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This specification will allow research reactor fuel elements which have
if the dose rate at one foot is less

limit would be calculated as 0.4

less than

.25 kg to be self protecting

than 100 rem; specificaally the dose rate

rem/hr for each gram of SNM material.

Relating the self-protection criteria to the weight of SNM will reduce
radiological concerns the total radiation level of irradiated fuel could
be lowered. The increased radioactivity of the present requirements results in
at least two concerPS. First is the additional exposure to the reactor staff
both during normal operation and special activities, such as shipment of
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expended fuel. Second, the possible consequences of industrial sabotage,

as defimed in 10 CFR Part 73, would be substantially increased by the increased
activity level. Clearly the probability and consequences of sabotage and

theft must be evaluated when defining the radioactivity level necessary to

for SNM to be self protecting.

The basis for these recommended numbers is as follows:

SNM guantity, 5 kg: Formula quantity as defined by the NRC
Incapacitating dose, 1000 rem:

References:

Saenger, E. L., Medical Aspects of Radiation Accidents, U. S. Atomic
Energy Commission (undated, but preface dated 1963).

Travis, E. L., Primer of Medical Radiobiology, Year Book Medical
Publishers, 1975.

Saenger describes five clinical radiation injury groups with Group IV
being in the dose range 600-1400 rad. This group is described in an accelerated
version of the Acute Radiation Syndrome. Complications of gastrointestinal
injury dominate the picture with early incidence of vomiting. Early onset of
diarrhea, ataxia, disorientation, coma and cardiovascular collapse are all of
importance.

Travis describes the gastrointestinal (GI) syndrome and states that doses
between 1000 R and 10,000 R will result in the GI syndrome in all animals
studied. In humans some symptom of the GI syndrome appear at a dose of 600R
(the threshold dose). The full syndrome is apparent at 1000R. The LD100 for
humans (between 600 and 1000R) is in the dose range of the GI syndrome’,
Survival time does not vary with dose in the syndrome; death occurs at the
same time regardless of dose. In humans death occurs within 3 to 10 days if
medical support is not administered and within approximately 2 weeks even with
medical support. The prodomal stage of the GI syndrome occurs within a few
hours post exposure and is characterized by severe nausea and vomiting, which
may be accompanied by severe cramps and diarrhea.

This early sickness is justification for a total dose in the neighborhood
of 1000R.

Exposure time, 0.5 hour: For elements loaded with .25 kg a person would
have to handle 20 elements to obtain a formula quantity of SNM. The handling
time would have to be less than 1.5 minutes per elrment to keep the total
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APPROXIMATE SNM LOADING PER ELEMENT

1. Plate~Elements with, K less than .25 kg:

Fuel Loading Reactor Power
Babcock & Wilcox .190 kg 1 MW
Georgia Tech. .188 5
University of Lowell .124 1
University of Michigan .140 2
Rhode Island 124 2
Union Carbide .196 5
University of Virginia .192 and .162 2

1I. Plate Elements with more than .25 kg

General Electric (GETR) «511
M.1:%s 445
University of Missouri (Columbia) o175
NBS . 300

I11. TRIGA Elements greater than 20% enriched

Ore. State, Texas A&M, Wisc. «123
Washington State, G.A.

IV. Other research reactors either operate at less than 1 MW
enriched to 20% or less.
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Total Body Radiation Response 113

After this time the animal becomes obviously ill and exhibits the
specific signs and symptoms of the particular syndrome reflecting the
organ system damaged. This third phase is termed, appropriately, the
manifest illness stage and also will last from minutes to weeks de-
pending on the dose. Finally, the animal either recovers or dies as a
r&sult of radiation injury. Table 6-2 summarizes these stages.

The three radiation syndiomes will be discussed in relation to
findings in humans. Although the time of appearance of the signs and
symptoms varies among different mammals, generally speaking, all
mammals will exhibit similar signs and symptoms. Survival time fol-
lowing different doses varies greatly among species, with humans
appearing to be a relatively radiorespor sive species (see Table 6-1).

