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The effects of total-body irradiation on man have been studied
clinically for about 70 years or since Walsh (1) first described "radiation
sickness" in 1897. Thus it is well-known that exposure to ionizing
radiations can cause a man to become so ill that sometime later he cannot
vork. The dese-response relationships are, however, poorly known (2,3) and
present estimates are based largely ubon conjectures derived by extrapolation
from animal experiments (3) or from experience with radiation accident
victims (4-9), atomic bomb casualties (3, 10-12) and therapeutically
irradiated patients (1-3, 13-16). Because these estimates are all we hzve, -
necessity has dictated their use in planning for civilian defense, radio-
therapy, and occupational meﬁicine, but everyone will agree that they afe not
sufficiently accurate to allow predicting the probability of sublethal doses
of radiation causing deleterious fﬁnc:ional effects that might lead to
sudden or delsyed decrements in performance capabilities (2). 1In developing'
the Estimated Residuzl Dose (ERD) concept upon which most occupational, and
civilian defense medical plans are based today (18-20), the ERD Committea
was not then faced with considering a form of radiation sickness so mild that
medical care was not immediately required bﬁt severe enough to cause
performance failure that could result in death. Although most clinicians
will ggree with the Committee's conclusion that nine out of ten persons
exposed to less than 200 R would not require medical care, little cheer for
space-flight planners is contained in the conclusion that 75 R is the smallest
dose that would cause vomiting in 10% of a human population,when the
Conmittee's confidence in this opinion was only + 25%. Obviously (2) more

accurate dose-response relationships for man are needed before the success
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or fail&re of a‘manned space flight can be predicted with the use of
probability equations for determ%ning the chances that some form of radiation
t}ckness will occur after exposure to a finite dose of radiation. |

Aé present it is not known with certainty how often the symptoms and
sig;; of the prodromal radiation syndrome - anorexia, nausea, vomiting,
diarrhea, listlessness (apathy) and increased fatigability - would lead to
delayed or lowered performance capabilities, but it seems more justifiable
to assume that they would than that they would mot (2). Also, from previous
clinical studies (11-17) the prodromal syndrome {s known to occur after a
short latent period of 2 to 6 hours, with a peak frequency of about 3 hours;
to be self limiting, usually within 48 hours, even at supralethal total-body
doses, and to vary in severity not only in respect to dose but also in
respect to individual susceptibility (2). Although positive assumptions are
usually made, other stresses have never actually been shown to augment the
production of these responses by irradiation, nor good health, in itself, to
decrease them. So from these points of view, it would seem that the prodromal
syndrome probably constitutes the earliest physiologic threat at the clinical =~
level to man's continued performance during and shortly after irradiation.
For these reasons and because the hematologic and fmmunologic faflures of
the acute radiation syndrome are comparatively delayed, it was decided to
concentrate ;pon determining directly the dosage relationships of the earlier
clinically demonstrable effects of tha prodromal syndrome. Previous sinilar
studies (12,17) ﬁave not attempted to derive the effective dose for eliciting
these responses (EDSO) because dosages or observations were not reliable or

not sufficiently numerous for statistical purposes.
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The studies described here are then a preliminary attempt to obtain
probit equations of radiation dose-symptomatic response relationships for
the six commonest symptomns of the prodfomal radiation syndrome - anorexia,
nausea, Qomiting, diarrhea, fatigue, and listlessness. An attempt was also

wmade to determine the 60-day postirradiation LD__ of this group of patients

50
in order to provide an upper (lethal) frame of reference to the éDSO for
these sublethal effects. The studies ware planned so that the 95% confidence
intervals in the measurements would be obtained in order to define the
statistical uncertainties (21).

The 93 patients who had been irradiated for therapeutic purposes in
the Oak Ridge Institute of Nuclear Studies (ORINS) (22,23) total-body |
irradiation facility (éig. 1) and 7 nuclear radiation accident vicfims who
were treated at the ORINS Medical Division (6,8) comprised the 109 cases
studied. Additional case studies of total-body irradiation (approximately
7005 have been obtained from other hospital centers and are in the prosess_pf
being included in the second phase of this studf. All the ORINS patient§ had
either an inoperable malignancy or a blood dyscrasia for which they had
previously been treated by conventional means; the disease was in relapse
at the time of their exposure. A 3-day period of study preceded the single
radiation exposure. Eighty-four patients were exposed to 50, 100, or 300 R
.of cesium-137 gamma radiation, at the rate of 0.75 to 1.6 R/minute. Nine
others were exposed to opposing-beam irradiation with cobalt-60. Seven of
the study cases were normal men accidentally exposed in a nuclear criticality
incident. After radiation exposure, clinical and laboratory observations

