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On Jamuary 7 and 8, 1956, the pansl convened, All members were present.
A preliminary report was written by Dr's. Bond and Cronkite and distributed to
panel members, The comments of ths subpanel members have been incorporated into
this report.

ZNTRODVCTORY COMMENTS BY CHAIRMAN OF PANFL

Mankind has alvays lived in an enviromment suffused with radioactivity
from natural and unavoidable sources such as radicactive minerals and cosmic
rays. Natural radicactivity varies greatly in degree throughout ths world,
Intensities tend to be much lower at sea level and on small islands, with the
exception of Baltic islands, throughout the world. At high altitudes cosmlioc ray
activity inoresses significantly., Similarly natural radioactivity from minerals
increases significantly in some mines, and in the water supplies of some areas.
For example, water in the Joliet area in Illinois contains relatively large
quantities of radium and its daughler products. &ince the dlscovery of »~rays by
Konrad Roentgen and natural redioisotopes by Bacquerel and the Curies, there has
been & steady increase in the smounts of radiation to whioh segments of mankind
are being exposed, With the development of nuclear weapons and the spread of
atomlc energy by industrial activities, the levels of world wide radiation will
unquestionably continue to increass.

At the present time there is confidence that the increment to the
naturally exdisting radiocactivity ig but a small fraction of that believed to
exist prior to the testing of atomic weapons and the presently developed atomic
energy industry. However, when one specifies the diverse sources of radiation
to which large numbers of mankind are being exposed, it is quite evident that
serious ooncern must be felt by phyaicians and scientists for the possible 1n—
fluence of such radiestion upon individuals, selected groups, and whole popula-
tions. In the course of the deliberation of this pansl attention was called
to the existence of the following types of exposure to radiation to which humen
beings were exposed, voluntarily and involuntarily:
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1. XNatural sources
2, World wide low-level fallout
3. Roentgenographic surveys of large segments of the population for
tuberculosis and canocer
4e Dontal x~rays
5, Industrial fluorosccpy and radiography
6. Fluoroscopy of infants
7. Fluorosoopy for shoe fitting
8. Diasgnostic »-rays
9. Medical and scientific use of tracars in human beings
10, Therapeutic use of radioisotopes and x-ray
11. Tracer radioisotopes in agriculture and industry
12. Rssearch and pover reactors
13, Jonising radiations for food sterilization
- 14, Expsrimental accelerators
During the early years vhen the dlagnostic and therspsutic uses of
xray vers being developed, heavy and repeated exposure to physlocians, physi-
cists, murses and technicians resulted in serious injuries. Ristorically,
the ocourrence of lsukemia and aplastic anemia as late sequelse of exposure to
*~rey and radicactive substances was well documented in the medical literature
prior to 1937, Presumably Medame Curie disd from an aplsstio anemia. In recent
years, while great care has been taken to avoid heavy radiation exposure, there
ia little knowledge on the hagards of repeated sualler doses, especially in
regard to late affects on the Mlood forming organs.
The record of the atomic energy development, which involved the
handling of large amounts of dangercusly radicactive material is an example
of the effectivensas of a controlled enviromment,
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In order to set the acute and ‘chronio hemopoistic effects of radiation

into the proper perspective with regard to overall radiation effects, the whole
body radiation syndromes as & funstion of dose of radiation are summarizeds
After very large doses of radiation delivered in a short tims, a typl-
cal clinical syndrome is produced in animals, On the basia of observed symptom-
atology, it has been useful to name this symptom ocomplex the central nervous
syndrome (CNS). In animals, doses in excess of many thousands of r, are nedes~
sary to produce this complex. Thers are species variations. The "threshold®
for this syndrome in man is not known amd this syndrome has not been observed in
man, Symptoms referable to the nervous system and (I tract appear promptly.
Death may ooccur "under the beam®" or within a few hours. In laboratory animals
this syndrome invariably results in death either promptly, or later as a result
of the next cliniocal syndrome vhich results in death et a later time, If the
nervous aymptom complex subsides, or if the dose has been smaller (in the region
of 900 -~ 5,000 r for laboratcry animals; dose for man not known), a symptom
complex termed tho gastrointestinal syndrome (GIS) appears. Nauses and vomit-
ing appear shortly after exposure. Diarrhea and tenesmus become severe, The GI
symptoms may be intractable or may subside for a variable pericd. Fluid and
electrolyte losa from the GI tract progressively produce dehydration and even-
tual vascular collapse, and death that may ooour during the lst and 2nd weeks.
This pioture was observed in the Japanese casualties and has been well studied in
laboratory animals., Death from this syniroms has been prevented experimentally
in some dogs by adequats fluid and electrolyte replacement; in addition spon-
taneous recovery may occur after the lower dosss in this range. However, the
survivors then experienced another symptom complex that may result in death, It is
thls third symptom complex characterized by signs and symptome referable to bone
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marrow depression which characterizes the lethal dose range®. By custom, the
mortality from this symirome has been tabulated as of 30 days after exposurs.
There are reasons, to be discussed later, vhy a 30 day tabulation may be too short
for human beings.