Radiation Syndrome in Humans

Data concemning the exposure of humans to acute total body radia-
tion has been accumulated from the following sources:

L. Accidents in industry and laboratories (approximately 50 reported
cases),

2. Pacific Testing Grounds accidents involving exposure to fallout.

3. The exposure of indivi.” *als at Hiroshima and Nagasaki.

4. Medical exposures involving total body or near total body radiation
for cancer therapy or other reasons.

Although all of these situations provide an opportunity to study
the response of humans to total body radiation, difficulties arise over
the estimation of dose and the extent of exposure received by individ-
uals in all cases except possibly one-—medical exposure. In spite of
these problems, the study of these individuals has resulted in a gen-
eral pattern of the radiation syndromes in humans. One important
point to keep in mind is that in most of these individuals medical sup-

TABLE 6-2. -STAGES OF THE TOTAL BODY SYNDROME

STAGE TIME MAJOR SYMPTOMS
Prodromal Days-minutes N-V.D syndrome
Nausea
Vomiting
Diarrhea
Latent Weeks-hours None
Manifest illness Weeks-hours Symptoms reflect the systems damaged

Bone Marrow —fever, malaise

Castrointestinal- ~malaise, anorexia, severe diar-
thea, fever, dehydration, electrolyte imbalance

CNS—lethargy, tremors, convulsions, nervous-
ness, walery diarrthea, coma
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114 Primer of Medical Radiobiology

port resulted in an increased survival time. Without this life-sus-
taining support, survival time would be decreased.

BONE MARROW SYNDROME.—The bone marrow syndrome in
humans occurs between 100 and 1000 R w ith death occurring in a few
individuals at a dose of 200 R. The LDy " for humans is approxi-
mately 450 R or 250-300 R absorbed dose (rads) and is in the dose
range of the bone marrow s, ndrome. Death of the individual in this
syxnrix«»|11(~ is due to destruction of the bone marrow to an extent that
will not support life.

The prodromal stage of the bone marrow syndrome occurs a few
hours postexposure and consists mainly of nausea and vomiting The
latent stage lasts from a few days to 3 weeks postexposure, during
which time the number of cells in the circulating blood are not se-
verely depressed. The individual appears and feels well during this
time: however, stem cells in the bone marrow are dying during both
the prodromal and the latent stages re sulting in a decreased produc-
tion of mature cells and, therefore, a deciease in the number of cells in
the circulating blood. This diop in blood cell count appears during the
manifest illness stage, occurring at 3 weeks and possibly continuing
through the fifth week postexposure (i.e., at low doses). During this
time the individual exhibits the specific signs and symptoms of the
bone marrow syndrome. The depression of all blood cell counts (pan-
cytopenia) results in anemia (due to depression of RBCs and hemor-
rhage) and serious infections (due to the depression of white cells—
leukopenia).

Survival in the dose range of the bone marrow syndrome de-
creases with increasing dose. At the lower limits of the dose range,
100-300 R, the bone marrow will become repopulated to an extent
great enough to support life in the majority of individuals (Fig. 6-2).
Full recovery of a large percentage of these individuals will occur
from 3 weeks to 6 months postexposure. A few sensitive individuals
may die 6 to 8 weeks after an exposure of 200 R; doses from 400 to 600
R (dose range of the LDj,0) resultina decreased number of survivors.
In these individuals partial repopulation of the bone marrow may
occur, but not to a suflicient extent to support life. No human has been
reported as surviving a dose of 1000 R.

As dose increases, survival time decreases —death occurring in
*Because humans appear to both develop and recover from the bone marrow
syndrome later than other species, deaths may occur as late as 60 days post-
exposure. In addition, the majority of deaths occur by 30 days in hunans
whereas in animals they occur by 15 days. For these reasons the expression
LDy, e may be more meaningful in humans than the LDy s used in animals.
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Fig. 6-2.—-Rat bone marrow following a total body dose of 500 rads. A
normal ‘ B, one week postexposure exhibiting hypocellularity and relative in:
crease in fat. C, three weeks postexposure, contents now appear relatively
normal} indicating regeneration (absence of bony trabeculae in C is not a re-
sult of irradiation but is due to the area of the tissue sectioned). (H & E stain:
Ato C, magnification x 40; A-110 C-1, magnification x 300.) .

approximately 4 to 6 weeks at doses of 300 to 500 R but in 2 weeks at
doses of 500 to 1000 R.