were made for a period of 6 weeks during which the therapeutically irradiated



«5-
persons did not .receive other therapy unless the condition of the patient
demanded abandoning the study. The clinical dosimetry was done using
compartmentalized water phantoms (Fig. 2), Victoreen ratemeters, and the
aqueous ferrous sulfate system (Fricke dosimeter) (23). The dosages of the
7 accident cases were determined by a rok-up of the accident at the site as

previously reported (24). To relate the absorbed dose from exposure to the

. different kinds of radiations to an acceptable standard unit, the midline

air dose and the first collision dosés in the neutron exposures were converted
to midepigastric rads (Fig. 2) on the basis of the depth-dose measurements
for cesium-137 and cobalt-60 (23), and appropriate quality factors for
neutrons and gamma rays from critical excursions (24). The resulting 160
mi&epigastric doses we¥e found to be clustered in 4 groups of unequal numbers
of cases. The arithmetic and gecmetric means of each group ware used
respectively for the subsequent linear and logarithmic Iihe fitting programs
(21).

An encodement was made of symptoms, signs, and lzboratory and nursing
observations, which enabled pertinent 1nforma£ion from the cliaical chart
to be extracted for the 6 weeks following exposuie and coded digitally by
trained clerical personnel. Physicians were not allowed to decide
intuitively or otherwise whether a recorded symptom or sign was or was not
related to radiation exposure, although it was well-known that some of these
patients were exhibiting them without radiation. The coded observations
were arranged and stored on magnetic tape ;nd programs were devised for data
retrieval. Seven quantal clinical responses - anorexia, nausea, vomiting,

diarrhea, fatigue, listlessness, death - were studied. 'Systems vere
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developed for ea?h symp;om or sign that enabled the computer to determine
from the encoded data whether or not each of these seven responses occurred
during prescigbed postirradiation periods in egch case. The percentage of
responders per dosage group was determined and a probit analysis of linear
dose-response and log dose-response relatiouships was perforﬁed. Tﬁe chi-
square goodness-of-fit of the resuiting regression lines and the 95% confidence

limits were then obtained.

Results

The incidence of only five of ‘the six prodromal reSpoﬁses was
determinable because the existence of listlessness or apathy was not noted
in these data a sufficient number of times to enabie it to be studied
quantally. The incidaonce of anorexia, nausea, and vomiting are shown in
stl; JA. As énahtal responses, these three symptcms and signs were defined
as occurring or not during the first 48 hours postirradiation, even though
in most instances the effect occurred within the first 6 hours after exposure.
The apparent practice of clinical and mursing staffs as well as the patients
themselves to not report or record nausea if vomiting occurred and to rot
report or record a;oréxia 1f.nausea occurred, forced the ;ccept;nce of the
clinical notion that these responses are 3 degrees of gastrointestinal
distress rather than 3 separate or unrelated symptoms. Therefore, the
vumber of persons in this study experiencing anorexia consists of thoée who
Tefused their meals, or were hauseated, or vomited; and nagusea consists of
those who were nauseated or vomited. -The 100% incidence of anorexia 15 the

1ghest dosage group required the use of a correction factor in the use of

this data point in the probit analyses (21).
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YABLE 1A

Frequency of anorexia, nausea, and vomiting in single
radiation exposure of therapeutic and sccident patients

of ORINS Medical Division.

Mean Dose . Total Anorexia Nausea Vomiting
(Rad) Cases Yes % Yes % Yes %
317 30 5 17 4 13 2 7
65.2 38 16 .42 11 29 .8 21
187.5° 2 21 95 17 17 15 68

303.8 10 10 100 8 80 7 70
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The incidence of fatigue, diarrhea, and death are shown for the &
dosage groups in Table IB, as the quantal response during the entire 42-day
ppstirra#iation observation period. An attempt to confine the quantal
measurement of occurrence of fatigue and diarrhea to the first 48 hours after
irradiation revealed that these symptoms occurred during the first 48 hours
only in the highest dosage group, an observation well-supported by many
previously reported studies of supralethally irradiated accident victims
(3,9,12). The entire 42-day clinical observation period was therefore used
as the quantal-response time base for these two effects. No deaths occurred
in any group between 42 and 60 days, so the time base in tbis instance can
be extended to make this LDsq conform to the 60-day interval as is cusﬁémarily
used for man (3). - |