A fourth phase of deaths was observed during the 2nd and 3rd months
after exposure in the Japanese casuslties in which in some instances the causes
of death wers not clear; howsver, pancytopenic sequelae vers still present. Hemo-
poletic recovery was in progress but defeocts in proliferation and maturation
were observed in the pathologic sections of marrow, Following the third month,
deaths are infrequent and it beoomss increasingly difficult to asaribe deaths to
the effects of radiation sinos phenomena observed are those which may result in
death in any nor~irrediated population.

There is evidenoe that large single doses, or repeated small doses of
radiation can produce diverse neoplasia, genetlic defects, and shortensd life span
in gelest controlled gnimal populations, However, attempts to ascribe a specific
role to irradiation in necplasias in [nman populations becomes an excepticnally
oomplex biometric study beceuss of ths increaasing contamination of the atmosphere
by industry with potential carcinogens, and the introduotion and widespread use
of an array of clinically useful drugs, whose long term effects in man are imper-
feotly understood, but vhich in some cases have produced severe blood dyscrasiss.
Accordingly, in all of the diascussions on the long term effects of single doses
of radiation on gan, and the effect of repeated or low level exposure, ons must
be especially cognisant of the fact that the "effects™ are deduced by statistical
gorrelationg, and eannot be proved by controlled experimentation, nor can other
ocausative factors be eliminated, In this era of awakened public interest to the

" hazarde of radiation, it is espeocially important that preccoupation with the hazards

#8ublethal refers to the lower domes of radiation that will produce no deaths
within a given period of time, usually taken as 30 days in animsls. The lethal
range extends from the threshold dose at vhich only rare deaths occur in this
time interval, to the level at which virtually all exposed will die (the LD 1 to
ID 99 range). Doses above the LD 99 level are termed supralethal, In sll ranges,
however, ultimate longevity is reduced to some degree.
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of ionizing radiation does not beclownd the searching mind of the aclentist or the
rosponaibla_ citizen to the presence of other hasards of equal importance., Thia
is not an attempt to minimise the hagsards of lonizing rediation with respsot to
the development of blood dysecrasias and other late effects. It is most important
to bear in mind that the incidence of bone marrcv feilure® and leukemia has in-
creased significantly in the United States in groups in whom thers is no known
overaxposures to ioniging radiations. Today no informed physioian believes that
exposure to lonising radiation has either a benaficial or stimilating effect on
the blood,

In the course of the deliberation of this panel, attention was fooused
upon the known effects of muclear sxplosions, the immediate and long term effects
of single exposures from all causes, and the long term effects of intermittent
and oontinuous exposure to radiation of diverss types. In the latter category,
the pansl felt that a reasoned judgement could not be made becaugse of the paueity
of realistic quantitative data on the degree of exposure,

Although the available sources of hematological data on human beings
exposed to total body external radiation have sericus limitations, they were con-
sidered to be reasonably oonsistent among themselves to allow charasterisation
of the time oourse of change in peripheral elements following exposurs. The
sources of data included the reports of the Japanese exposed to immediats radiae-
tion from atomic veapons, the account of the human beings accidentally exposed
to fallout radiations at the Pacific Proving Grounda in March, 1954, the reports
of lmman beings exposed to reactor sccidents in the laboratory, and data on pa~
tients with incurable necplastic disease sxpoaed to t.horape_ut.ic total body
irradiation. The pattern of response of the peripheral blood elements changes