The primary cause of death from the bone marrow syndrome is
destruction of the bone marrow resulting in infection and hemor-
rhage. The bone marrow is normally filled with cells that supply ma-
ture cells to the circulating blood. After exposures in this dose range
the number of cells in the bone marrow steadily decreases until lhe.
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116 Primer of Medical Radiobiology

bone marrow is not capable of producing those cells which are neces-
sary in the circulating blood to sustain life (Fig. 6-3).

GASTROINTESTINAL (GI) SYNDROME.—The second defined acute
radiation syndrome is the gastrointestinal (CI) syndrome. Doses be-
tween 1000 and 10,000 R will result in the GI syndrome in all animals
studied; however, in humans some symptoms of the GI syndrome
appear at a dose of 600 R (the threshold dose). The full syndrome is
apparent at 1000 R. The LLD, for humans (between 600 and 1000 R) is

Fig. 6-3.—Rat bone marrow foilowing a total body dose of 1000 rads (B and
B-1) and 2000 rads (C and C-1), both illustrating a dramatic hypocellularity
and increased fat content compared to normal (A and A-1). Those cells
present are red blood cells due to hemorrhage. (H & E stain; A to C, magnifi-
cation x 40: A-1 to C-1. maanification x 300.)

33 ? ,\,E}i ?*
B
f{ Va2,
L

el
484

.
“~

1
y}

A%

Yl Ass
y ABA L300 ‘5‘«
N,

RO

Total Body |

n the dose
with dose ir
ofdose. Inh
is not admin
ical support.
The prc
hours postes
ing, which n
the second t.
and feels we
diarthea, na
onset of the
through the t
second week
istered (fluid
The GI
trointestinal
not occur if ¢
marrow plays
The lini
verely damag
in the Crypts
population of
exposure. As
tinal lumen e
berkuhn forr
and partially ¢
The cons
tract are profo
materials acrd
Gl tract resul
bacteria that
stream throug
The eflec
pounded by
effects of dam
the CI tract i
severe decrez
sion occurs as
therefore co
blood cells m4

fact that death
lines.
. : - — - -
: " o
RS | .. % % e
= R L
ot -0 B T o
R e S Ry 3 L g
T W T~ 2y A




Total Body Radiation Response 117

in the dose range of the GI syn Irome. Survival time does not vary
with dose in this \}w!x-‘ ne, death occurs at the same time rc‘g“rdless
of dose. In humans death occurs w ithin 3 to 10 days if medical support
is nat administered and within apjy roximately 2 wi eks even with med-
ical support.

The prodromal stage of the Gl syndrome occurs within a few
hours postexposur? and is ch. racterized by severe nausea and vomit-
ing, which may Ye ace omj anied ‘A severe cramps and diarrhea. From
the second through the fifth day, the individual enters the latent stage
and feels well. At the end of this time, there is a recurrence of severe
diarrhea, nausea and vomiting accompanied by fever, signaling the
onset of the manifest illness stage, which may persist from the fifth
through the tenth day. Death occurs from the GI syndrome during the
second week postexposure if life-sustaining support has been admin-
istered fluids given, tr :7.\?!2\“-”_\,('(('.).

The GI sy ndrome is due to damage in two organ systems: the gas-
trointestinal tract and the bone marrow. The full G! syndrome does
not occur if only the GI tract has been irradiated HYecause the bone
marrow plays an integral role in this syndrome.