To illustrate the results of the line-fitting program, the probit
analvses for anorexia in 2 days and death in 60 days are graphed in Figs. 3
and 4. The probit regression formulse arz shown in Tables 1I and III along
with the EDgq for these responses resulting from linear or log-dose trans-
formation. The chi-square goodness-of-fits are shown and compared in
Table IV. Some question may be raised about the adequacy of the fit of these
data to the regression lines for all responses and dosage expressions. Ihe
95% confidence intervals for the ED¢, point of all of these probit regression

lines are shown ia Fig. S.

Discussion

These results expressed as EDSO for radiation induced anorexia,
nausea, vomiting, and diarrhea, and the LDSO for 60 days postirradiaiion

death of man agree well with the majority of dose-response estimates derived
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TABLE 1B

Prequency of fatigue, diarrhea, and death in single
radiation exposure of therapeutic and accident patients

of ORINS Medical Division.

Mban'ﬁose - Total Fatigue Diarrhea Death

(Rad) Cases Yes % Yes % Yes %
1.7 3 6 20 & 13 1 3
65.2 38 18 47 5 13 5 13
187.5 22 15 68 9 41 7 32
303.8 10 6 60 9 9 5 50




TABLE 1I

Probit analysis of effective doses for gastrointestinal

" and systemic clinical responses to total-body irradiation

in man (using arithmetic dose).

Clinical Equation
Response P=a (dose) + b EDg, * S.E. (m)
Midline
Probit Units Epigastric Dose Air Dose®
(a) (b) (Rads) (R)
Anorexia®  0.017 3.609 82 + 32 124
Nausea® 0.008  3.837 138 + 20 209
Vomiting®  0.008 3.588 173 + 18 262
Patigue® 10.0C4  4.428 136 + 36 206
Diarrhea® 0.008 3.441 194 + 19 294
Death? 0.006 3.347 - 2Bl + 44 425

3 As if all doses were from cesium-137 gamma rays, so
66 absorbed tissue rads = 100 R measured in air at
theoretical midline without the patient present.

b Inctdence of response through 2 days.
€ Incidence of response through 42 days.

d Incidence of response through 60 days.
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TABLE III
Probit analysis of effective doses for gastrointestinal

and systemic clinical responses to total-body irradiation

in man (using log-dose transformatiom).

Clinical T : :
Response P= a (log dose) + b EDgq + S.E. (m)
Midline
Probit Units Epigastric Dose Air Dose®
(a) (b) (Log, ; Rads) {Rads) (R)
Anorexia® 3.431 - 1.275 1.8291 + 0.0837 68 101
Nausea® 2.301 + 0.362 2.0152 + 0.0660 104 157
Vomiting® 2.369 - 0.061 2.1360 + 0.0640 137 201
Fatigue® 1.329 + 2.360 1.9868 + 0.1068 97 - 147
Diarrhea® 1.895 + 0,712 2.2622 + €.0900 183 277
Deathd 1.734 + 0.665 2.4999 + 0.1670 316 480

8 As if all doses were from cesium-137 gamma rays, so 66 absorbed tissue
rads = 100 R measured in air at theoretical midline without the patient

. present. ' : .

b Incidence of response through 2 days.

€ Incidence of response through 42 days.

9 Incidence of response through 60 days.
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TABLE IV

Comparison of chi-square goodness-of-fit of probit

equations using rad dose (Table II) with those using

logarithmic rad dose (Table II1),

Dosage Expression

Response Rad Dose Log-Rad Dose

x2 %  "Conf"® X2 %  "Conf™"
Anorexia 0.3965 84 75  1.2087 53 .-
Nausea 3.7305 15  --  0.7888 65 81
Emesis 4.6525 S° .- 0.7888 65 84
Fatigue 5.8577 5P .- 2.3117 31 K75
Diarrhea 1.5316 46 80  6.0994 S® .
_Death 1.2043 53 ==  0.2047 91 84

& nConf" expresses the level of confidence in percent that
a significant difference in goodness-of-fit exists between
that obtained by rad dose end log-rad dose usage.

b Borderline acceptable fit.