*Synonomous with aplastic anemia, refractory anemia, hypoplastic anemia, Aplas-
tic anemia has been observed to terminite in leukemia. The ocourrence of
aplastic anemia after use of diverse drugs is common clinioal knowledge,
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with incresasing radiation dose., In the following description, changes are divided
into those that occur in the sublethal range, and those that ococcur in the lethal
range (doses that result in some mortglity within 60 days of exposure). This
division is arbitrary, since the patterms of change merge imperoceptibly, end each
oategory covers a range of doses and thus degree of effect, When the dose is in-
creased from sublethel levels to lethal levels, the lag period betwesn exposure
and depression 1s progressively shortaned,

Baspopge after sublethal dosess

The pesutrophil ocount shows an initisl rise in ths first 12 to 48 hours
followed by a sharp drop, to or below, the pre-exposure level, The ocount then
fluctuates around or slightly below the pre-exposure level until the 3rd or 4th
week, following which definite depression is cbserved, The time of maximm de-
pression ocours during the 5th or 6th week or even later, and is followed by a
gradual return to pre—exposure levels. Complste recovery may require several
months or more,

The 'drop in lymphogvies is early and profound. Little or no evidence
of recovery in the high sublethal range may be apparent several months after ex-
posure, and retwrn to former levels may Hot ocour for months or years. The total
white oount parallels olosely the change in neutrophil count.

The platelat count shows 1ittle or no changs over the first three weeks
following axposure. At approximately the end of the Ird week the platelet count
falls. The time of maximm deprsssion is remarkably constant at sublethal dose
levels, and ooours on the 28th to the 32nd day of post~exposure.

Ho trend in eosinophile, basophile, or monocyte counts cen be definitely
asocertained, This may result in part from the larger errors inherent in counts
of these oells. In the absence of hemorrhage, the bematoorit may show slight de-
pression. This effect is probably due to a combination of inhibition of erythro-
polesis and shortened life span of the red ocell,
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The peutrophil count may rise during the first two days following em-
posure. The count then falls steadily to reach values below 1,000/mm> by the
5th to the 10th post-exposure day, depending on dose. In survivors, recovery
begins during the 5th week, but may not be ccmplete for several montha.

The lymohoovke ocount drops to vanishing levels within 12 to 24 hours
of exposure; recovery 1s not apperent for several weeks; and it may not be com-
plete for several months, or for a year. The total white count parallele the
neutrophil count,

The platelet count in the lethal range, in marked comtrast to that at
lower doses, may drop preocipitously, starting approximately on the 4th day, and
platelets may virtually dissppear from the peripheral hlocod by the 10th day.

Changes in the eosinophiles, basophiles, and monocytes counts cannot
be abaracterized definitely at this time, The hematoorit® is not appreciably
affected until hemorrhage ocours, severe gross external or oocult internal bleed-
ing may ocour as early as the Gth day, depending primarily on the time at whioch
the platelet ococunt reaches dangercusly low levels. This may coour from the
second to the fifth week, with peak incidenoe in the 4th week in the low and mid-
lsthal dose ranges. The degree of response as a function of dose varles for the
several blood elements. The platelet and lymphocyte counts are affected bty very
emall doses of radiation, and are reduced tc minimal levels before the lethal
dose range 1s resched. The neutrophil count, however, does not reach minimal values
until the lethal range is reached,

The time course of changes in the leucooyts and platelet counts in
human beings 1s definitely different from that obaerved in lower animals, In

*Mmittedly the hematocrit can be misleading since it represents both changes in
plasma volume and red oell masa. However, in general decrsages in hematoorit
represent a diminution in red cell mass for one reason or ancther (loss, hemolysis,
or no hew production),
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man, severe depreasion of these elementas occurs later, and recovery is more de-
layed. Similarly, the time of deaths in man resulting principally from hemato-
logical depression differs from that of laboratory animals. In most laboratory
species, essentially all animals alive on the 30th post-exposure day will remain
alive for several months, although the 1ife span is shortened. In man, however,
the peak incidence of death from marrow dspression occurs during the 4th and 5th
post~exposure week (Hiroshima and Nagasaki data). Thus an LD 50, 3C day considere-
tion is inadequate to characterisze the acute lethal dose response of man, and an
1D 50, 60 days would be preferable*, The extensive serial blood counts obtained
in human beings exposed to fallout gamma radiations were relied on heavily in
characteriging the hematological responses of human beings exposed to sxternal
radiation, Admittedly the dose rate with fallout was much lower than with prompt
radiation and may have reduced the effectiveness somewhat, These individuals
received, in addition to gamma radiations, beta radiations of the skin, and probably
a minimal degree of internal contamination. It wag the consensus of the subpanel
that neither the beta lesions nor the low level of internal contamination signifi-
cantly contributed to the pattern of change observed. This view was supported by
the general agreement of these data with other less extsnsive data on human beings
who did not receive additional skin lesions or internal contamination; and the
lack of correlation between the severity of hematologiocal changs and the extent
of bete lesions in those exposed to fallout radiation. The reservation was held,
hovwever, that data are inadequate to establish this view with certainty, and that