The lining of the GI tract, particularly the s iall intestine, is se-
Ve u-]) dam Yol d bv doses in this range The mitotic a tivity of the cells
in the (‘r'\pf\ of Leiberkuhn, the radiosensitive precursor « ells to the
P :;vr;‘, ition of cells on the villi, will be decreased drastically following
exposure. As a resnlt the villi, whic h slough dead cells into the intes-
tinal lumen every 24 hours and are dependent on the Crypts of Lei-
berkuhn for replacements, lose cells and become shortened, flattened
an ] pe \”\ or l,\'”ll‘:l t¢ l\ '{' !w\)t!t‘d \/Flg\ 6 1(H2d 6'5)

I'he consequences to the individual of these changes in the GI
tract are profound. The Nattened villi result in decreased absorption of
materials across the intestinal wall. Fluids leak into the lumen of the
GI tract resulting in dehydration. Overwhelming infection occurs as
bacteria that normally live withiu the GI tract gain access t the blood-
stream through the intestinal wall causing systemic infection.

The effects of these drastic changes in the GI tract are com-
poanded by equally drastic changes in the bone marrow. In fact, the
efTects of damage in the bone marrow occur at a time when damage in
the GI tract is reaching its maximum. Of primary importance is the
severe decrease in the number of circulating white cells. This depres-
sior occurs as bacteria are invading the bloodstream from the GI tract,
there fore compounding an already severe problem. The remaining
blood cells may not exhibit a severe decrease in numbers due to the
fact that death occurs before radiation damage is reflected in these cell
lines.
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\ ; Fig. 6-4.—Diagrammatic representation of changes in the small intestine

. - ; following total body exposure in the dose range of the Gl syndrome. A, pre-
. B irradiation; B, postirradiation.

e

B

Although attempts at regeneration occur in the GI tract after irra-
diation, particularly at the lower dose levels of the GI syndrome, the
damage incurred by the bone marrow will probably still result in
death (Fig. 6-6). Death from the Gl syndrome is due primarily to
infection, dehydration and electrolyte imbalance resulting from the
destructive and irreparable changes in the GI tract and bone marrow.

CenTRAL NeRvous System (CNS) SynorROME.—The full CNS
syndrome occurs at a dose of greater than 5000 R in humans. Although
CNS damage is evident at lower doses (2000 R), death from the full
CNS syndrome occurs within 2 to 3 days following an exposure of
5000 R to all individuals.

The prodromal stage varies from a few minutes to a few hours

A R

¢ diation, all
a dependent on dose. The signs and symptoms of this phase are extreme (C). B, 500
T nervousness, confusion, severe nausea and vomiting, a loss of con- dent. C, 1000
T sciousness and complaints of buming sensations of the skin. A latent contain mitot

period next appears and may last for several hours, although often it is and edems &
: " ; : rows).(H&E

of shorter duration. The manifest illness stage begins 5 to 6 hours post-

exposure, at which time there is a return of watery diarrhea, convul-

sions, coma and finally death.
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Fig. 6-6. Gl tract and bone marrow of rat exposed to 1000 rads total body
irradiation. A, high-power view of edematous villi exhibiting atypical epi-
thelial cells (arrows) and crypt with numerous mitotic figures. Insert indicates
regenerative attempts (arrows). B, bone marrow from same animal. Note the
absence of all stem cells, only red blood cells are present. Although regener-
ative efforts occur in the crypts, the damage in the bone marrow is sufficient
to cause death of the animal. (H & E stain; A and B, magnification x 175; in-

sert, x 350.)

The cause of death in the CNS syndrome is not fully known or
understood. Examination of the CNS after an individual has been
exposed to a dose within this range reveals few changes in the paren-
chymal cells of the brain. This is not suprising keeping in mind the
fact that these cells are nondividing and do not manifest damage as do
the cells in the bone marrow or GI tractin which division of stem cells
is necessary to provide the end cell to carry on the function of those
systems. Damage in the CNS may be a result of damage to the blood
vessels that supply the system resulting in edema in the cranial vault,
vasculitis {inflammatory changes in the vessels) and meningitis (in-
flammation of the meninges). Death is suggested to be due to in-
creased pressure in the confining cranial vault as a result of increased
fluid content caused by these changes.

The bone marrow and the GI tract do not exhibit dramatic
changes in the CNS syndrome because the individual does not live

Total Body Rac

long enough. A

tation of drama
~The three

Table 6-3.