Chi-square (Xz) calculated for 4-point probit fit, using
2 degrees of freedom.
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in other studies and reviews (2,3,11,25-28). The 95% confidence lirits
about the regression lines indicate, however, that these numbers can be used
only with prudent restrictions. Greater precision may be needed in clinical
recot§ing of symptoms and siéns or in the objective digfital encodement system
used in this study. The failure, however, to obtain meaningful data about
the incidence of listlessness or apathy, and of fatigue ;fter radiation
exposure would seem to reflect other difficulties. Since most hospital
patients with advanced maltgnancies suffer from mental depressions and
anxieties, listlessness, apathy, and fatigue might be expected to be so
common that any increased incidence would be obscured or go unnoticed unless
specific tests were made by the clinical staff to elicit quantitative rather
than quantal responses. oﬁservations among the Japanese casuslties (10-12),
the Y-12 and other accident cases (4-9), moreover, indicate that "fatigue"
should be modified conceptually a; a radiation response to be increased
fatigability (3), since this effect is manifested best when work is attempted.
Even so, the present study supports the view (3) that this effect may not be
part of the prodromal syndrome, but a delayed symptom belonging more properly
with the delayed symptoms of the acute radiation syndrome itself. Diarrhea,
similarly, does not appear to be a symptom of the prodromal response per se.
Its occurrence immediately aftgr total-body exposure in the prodromal time
period is a sign of massively supralethal radiation exposure and portends
an early death from central nervous system, cardiovascular, and gastro-
intestinal damage (3,29). The present study shows that an absorbed tissue
dose of about 200 rads will cause half of those so exposed to develop diarrhea

sometime later during the 6-week postirradiation period. The EDgq for this
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response approaches the lethal range of radifation dosage. Whether the
1n;1dence of this symptom in this population has a statistical correlation
with the observed deaths is being studied. ‘

Besides.agreeing with previous dosage approximation by others, these
results also show an internal agreement that appears logical as well as
intuitively fortunate as shown in Fig. 5. Clinically assumed‘severity of
response varies in proportion with effective dosage. The choice of which
set (Table II or Table 1II) of derived EDgqy's to use (rad versus log-rad) is
made difficult by the failure of the statistical comparison of the goodness-
of-fit data tabulated in Table IV, to support the almost universal contention
that the biologic responses to radiation exposure aée 11near1§ rather than
logarithmically distributed. This linear assumption is forced upon the
clinician as well'as the radiobiologist by the ccmmon observations that all
animzals including man have lower and upper thresholds of radiation dose-
response. The fmpressively greater confidence levels in goodness-of-fits of
the regression lines with log-dose usage would seem to imply that the data
reported here are distributed better log-normally. Figures 6A and 6B show
the distribution of s;nsitivities (probability densities) of these response:z
in relation to dose that result from the two different dosage usages.
Illogically, no log-dose is too small to produce a given response and none
large enough to effect 99% of the pépulation until unacceptably large levels
of radiation are reached (about 10,000 rads for the LD99). This disagreement
with practical knowledge is {llustrated better by Figs. 7 and 8, which
compare the distribution of two sensitivities that might be "expected" from

the studies of others (derived from Langham, Brooks, and Grahn, Ref. 2) with
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that "fo;nd" in this study using log-dose. The sensitivity to prodromal
re#ponse has no lower threshold (Fig. 7) and that for death has no upper
one (Fig. 8). 1In view of these discrepancies and the need for tolerance
limits, linear dose relationships would seem preferable in spite of their
poorer statistical support. *he actual EDso's obtained by the two methods
are not statistically significantly different as the overlapping 95%
confidence limits illustrate in Fig. 5.

Figure 9 locates the LD__'s obtained in this study in reference to

50
the ranges (27,28) of lethal doses with which most observers would agree.

The LD50/6Q is considered the best expression of the median lethal dose

for the acute hematologic syndrome in min and, therefore, the number th;t
might express best the radiobiologic relation of man to other animals in
regard to relative radiosensitivity, and recovery rates from radiation
damaze. We must remember, however, that the present estimate of LDSO/6O

for man of 281 + 44 epigasﬁric rads (425 + 66 medial air cose in R) is based
upon the incidence of death among 93 patients who because of their advanced
malignant diseases had a high probability of dying in spite of radiotherapy
rather than from it. This LD50/60 is, thefefore, heavily biased by an
uncorrected incidence of nonradiologic death. That it is not significantly
different from previous estimates is surprising (3). Since it would seem
justified to assume that diseased populations would be sensitized to show
increased responses in all categories of radiation induced effects, including

death, these ED.,'s and LDg, might be considered the least doses required

50

for these responses, and perhaps should be increased for normal adult man.