synergistic effects cannot be ruled out,

The pan-hemopoietic depression contributes in large measurs to morbidity
and mortality following total body irradiation., In the sublethal and low lethal

*The reservation must be made here that the exposed Japanese population wers
heterogenous with respect to age, sex, physical condition and degree of added
trauma from burns or blast. The extent to which thease factors affected sur-
vival time has not been determined. In studies on laboratory animals the
converse is true—homogeneous populations are studied,
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ranges, the response observed is conaistent with other olinical panoytopenic

states. Neutrophil depression increases the susceptivility to infection and
platelet depression contributes to the bleeding tendency. Correction or treat-

ment of these defeots during the first few weeks may permit survival in some in-
dividuals who might othervise have succumbed, The ooncept of total body x-radiation
as primarily a pancytopenic state, while useful, is probably an oversimplification,
particularly in low and high lethal ranges.

Supceptibility to infaction is well established and the pathogenesis
may well involve intarference with specific immune mechanisms, phagocytosis, and
migration of leukocytes in addition to simple neutrophil depression,

Sugceptibility to bleeding is well correlated with platelet depression.
However, additional factors may be involved such as 1ipid antithromboplastins
(Tocantins) or disturbances in the § lipoprotein transport mechanism (Nickson and
Bane). In some instancea, the latter changes are similar to changes induced by
heparin administration to rabbits. The relation of these alteratione to the
bleeding tendency has not besn established. It was the consensue that frank’
heparinemia is not a contributing cause of hleeding.

After higher doges, death enives even if hemorrhage and infection are
corrected, Jderm free rats die at dose levels moderately higher than the lethal
dose for rats in the natural stste. These animals die later with severe hemorrhage
and anemda. At dose levcls in exceas of the 1D 100, 60 day level, individuals die
within the first week presumably from fluid imbalance and wvasoular collapse cor-
related with marked damage to the intestinal epithelium, It is clear that at all
dose levels, poorly known and 1ittle understood biochemical changes® ocour which
may ocontribute to mortality in the exposed individual. Our knowledge is inadequate
to determine at ths present time to what extent such biochemical changes may prove

lethal in themsalves even when infection and hemorrhage cen be treated adequately.

*Apparently decreased respiratory quotient (RQ) in animals; increased excretion
of amino acids in irradiated humen beings, etc.
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No data are available to allow adesquate characterization of the LD 50
value for man, The degree of hematological depression observed in patients re-
celving total body »-radistion indicates that the current estimate of 450 r is
a ressonable estimate for x-radiation as employed in the clinic. A recent re-
evaluation of the data from Hiroshima and Nagasaki indicated a value higher than
this for immediate gamma radiation from the bomb, Geometrical and depth-dose
considerations can be interpreted to indicate that the LD 5C for man expossed to
immediate gamma radiation and fallout gemma radiation from the atomic bomb may dbe
lower than thia figure. A large degree of uncertainty exists in both approaches,
and mors bicloglcal and physical datals are requirsed to sattle the iasue, The sit-
uation is complex, and it became evident that it is not possible to extrapolate
with confidence from one condition of radiation exposure to another, or from ani-
mal data to man,

Threghold doee for detectible effectss

There appears to be no threshold* dose for changes in the peripheral
platelet count and possibly for other elementa of the blood., Changes at very
low dose levels, however, can be detected only in a relatlively large population,
Nothing is known about subtle changes in the blood forming organs at dose levels

sc small that changes in the blood picture cannot be detected.