Radiation
fects on the d
studies of the e
conducted in
studies have rt
cluding the def

There are
fetus:

1. Lethality.

2. Congenital :

3. Long-term ¢
velop lateri

These effe
tion in the ov
they can be di
genital),

This sectiq
utero (congeni
ovum or spe
limited to the
radiation that
will be discuss
have been the
effects discuss
erwise stated.
humans and o
chapter.

Lethality
and fetus by
the part of da
a basic knowle
understanding

Russell a
general stage
(growth) stag




1

u-:-,
By 3. ,c e
%‘a )

ic .'.‘.ﬂ ‘v
‘- A

-

-

-
g o
e

PR -

=

.

T

-

AT Ee N

]
f A
»
-

LR

24 |

'?
3.2

.
-
-

'Ii' ‘-‘ “’T"'
Ag?'_. ,_._.u',p. '-i,. 02

.:.,..,‘-.

(e
RS/l 1L :
e PR LA

v ean S

,,.»--

oA % Y":\ :.ﬁ-r-ﬂ' l""'p“ﬁﬂ "'(y-! Q)} 3 -

. o
c""* ». "*’

TABLE 6-3~SUMMARY OF ACU'TE RADIATION SYNDROMES IN HUMANS AFTER
WHOLI™-JODY IRRADIATION®*

ORGAN AND SICNS AND
SYNDROME DOSE RANCE TIME OF DEATH SYSTEM DAMAGED SYMPTOMS FINDINGS RECOVERY TIME
Hemopoietic 100-1000 Rt 3 weeks to 2 months  Bone marrow Decreased number of stem cells in Dose dependent—3 weeks
bone marrow, increased amount of to 6 months; some
fat in bone marrow, pancytopenia, individuals do not survive

anemia, hemorrhage, infection

GI 1000-5000 11 3to 10 days Small intestine  Denudation of villi in smali intestine, None
neutropenia, infection, bone marrow
depression, electrolyte imbalance,
watery diarrhea

CNS > 5000 R < 3 days Brain Vasculitis, edema, meningitis None

*Frem Rubin, P., and Casarett, G. W.: Clinical Radiation Pathology, Vol. 11 (Philadelphia: W. B. Saunders, 1968).
QLD. for humans in this dose range (450 R).
1 r humans in this dose range (1000 R).
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SECTION 8!

The Group 111 and IV patients will require skilled care in o:der to

-

Dose classification by—
Clinical manifestaticns siiaiiinisbitaidiysiinnegh

Thoma and Wald* Gerstner*®

Mostly asymptomatic. Occasional | 10-160 rad 51-100 r
minimal prodromal symptoms. 101-150 r

Mild form of Acute Radiation Syn- | 200-400 rad.__.| 150-400r
drome. Transient prodromal nau- Hematopoietie.
sea and vomiting. Mild labora-
tory and clinical evidence of
hematopoietic derangement.

A serious course, Hematopoietic | 400- 600 rad 401-600 r
complications servere, and scme (2974). Hematopoictie.
evidence of gastroenteric damage
present in upper portion of group.

An accelerated version of Acute | 600-1400 rad.._| Gastroin-
Radiation Syndrome. Gastro- testinal,
enterie complications dominate
clinical picture. Severity ¢f hema-
topoietic complications is related
to survival time after cxposure.

A fulininating course with marked | 10,000 rad +56 | Cerebral.
central nervous system impair- percent,
ment.

*Dosss in rad according o spproximate ranges of table 11T of Thoma and Wald {1).

** A pprovimate deses in r from table 111 and section on Dependency of Acute Radiation Syndrome on
Alr Dose of Gerstner's [2).  These doses are expressed as alr dose, 1 e, exposure dose, and are thus in terms
of roentgens,

3.2 Crinicar PROCEDURES

There is no substitute for careful daily history and physical exami-
nation of these patients. Only physicians, nurses and technicians
with pertinent duties should be permitted access to such patients.

The Acute Radiation Syndrome is conveniently divided into four
stages as follows:

1. Initial or prodromal 1-4 days duratior
2. Latent period 2-3 weeks

3. Manifest illness 2-6 weeks

4. Recovery stage '

The most important findings to be sought for during the prodromal
stage are listed in table 3.2A. For each item, the time of onset,
severity, change and duration should be charted. This list should be
reviewed and observations recorded at least daily, or oftener as needed.
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66 MEDICAL ASPECTS OF WADIATION ACCIDENTS

radiation within the body. This situation may be particularly so
fof neutron irradiation.