The correction‘qf such data derived from sick man to numbers that can be used
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to predict the dose-response telationships of well man 1s not much more
certain than the process of deriving the LDgy of man from that of the mouse.
Statistical methods are, of course, available for correcting dose-response
probgbilities in the presence of a natural incidence of that response in the
study population (30). The native incidence of the responses studied here
without exposure (zero intercepts: Table II, column b; Figs. 3A,4A, and 6A)
may be the best measure of initial error in the data caused by disease.
Its use here as a correction factor is more complex than usual because the
hematologic responses of some of these patients (to b? reported) show that
the total-body irradiation was therapeutically effective, and altered to an
unknown extent the death-pfobability of some of the patients being treatéd.
No dose correction factor for converting these EDso's from sick to well man
is now available. Therefore, it is hoped tﬁat the incorporation in the
futuzz of the studiss of others upon thé effect of total-body irradiation

upon ncnhematologic diseases will enable such a correction to be meade.

SUMMARY
The dose-response relationships for anorexia, nausea, vomiting,
fatigue, diarrhea; aﬁd death were determined retrospectively without
correction for natural incidence of these responses in 100 patients, 93 of
vhom suffered at the time from various blood dyscrasias. The EDgq, for the
.le;st prodromal response, anorexia, was determined to be 82 + 32 absérbed
epigastric rads. The LDSO/60’ uncorrected for nonradiologic deaths, was

found to be 281 + 44 absorbed rads as from a midline dose of 425 R.
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Fig. 1

Fig- 2

Fig. 3

Fig. &4

Fig. 5
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LEGENDS
Scale model of cesium-137 total-body irradiation facility

used in the radfotherapy of 87 of the 100 patients studied.

Adult water phantom isodose curves of cesium-137 total-body
irradiation facility showing (shaded area) relative volume
and location of absorbed tissue dose (average epigastric

rad) used as the common dosimetry unit in this study.

Computer derived probability regression lines and 95%
confidence intervals for the quantal postirradiation response,
anorexia within 48 hours, in relation to linear (A) and
logarithm (B) epigastric rads of total-body irradiation. The
dotted'line {s the expected dose-response relationship

according to other studies.

Computer derived probability regression line and 95% confidence
intervals for the quantal postirradiation response, death
within 60 days, in relation to linear (A) and logarithmic

(B) epigastric rads of total-body irradiation. No corrections

for death from causes other than irradiation were madec.

Comparison of the EDgq's and their respective 957% confiden;e
l1imits derived from linear and logarithmic dose-probit snalyses
of percent incidence of anorexia, nausea, vomiting, diarrhes,
and death in 100 hospital patients. The responses are arranged
in o:der of increasing clinical severity assumed from the rank

of the effective doses.



Fig. 6

Fig. 7

Fig. 8

Fig. 9
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Graph of the frequency distributions of population sensitivities
(£irst derivatives of.the probit regression equations) for
anorexia, nausea, vomiting, diarrhea, and death in respect to
change in linear rad dose (A) and logarithmic rad dose (B) of

total-body irradiation.

Graph comparing human sensitivity to prodromal syndrome "expected"
from previous estimates with that derived from the response-dose

relationship determined in this study.

Graph comparing the human sensitivity to death within 60 days
after radiation exposure "expected" from previous estimaﬁes with
that derived from this dose-response relationship determined in

this study.

Graph comparing the linearly and logarithmicly derived LDso's

for man obtained in this study with best estimates of the

United Nations Scientific Committee on Effect of Atomic Radiation
(27) and the National Academy of Science - National Research
Council Committee on Biological Effects of Atomic Radiation (28)

adapted from Langham, et al. (2).



P

SNIE0-U3NO0Ig 03V

AV TV

INLLIFNNOD ~T2ZVW

OO0 —
LNIHLYFHL

.
.