The dlagnosis of exposure to radiation and its severity is made on the
basls of the history amd physical end laboratory examinations, as with a.n,y disease,
Avallable estimates of glir rosentgen dose received obtained by physical means should
be considered in evaluating the degree of axposure, btut should never in themselves

be taken as an index for disposition or treatment since tissue dose and distribution

*The threshold concept may be incorrect since inavbility to detect effects at lower
doses may only be a manifestation of inadequate criteria for effect, For practi-
cal purposes a threshold might be classified as that dose whore statlstically sig-
nificant differences are detected, For many effects this may necessitate extremely

large aamples,



§f absorbed energy ultimately determinea effect not dose in air, Any degree of
radiation exposure should be avoided if possible, If exposure is necessary under .
emergency oonditions, severe hemstological depresaion may be expected at doses of
100 r or more measured in air, from immediate radiastion from the bomb or from the
gamua radiation from fallout material. With human exposure a wide spectrum of ages
and of state of health ls 1likely to be involved. Thus it is not possiivle to pre~
dict accurately the severity of response that might be expected for a population
exposad at varlous dose levels, There is evidence from the human beings exposed
to fallout radiation that children may be more severely affected than are young
adults. Wwhether this 1s due to Anherently greater sensitivity or to an increased
depth dose due to smaller sizs is not known. From animsl data, it has been postu~
lated that elderly individusls may be more seriously affected than young adults,
Therapy of Rediation Iniurvs

Recommendations for therapy are given for 1) conditions where exposed
individuals can be cerefully anml individuslly handled because they are limited
in number and adequate facilities exist for taking care of them, and 2) exposures
at the catastrophle level where adequate medical observation and care are impoe-
sible. In the first category, of cardinal importance in therapy is careful ob-
servation, good nursing care, and treatment on an individual basie of any con=
dition that may arise. Antibiotios in general should not be given prophylactically,
and should be administered only if infaectious processes develop that would be
treated with antiblotice in the absence of radiation. Prophylactic use of anti-
blotios may be considered if the neutrophil count drops below 1,000/ms?. Pro-
phylactic use of antibiotics may be considered particularly where severe wounds
or other complications may be present. "If antibiotics are used, they should be
given in large doses and the hroad-spectrum drugs should be employed, Flulds
should be given as indicated clinically. Blood should not be given prophylac-
tically, but only as indicated from olinical and laboratory findings, Fresh
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whole blood by direct silicone multiple syringes without anticoagulant or ool-
lected in plaatic bags or platelet transfusions may be of some value in control-
ling purpura and other hemorrhagic manifestations., The use of druge without
cleer indication is discouraged because of their unknown and possibly harmful
aeffects on the irradieted individual whose metaboligm is deranged. Parenteral
administration of drugs should be held to a minimum because of the added trauma
in an individual susceptible to purpura and infection, At present there are no
specifio prophylactic or tharapeutic agents* that should be stock-piled for use
in the hematological depression and the resulting disease state following exposure
to totsl body irradistion.

Under catastrophic conditions it of course wlll not be possible to
adhere toc the sbove regimen, The prinociples of therapy remain the sams, except
that here there is a much better potential case for widespread and empirical anti-
biotic dispensation, partioularly to individuals in which burns, mechanical wounds
or other added trauma exist,

1) The Japanese data from the Hiroshima and Nagasaki bombings

should be further analysed in respect to:

a) Duration of depression of leukocytes as a funotion of
distance and shielding (dose).

b) Leukocyte counts at various intervals in relation to ultimate
survival.

*Antibiotics of great value in the therapy of infection in the exposed individual
ars not considared here as specific drugs. Such prophylactic agents known to
this panel such as sulfhydryl compounds, hypoxia inducing drugs, spleen or bone
marrov preparations, etc,, claimed or shown to favorably modify acute radiation
injury in animals, have no place as yet in the treatment of human radiation in-
Jury.
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o) Survival time as a function of distance and shielding (dose),
and of age,

d) The degree of initial blood count depression in relation to
the later development of leukemias arnd other late disease,

2) Additionsl and intensive studies should be initiated on human
beings recelving radiation to the whole body or large portions of
the body in the therapy of malignant diseage, Particular attention
should be glven to the time course of peripheral hlood counts for
meveral weeks following exposure to different doses, and the nature
of the clotting defect®,

3) Initiate studies on the cause of death in animals in which death
fromt hemorrhege and infection have been prevented. This refers
to deaths within the first few weeks, as opposed to the much later
deaths from nephritis, necplasia, etc.