If the dose can be confidently estimated, individuals who have
received 50 rad of total body irradiation or partial body irradiation
can be excluded from extensive investigation or study and will not
require treatiient. Where only a few such individuals are involved,
particularly in civilian accidents, careful study will be important
from the point of view of both the patient and the responsible organi-
zation. A review of well documented cases of total body exposure in
the dose range of 50 rad or less has failed to yield evidence of symp-
toms, significant laboratory findings or short-term effects requiring
any therapy.

When the dose is 100 rad most individuals will show no symptoms.
About 15 percent of cases may show some of the features of the syn-

drome in mild form. At doses of 200 rad most of those exposed will”

show clinical symptoms and signs and will have significant laboratory
test abnormalities. Fatalities may begin to occur at 200 rad and
probably approach 50 percent at 450-500 rad. Statements sucn as
these involving percentages serve to emphasize the factor of individual
sensitivity which may be of the greatest importance. One man, for
instance, may show prostration resulting from a dose of total body
irrudintion of, say, 100 rad, whereas another man may show no appreci-
able disability. The figures for 50 percent lethality in human beings
(450 500 rad) are hypothetical since they are based on the supposition
that there will be no therapeutic intervention. It is likely that with
optimum treatment, according to present day knowledge, fatalities
should rarely occur below a dose of 500 rad. A fatal outcome is
probably inevitable at about the 800-1000 rad dose level, in spite of all
currently available treatment. '

4.4 Curinicar Stace I (IniTiaL orR PRODROMAL STAGE)

There may be difficulty in assessing this phase since it can be
influenced by psychological factors of the individuals involved. The
principal manifestations include anorexia, pausca, vomiting, extreme
sweating, prostration, and malaise. The time of onset and the severity
of these symptoms will depend on the dose. With large groups of
patients a panic reaction may obscure the true significance of the
symptoms in the prodromal period. Mass vomiting, weakness, diar-
rhea, ete., may be anticipated if groups of exposed people are kept
together. For this reason, whenever possible, patients should be
separated and put to bed immediately. Additional injuries, such as
trauma or burns, may further complicate the picture and may tax the
diagnostic acumen of the observer.
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\

" The prodromal stage will be considered from the point of view of
development of symptoms in relation to time, and thus it will be seen
that observations made in the first few hours might enable the clinician
to make a useful preliminary assessment of the situation.

Firss Post-Ezposure Hour: Symptoms during this period indicate
either an overwhelming dose or a severe psychological reaction.

One to Five Hours Post-Frposure: The onset of prodromal symptoms
occurs in this time interval in 90 percent of those exposed to a signifi-
cant dose of radiation. In general, the carlier the onset, the higher the
dose is likely to have been.

In Group I cases, the incidence of vomiting is negligible at 2 hours.
If no vomiting has occurred by 4 hours, the patient is most probably
in Group L. B

In Groups 1T and 117, the onset begins at one hour or soon thercafter.

In Groups IV and V, the timetable of events is accelerated. Earl
onsct of diarrhea, ataxia, disorientation, coma or cardiovascular_col-
lapse is of scrious prognostic importance and will indicate Group V
cases. The amount of intensive care devoted to these very seriously
injured patients will be determined by the total number of cases at
risk and the availability of facilities.

Siz to Eight Hours Post-Ezposure: During this time the prodromal
symptoms reach their maximum intensity.

Groups 111, IV, and V cases show weakness and fatigue, conjuncti- -

Twenty-Four to Forty-Eiyht Hou?s Post-Ezpo

In Group I and IT cases, the prodromal symptoms have subsided.

In Group I1I, IV, and V cases there may be a persistence of symp-
toms with perhaps some gradual tailing off in Group IIL

In Groups IV and V the clinical picture will be merging into that
of the manifest illness without any intervening latent period.