PIYTTIy

R T TP

o

aramy




ADULT PHANTOM

1SODOSE CURYES FOR 1ONGITULINAL

NC FILTER

MIDEPIGASTRIC

66 AVERAGE
RADS

* AEG BIOMED-ORINS ({117




' 7.50—

~ PROBIT OF ANOREXIA+ NAUSEA+EMESIS

T LA/
6.50
| vaw
6.00! / / /
’ / EDsc;
550} .//,//’ 82 RADS
5.00F—/— '
e
4.50\-/— /
4.00 T
3.50 // '
300/ —
250 00 B0 200 250 300 350

— 0 50

.

DOSE (RADS)

' AEG BIOIMED-ORINS




~
O

0
"o

0
o

o
3

. EDSO .
68 RADS

IOIR

o
o

s
4]

g
(®

PBOBIT OF ANOREXIA + NAUSEA + EMESIS
o

b

]

- O

0.5

0 15

20 25

3.0

COMMON LOG DOSE (RADS)

AEC BIOMED-ORINS




L O,

D
oL
o

e

. PROBIT OF DEATH WIT
O
O

o
o
O

. 300

250

LDgo' .
28! RADS
425R

® .

A7

-

pd

1
-

-
s

L~

~*0 50 100
T DOSE (RADS)

I50 200 250 300 350 -

AEC BIOMED-ORINS




~
o

o
o

o
o

LDso "
316 RADS -
480 R

%
o

o
(@)

N
O

oy

PROBIT OF DEATH WITHIN 60 DAYS
- O

"
A0

19}

/j/

SN
oO

05 10 20 25 30 |
COMMON LOG DOSE (RADS) 2

AEG BIOMED-ORNS, *




st s g A A G am Yo S SN o iee e e NS, N

SNIHO-d3Kn0lg 23V . .
- {SAvY JIMLSV9Id3) 953500 IAILD3443
000l 00l SR 0| B
_.__u_ i i R ____;n_ P i i i .
R o VIX3HONY
.,. | : e | -

— | _ <u.m:<z. =:
. o . @

114 JIWHLINVOOT —+ +—o—y S
* JARLIEVOOT === +- ONILINOA |Z

L4 yvann —>+o0—

| .-

>~— ' y3HYuvIa

[ -

e —o— H.v3a

10 %G6




50 200 250 300 350

DOSE (RADS)

O &0

.\\\
N St f
T LSS : .
o e B
< K Vi sE
A o\ o U
[ .s\\ s O
N =
< it 5 W\F
3 i\ |
W ke
oz by
o AS —
M .
N \, -
4..../0..,“ | _
-, N 7
", /a A
m (@)

AEC BIOMED-ORINS

100




2.00

@
o
|

o
@)
l

o
?

(SENSITIVITY TO A LOG DOSE)
8 8 3 B !

ANOREXIA

£-0.80r |
2 —
“QJO.GO— ' / '\,
> | FATIGUE . L N\
S 040+ "o
|
00.20F
o o
a 3 a _
o) ] ] 1 | l l
10 13 15 18 20 23 25 28

LOG DOSE (RADS)

AEC BIOMED-ORINS




o — - o

o

FREQUENCY DENSITY (SENSITIVITY TO A LOG DOSE)

o s > EXPECTED
8- R PRODROMAL
- i SYNDROME
2
m.l
al-
0, T T ...._.: . T T .__ T
10 100 1000

TOTAL-BODY DOSE (EPIGASTRIC RADS)

AEC BIOMED-ORINS




\—mw_
: R

O .

-

< )

2 16k

p

n e

=

_...w..lU I | _ . |

z L .| | e0-Day DEATH
._mopm... | N |

L [

<

&

5o

N o

5

moo_lu\\J =7 T T T T T T T T T T
o .10 100 1000

._.O._.br..moo< DOSE (EPIGASTRIC RADS)

AEC BIOMED-ORING




W O
o

-~
@)

S 3

o

PROBABILITY OF DEATH (%)
W

A

AL

LDsg ESTIMATES

%‘g:‘w‘yg sy -
;:o'o’&‘v X L5 %
ey
. Sy
\ SN
SN
&7

NG
Q&h%;(g %

ORINS
OLINEAR
© LOGARITHMIC

[ 1 L | 1

A O\

N
e

2 3 4 5 6 7 8
IDEPIGASTRIC DOSE (I00 RADS)

i 1 ] i l i 1 i |

=-r

0

N

.

>4 6 8 10
MIDLINE AIR DOSE (100 R)

- TOTAL-BODY IRRADIATION

-AEC BIOMED-ORINS