4) Although nothing of practical value is now available for the spe-
cific therapy of acute radlation injury, it is urged that further
research be pursusd on the fundamentsl defects produced by ion-
izing rediation on mammalian systems. Mediosl experience has

Rl Sidl X ODS NEeXI'aDs B ONlY developed wWnen tnhe baside

phvalologic defects are understood. With this in mind further
research is needed. However, it would be unfair to the public

to imply that effective therapy can be expected in the near fu-~
ture or indeed that overwhelming doses are ever likely to yleld

to thsrapy.

LONG TERM EFFECTS ON THE BLOOD CF A SINGLE EXPOSURE TO IONIZIKG

RADIATION
The best single source of information on this subject is the Japanese

*One member of the panel reactivated the heparinemia concept of radiation hemorrhage
by desaribing the cessation of bleeding in an irradiated individual with thrombo-
penis following injection of protamine, an antiheparin agent.
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survivors exposed at Hiroshima and Nagasall in August, 1945. Of necessity,
data on the immediate radiation effects are fragmentary and data on the exposed
individuals between the 16th week and the 2nd year are not available. In 1954
a statistical analysis of the hematological data obtained by studies on Hiroshima
survivors and a control population, carried out from 1950-1953 (ABCC Program ME SS)
showed that there was no evidence for an increase in leukopenia, leukocytosis or
anemia in the exposed as compared to the control population. During this period
several cases of aplastic anemia were encountered among the Nagasakl survivors.
However, it cannot be definitely stated that these cases were due to atomic radia-
tion. Up to late 1953, no cases of aplastic anemla had been found in the Hiroshima
survivors, It should be noted that "aplastlc" anemia 18 not an uncommon blood
dyscrasia in the Japanese,

Incldence of leukemia:

In contrast, an increased incidence of leukemia among survivors has been
clearly established. It has long been known that repeated or single doses or
radiation could increase the incidence of lesukemis under controlled experimental
conditions in laboratory animals. Accordingly, an intensive investigation of the
incidence of leukemia in the irradiated survivors in Hiroshima hes been carried
out by the ABCC. This study is continuing and a statistical analysis, based on
the varified cases of leukemia occurring in the Hiro;hima survivors, establishes
beyond reasonable doubt that the incidence of leukemia was significantly increased
in exposed individuals. During 1955-1956, 22 new cases were discovered in Hiro-
shima., The following table is based on the six year incidence from 1942-1953, not

an annusl incidence.
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Incidence in Survivors Who Had

Distance from Hypocenter Acute Symptoms Referable
0 - 99 1/50
1,000 - 1,499 1/150
1,500 -~ 1,999 1/583
2,000 = 2,499 1/950
N 2,500 1/12,000

Particularly germane to the above table 4s the faot that spontaneous incidence
of leukemia in Japan at large during this time was 1:16,000, Data indicate that
the incidence of death from leukemia in Japan is about one third that of other
countries.

Analysis of the incidence of leukemia by the ABCC teams at Hirocahima

reveals certain inconsistencies which are disturbing:

a) Some of the people who were 2,000 to 2,500 meters from the
hypocenter developed unquestionable signs of irradistion sick-
ness: epilation, purpura or oropharynglal leslons, vhers,
according to available published sources of information*, the
dose received was between 8 and 35 r gamme radiation,

b) The inoidence of leukemia among these people at 2,000 to 2,500
meters who had irradiation sickness is statistically greater
than is the incidence among people who at the same distance, had
no irradlation illness. This further indicates that some individuals
in this region received significant exposure.

These considerations make the observers suspect that the avallable in-

formation about the amount of irradiation exposure may be incomplete. The members

*The Effects of Atomie Weapons, Page 235, U, S. Government Printing Office, Washing-
ton' D. c.' 19500
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of the panel find it difficult to evaluate the data because of these inconsisten—
oles and would like to recommend that the known data on exposure of the Hiroghima
group be made available to those who were responsible for the leukemia data and
its interpretation. Furthermore, without precise knowledge of the doses received,
it becomes impossible to establish levels of single exposurs at which the incidence
of leukemia will not be increased, if in fact a "threshold" exists. Such informa-
ticn is vital to the future welfars of human beings who may be forced to live in
contaminated areas. In addition, with the growing belief that there may not be
threshold levels for radlation effects, it becomes absclutely essential to obtain
the most reliasble estimate of the exposurs wherever obasarvable effects have been
detectad,

In Japanese atom bomb survivors the leukemias have been predominantly
myelold, However, Dr. Furth of this panel emphasizes that radiation induced
lymphatlg leukemias in Europeans have been observed. 1In this comnection it is of
interest that lymphatic leukemia 18 a rarity in Japan suggesting that radistion

is prone to induce the type of leukemia that might ocour spontaneously.