Thus it can be seen that, provided there are no complicating
features such as physical trauma, burns, ete., and no undue psychologi-
cal overlay such as panic, hysteria, etc., it might be possible during
the first post-incident 24 hours to diagnose provisionally from clinical
obscrvation slone the injury group into which the patient falls.

vitis, sweating and paresthesia 4. \.',\%\\;V,ML;L elaa
re:

45 Cusicat Stace 11 (Latent Periop)

In Group I cases there will be no manifest illness and perhaps only
minimal prodromal symptoms; therefore there will be no recognizatle
latent period. Thes2 patients will not need to be hospitalized if such
facilities are limited, although they should avoid excessive physical
activity and should be observed carefully and followed if adequate
facilities are available.

el st g
Sheele

twlas
‘el of

Coq ) :""'L‘

‘.?.\0 lk

< re
3 .

. ™

Sife sl




tonsillar sy
bleeding from t
turia and mel«
and mild purp
loss, and secone
tract, are apt t
Fw’ly to fift@
rin to remit

IS group

tations

Twelve to fo .
is heralded by}

ulceration may |

At 16-18 dgE
rapidly. At ab
and occult b!o
persist and du
Marked pancyt
t i ) : may show almof
wever, hair loss may be most During the fog
ntact with the pillow. Clinical lethargic and i
shown that epilation rarely occurs and diarrhea bell
350 rad and that con ;""' »‘pi!u‘inn from the bowe
h sing loses of 450-600 rad. Howeve r, the skin p'xln or cramps
vy vary with the type and energy level of the radiation and and, in females,
y an extremely rough ‘ Between 25
itient may have received. Epi-
! ies and observation
rve to indicate the geometry of the

ion. Tt can also be caused by beta radiation, ‘ Group IV Cases

nfined to the skin. (See sec. 4.8.)
yme time (18-21 days) various otl linical mani These patien
Chills. fatigue, fever, headache, exerti their total clinic
nay occur. The patient’s general condition deteri gastrointestinal
finemer t to ‘..‘.!

e occurrence of epilation could give onl
parental fluias,
measures, death




e

.
Bl

3 weeks, during
part from some

*, perhaps 5-14

period. Fever,
s may continue
addition, other

Ast‘c'ovzﬁy)

ms attributable
swever, so that
scape detection
night not have
Xiety symptoms
tion syndrome.
il be of great

yoietic form” of

Wy ilation,
Che W@.ribution
body in respect
s may be most
illow. Clinical
» rarely occurs
aplete epilation
wever, the skin
e radiation and
xtremely rough
received. Epi-
ind observation
scometry of the
beta radiation,
18)

r clinical mani-
rtional dyspnes
ondition deteri-
reddening and

g i 3
et SRS o
“ 3 Mg T

* : o -

g

v
(PP L S
2 3 L L w !
Colh SRS, O
23 e S e
.-.4‘1
< i

1)
s
T
i

- ar—

P —

SECTION 4

tonsillar swelling may be seen in the oropharynx and some days later '
bleeding from the gums may occur after brushing the teeth. Hema- 'l
turia and melena may occur or may be detected by laboratory tests (‘v %
and mild purpura may be seen. There is usually a gradual weight
loss, and secondary infections, most often involving upper respiratory
tract, are apt to occur.
Forty to fifty days alter the exposure the clinical manifestations
begin to remit and convalescence usually begins between 60 and 90
days.
Clinica! recovery should be apparently complete within about 6
months, although some weakness may persist longer.

Group I11 Cases:

This group shows an accelerated version of the hematopoietic
manifestations of the Acute Radiation Syndrome, and definite evi-
dence of gastrointestinal changes. Vigorous therapeutic measures
are indicated, although the prognosis is poor.

Twelve to fourteen days after the exposure the onset of symptoms
is heralded by fever and sore throat. Marked pharyngitis with
ulceration may be seen. Within a few days there is hyperemia and
bleeding from the gums and loosening of the teeth.

