing vessel, the Lucky Dragon-

The task forcs was able to wash down satisfactorily

and personne) aboard received no significant radiation
injury. Howewer the Marshallese and Amctican
servicemen were exposed to potentially dangerous
amounts of radistion from the fallout before they were
evacuated by plaze and ship.®

The task force commander requested assistance from
the USARC for care and study of the irmadiated indi-
viduals, The Director of the Divislon of Biology and
Medicine of the USAEC, J. Bughsr, mmed to the
NMRI and requested through the Surgeon General
that Cronkite, be appcinted as officer in charge and
that he organiz lmndimlmmfmthe&pmienmtf’
personnel of the U.S, Navy, This study became again
s joint NMRI-USNRDL project with Bond as assist-
ant project officer reprosenting USNRDL. Within
48 hours a team was amambled consisting of cxpe-

tapoume groups were o be followed :

a servicamen about 50 rads.
b, 84 about 175 rads.

c. 18 sbout 70 rads.

d. 157 ene: about 20 rads,

rienced M D.'s, Ph. D.%, radiation physicists, and tech-
nicians. The equipment was crated and airlifted to
Kwajalcin Naval Air Station to which the individuals
had heen evacyated. The clinical 2nd hematological
studies performed upon these individuals clearly cstab-
lished the symptomatology in human beings after an
exposure of radiation approximately at the level of
175 rad. The sequence of events in the development
of beta skin burns was documented and iy now a classic
stady. The development of lym-
phopenia, and thrombocytopenia was clearly estab-
lished and shown to be significantly different from that
in experimental animals after comparable doses of
radiation. The conservative management long rec-
ommended by the NMRI group was clearly shown
to be the treatment of choice. The cardinal princi-
ples of management of radiation injury were estab-
lished as meticulous history and clinical examination
with attention to preexisting chronic infections, labora-
tory studics to estimate degree of bone marrow sup-
pression and 1o avoid all therapy until something is
cfinically indicated. The exposed mdividuals experi-
enced a severe cpldemic of upper respiratory infection
which also involved the staff and nonirradiated indi-
viduals thus demonstrating that prophylactic treat-
ment of irradiatsd human beings by antibiotics is not
nECESSALY.

The conservative clinical management of the above
individuals, in face of pressure to mstitute transfusions
and antibiotic prophylaxis, as the grarmlocyte and
platelet counts continued to fall, resuited in the now
generally accepted policy of observe apd wait for
clinical indications for treatment that has subsequently
been followed in most later mdiation accidents.

In addition to the above clinical studies an oppor-
tunity for the study of internal contamination existed.
The exposed people had lived, breathed, and eaten
in a highly contaminated environment for over 48
hours, The degree of internal contamination of the
people and animals was measured primarily by the
USNRDL group. The studies pointed out, under the
conditions that cxisted (breathing, ingesting, and kving
in a contaminated area) that the magnitude of ex-
posare from extemmal rudiation greatly outweighed
the magnitude of the internal contamination, In fact
the former might well reach lethal levels whereas the
latter by itself would produce Lttle if any injury.

The body burdens of the various radionuclides werc
established and the studies were begun on biclogical
turnover ratcs.  The studies were continued by Brook-
haven National Laboratories.

In 1955 and 1956 there were continuing fleld




studies in Neyada in which the Radiation Technology
and Pathology Divisions participated to complete the
details on vagious of the objectives laid down following
Operations GROSSROADS and GREENHOUSE.
ment of the Internstional Mora-
torjum for ¢ 'ofmmleuwupmexpexmmtal
field wark b y terminated. The remaining

problenn of military importance in respect to radiobi-

ologylnd dosimetry clearly needed sophisti-

inpental tools not available at NMRI. For
dm purpose Hon facilities (cyclotron and other
devices) were approved for installation at USNRDL
and & new was conceived, the Armed Forces

Research Institute (AFRRI}. Thenew

have not only a “flash” reacior by
ity gamuna generators which could
mimic the nejitron gamma spectra of different nuclear
weapons and thus evaluate their effectiveness as radia-

The scientific study of radintion effects upon
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man and mammals for the nava! service commenced a1
NMRT in 1945. ‘The radiation biology program con-
sisted of basic stydies on radiation, effects on mammals,
r.adi.ﬁ‘sﬁon dosimetry, and the management of radia-
tion injury. The laboratory program was always dove-
tailed with fleld studies at the Nevada and Pacific
Proving Grounds almed at the solution of military
problems.  The coherent laboratory and field research
program attained ity fullest appreciation just when the
Navy, through NMRI, was requested to undertake
the scientific direction of biomedical programs of
Operation UPSHOT-KNOTHOLE for the Civil Ef-
fects Groups of the USAEQC and second when the Navy
again thiough NMRI was requested to take the re-
sponsibility for the care and study of human beings
accidentally exposed to fallout radiation at the Pacific
Proving Grounds. With the establishment of AFRRI
the radiobiological program of NMRI was phascd out
logically and ility for its continuation as-

sumed by AFRRI and USNRDL.
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