In the course of studies on Japanese atomioc bomb survivors, cbserva-
tions on hematologic changes preceding development of overt chronic myelogenous
leukemia were made in a mumber of cases, In routine surveys, blood studles re-
vealed evidence of a generalized proliferative effort by the bone marrow, many
months before obviocus evidence of leukemia. These manifastationa were the pres-
ence of a small per cent of myelocytes and metamyelocytes, and a very striking
increase in absolute numbera of basophils, in the peripheral blood., These changes
were accompanied by increased numbers of platelets and occasional normoblasts.
Beginning in November, 1952, biochemical studies on the separated leukocytes dem-

onstrated that in these early pre-clinical cases of leukemia, the polymorphonuclear
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leukocytes contalned very little alkaline phosphatase. These alkaline phosphatase
values were similar to those reported by Valentine et al. for neutrophiles in well
established cases of chronic myelogenous leukemia.

Subsequent studiss in chronic myelogencus leukemia, employing histo-
chemical as well as biochemical methods, have shown that 2 per cent or lesgs of
seguented polys contain even small amounts of alkaeline phosphatase. In contrast,
in other conditions with increased polymorphonuclear leukocytes, such as infeoction
and myelold metaplasia, the alkaline phosphatase values are high and practically
all segmented neutrophiles contain large amounta of alkaline phosphatase.,

It has been postulated that the leukemic cell is deficient and in the
precursor stage of development of leukemla, two populations of cells are present
vith the leukemic type inoressing in mmber until a typlcal leukemic blood pio-
ture 1a evident., It has been the experience of some of the panel members that
cases of '"bone marrow failure" may terminate in leukemia,
fecompendations:

1) Periodic hematologioc surveys should be performed on the Marshallese
and Americans exposed to fallout radiation in March, 1954. Careful study for
cytological changes mentloned above, especially besophilocytosis and lmmature
leukocytes, and routine histochemical studies for alkaline phosphatase (using
peripheral blood smears and either Gomori's Cobalt technique or the aso dye
method) should be carried out, In suspicious cases, blochemical determinations
for alkalins phosphatase on separated leukooytes should be done. In view of the
long "latent pericd", studies for ‘Many years after exposure if not for 1ife, are
essentlal,

2) The cytologic and histochemical-biochemical studies might well be

employed in surveys of radlologists and other chronically exposed groups.

3) The present ooncepts of leukemoid reactions and myeloid metaplasla,

and the relationship of these disorders to leukemia are obscure, Further studies
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on the enzyme and metabolic sctivities of leukocytes in these disorders may lead
to a better understanding of radiation effects on myeloid oells and the role of
irradiation in leukemogenesis,

4) It is generally recognized that routine hematologic stuilies of
potentially exposed individuals are wasteful and unproductive. However, studies
on select groups by routine and newer techniques are highly desirable, e.g.,
radiologists, physicist.

5) It was the consensus that it would be desirable to know the inci-
dence of leukemia in WW I soldiers who were exposed significantly to mustard gas.

6) Pediatricians have fluorcscoped newborn bables, and a considerable
dose of whole body radiation may have been received. A long term follow-up on
thess exposed children is needed.

Increasing numberg of human beings are exposed to repeated doses of
radiation frequently at very low dose levels, Thus in industry and in AEC
installations, in rediologists and radiological technieians, public health
surveys and particulerly those using fluoroscopy, and in repeated roentgenograms
in medical and dental diagnoeis, large populations are exposed to radiation at
levels well in excess of backgroumd,

There are several stulies on radioclogists and radioclogical techniclans,
indicating that statistically the blood,ccn.mts of such individuals may be altered,
Similarly from the vast number of counts on imdividuals exposed to low level
radiations at AEC installations, there is evidence that the so-called maximum
pernissable dose may result in statistical alteration in the blood count., The
possible significance of these small changss is not clesr. The slight decrease
in neutrophiles or lymphooytes count has little or no significance in itself,