At 16-18 days post-exposure, epilation begins and progresses
rapidly. At about this time purpura of the skin and mouth are seen &‘Cb‘.u"‘! ‘
and occult blood can be found in the stools. These manifestations W""“’“
persist and during the subsequent week large ecchymoses develop. byui+9
Marked pancytopenia is evident by this time and the bone marrow
may show almost complete acellularity. W@ ecll ot deepron C_

During the fourth post-exposure week the patient becomes prostrate,
lethargic and intermittently disoriented. Oliguria may be noted (av=id
and diarrhea begins, sometimes accompanied by massive hemorrhage “vint
from the bowel. There is often severe and progressive abdominal
pain or cramps and sometimes ileus. Hematemasis and hematuria
and, in females, vaginal bleeding, occur. Vo mibw ,109‘(./ yme

Between 25 and 40 days, in spite of vfé’o'?bus therapy including
parental fluids, nutrients, blood transfusions and other supportive
measures, death may occur, preceded by profound shock and coma.

Group IV Cases:

These patients have received an overwhelthing dose of radiation and
their total clinical course is abbreviated to about 15-30 days. The
gastrointestinal manifestations of the disease predominate and some-
times the total survival may be too brief for many of the characteristic
hematological findings to be observed. Sometimes, however, there
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may be a rapid development of pancytopenia within 7-10 days, 47 Acure Ber
together vith a hemorrhagic gastroenteritis. :

After a shortened latent period, of perhaps 5 8 days, during which The Acute R
fetizue and low grade fever occur, the manifest illness begins with large gamma an
nausea, vomiting, diarrhea, high fever and pancytopenia. There is possible that si
gradual progression of these symptoms over the next several days and of a large part
later there may be blood in the stool or vomitus. Extreme prostration ) electron beam, }

| « o+ and episodes of shock and cyanosis indicate a downhill course unin- A ator, is usually
bloerasso fluenced by resuscitative measures which leads to the demise of the ' tissue in huma
e patient, usually 15-30 days after the exposure. about thirty m
. at most, 10 cm.
Group V Cases: Thus the hazs

These patients received such massive'irradiation that survival is for tions of the effe
a period of hours or perthaps a few days. There has been one well body, perhaps
studied and well documented case of & man who, as a result of a biological effects
criticality neewtent, received an acute dose of about 10,400 rad to the ; the effects of g
head and 12,000 rad to the upper abdomen (fast neutrons plus gamma ' tration may be
rays). The description which follows is based on observations With very la
recorded on this patient [1). ' of the exposure.

A person who has received this order of exposure will show iimmediate with erythema
disorientation, ataxia and mental incapacitation progressing rapidly to Skin sensation d
semi-consciousness and severe prostration. He may complain of and later of pa
scvere burning sensations in the first few post-exposure minutes. necrosis.

After 20-30 minutes, severe cardiovascular shock appears and the Tegether wit
patient may seem to be alinost moribund. He may be incoherent, reaction (analag
retching, vomiting and hyperventilating. The skin may appear : however, this s
dusky, reddish-violet, but may be cold. The mucous membranes Acute Radiatio
i\oe  PPPpear cyanotic and the conjunctivae hyperemic. This paradoxical ' With lm}ver de
o picture of shock in association with skin hyperemia is due to the early (4089 less severe and
appearance of the erythema which was caused by the 1aassive dose of -4'»3 X-irradiation as
irradiation. sues will depend

The shock is manifested by a rapid, hardly perceptible pulse and by the first 2 or 3 d
a precipitously falling blood pressure. as far as the ac

Whatery diarrhea and vomiting occur in the first hour or two and long-term effec
anuria persists throughcut the clinical course. ' effects are beyor

Some coherence may return to the patient, during which time he may
complain of cramps. Physical examination is likely to reveal nothing i 48 Rapuarion
abnormal apart from th.e fc-:aturcs already described. The high Epilation has
temperature may be maintained for several hours and then fall. of radiation inj
Lymphopenia and marrow destruction may be observed within hours Beta-ray injury
of the accident. d

: . -i . gamma and ne

The illness terminates fatally following increasingly severe restless- St astiesie ]

ness, incoherence, abdominal pain and sweating; the patient finally R d: tion d
A adiation de
subsiding into collapse and coma. | radiation. Bet
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