It would appear that its aignificance in relation to the later development of
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leukemia or other disease that shortens 1ife span should be investigated, Reo-
ommendations to this effect are given below, Data are available on the hemato-
logical effects of exposurs to radistion up to 10 times background. The drink-
ing water of prisoners st Jolliet I;rison in Illinois contains 20 times the
radiun content of the drinking water of neighboring communities, Extensive
study has failed to detect differences asoribable to the increased radium con-
tent of the drinking water. In the course of rediotherapy for relatively be-
nign conditions, it seems clear that serious late effects can result from a
single exposure or a series of exposures to x»~ or isotopic radiations, Thus
thyroid cancer has resulted in children given x-radiation for thymic enlargement.
Similarly, leukemia has been reported in individuals recelving repeated x-radiation
therapy for spondylitis, and in patients receiving repeated I-131 for thyroid
cancer,
Recommendations:

1) Since there are geographical locations in which the known radia-
tion intensities vary considerably, it ia felt that the incidence of leukemis

should be established in: a, Island gopulations (low background except Baltic
Ialands

b, Andes (hgh background)
6. Prison and civil population in Joliet (radium
content in water higher than normal)
2) It was the consensus that a ceaseless search should be continu-
ously made for other harmful agents in the atmosphere and our modern diet. It 1s
genuinely felt that preocccupation with radiation may obscure other equally hazard-

ous factors in man's environment,

i OF 0LOGI IN CO OF RADIATION I
A large effort at great expense was made by the AEC during the develop-
ment of atcmic energy to determine if routine hematologic studies would detect

low level exposure to radiastion, It was the consensus that frequent routine
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studies on personnsl exposed to low levels of radlation have @ limited value
that does not justify the expense, Physical control of the enviromment by ra-
diation monitoring is an effectivs means of maintaining a safe environment, and
nothing is gained by widesprsad hematologic studles on peraonnel. However, it
would not be wise to dispense completsly with hematologic studies since it is
important to have pre~exposure levels in the individuals who may be exposed to
radiation such as with those accidentally exposed to fallout radlation, Had
bese 1ine studies been available relative depression and recovery time as a
function of dose could have been more precisely determined, Accordingly it is
believed that periodic, perhaps annual hematologic studies should continue on
limited groups of inmdividuals who run a greater risk of accidental over-exposure,
Certainly, all individuals who have been exposed sc accidentally at dose levels
of 25 r or more of essentially whole body radiation (single exposure) should
have periodic systematic stidies to determins the degree of hematologic de-
pression and the recovery rate. These individuals should remain awsy from an
environment where further overexposure is likely until the dose received has been
amortiszed at the rate of 0.3 r/week. The latter is suggested becauss clinical
radlation therapy experience indicates that individuals who have been exposed
previcusly as a result of local therapy or whole body exposure show greater
hematologic depresaion following further whole body radiation. A mors fruitful
field of hematologic study in relation to chronic radistion exposure would appear
to be the periodic study of phosphatase content of the neutrophils and mumber of
bascphils, on limited populations, who are known to be exposed chronically, such
as radiologists, urologists, orthopedists, x-ray technicians, and dentists.

~CONCLUSIONS |
At the commencement of the deliberations there was some question in the

minds of the panel as to the objectives end the reasons for the establishment of
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the panel, However, in the course of the discussions it became apparent that in
addition to the confusion in the minds of the public there also exists some large
gape in knowledge essantial for the understanding and quantification of radiation
hazards in the world of today let alone the world of the future, The immediate
effects of direoct exposure to high intensity radiation are well documented and the
relation of dose to effect 1s known with some degree of confidence, sven though
certain hiatuses exist that are listed in the general dlscussion and recommenda-~
tions. In the realm of chronic exposure it was recognised that the unavoidable
background level of radiation was known to vary with seasons of the year, geographic
location, and altitude above ses level. However, world-vide levels do not seem to
be known with sufficient acouracy to determine when a rise in atmospheric level of
radiation 1s definitely ccourring. Since thers is little quantitative information
on the relation of dose to effect under conditions where harmful effects were ob-
perved it becomes vital to ascertain natural levels of radicactivity and to try to
eatablish the level of atmospheric radicsctivity at which detectible chronic effects
might conceivably ocour, However, with all of the reoommendations contained in
this report, it 1s believed that a "arash~type" research program to obtain needed
information 1s not indicated.
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