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Criteria for Evaluating Gamma Radiation Expcsures
from Fallout Following Nuclear Detonations'
' GORDON M. DUNNING!?

IE RADIATION factor of greatest im-

mediate concern to man in the fallout
incident to nuclear detonations is the ex-
ternal gamma radiation emitted from ma-
terial after deposition on the ground.
This is the only factor that will be dis-
cussed here. -

COMPARATIVE RADIATION DOSES AND
BIOLOGICAL EFFECTS

In evaluating the biological effects of
gamma radiation exposures from fallout, it
is natural to turn to the many experi-
ments that have been performed in the
laboratory. In making a comparison,
however, certain differences between the

- two sets of conditions necessitate consider-

ation.

First, in the laboratory, narrow-beam
exposures, unilateral or bilateral, have
been the rule, while radiation from a fall-
out field may represent a source in radial
geowetry, t.e., the radiations reach a given
point from material which is spread over a
plane. A usual laboratory method is to
measure the air dose rate from a unilateral
or bilateral source at the proximal sur-
face of the subject, and to report the dose
required to produce a given biological
effcct. For larger animals this dose may
be significantly higher than one calculated
by integration of the air dose all around the
subject, which, in essence, is the situation
when an air dose rate measurement is taken
in a fallout field. Thus, biological effects
comparable to unilateral and bilateral ex-
posures may be produced by lower air
doses as measured in a fallout field.

This geometry factor has been shown to
have genuine significance for large ani-
mals, such as swine, where the LD 30/30
values (the instantancous dose of radia-
tion that will cause one-half of the ani-

mals to die within thirty days) decreased
from 500 to 350 or 400 r when the methad
of exposure was changed from unilateral to
bilateral (1). Still further reductions
might be expected in changing to exposure
from a source in radial geometry.

Second, an experiment with Rhesus
monkeys (2) in which 250-kvp x-rays
were used gave an LD 50/30 value of 530 r.
A significant number of the monkeys died,
however, after the thirtieth day. If the
survival data at one hundred days (the
extent of the data reported) were utilized,
the figure (LD 50/100) might be ciose to
430 r. While it is proper to report and use
LD 50/30 values for experimental pur-
poses, such values are less relevant in the
present study, since we are concerned with
the general health and welfare of the pub-
lic. Itis asserious for a tnan to die on the
one-hundredth day as on the thirtieth day.

That the factor of deaths after thirty
days may be extrapolated from one primate
to another is suggested by the Japanese
data (3). In the group sampled for Hiro-
shima, the number of reported deaths be-
tween the twenticth and twenty-ninth
day was 137; for Nagasaki the figure was
87. After the twenty-ninth day 117
deaths were reported at Hiroshima and S7
at Nagasaki. (There were, of course,
many deaths in these sampled populations
before the twentieth day.) The difficuit
task of accurately recording, isolating, and
identifying the causes of these deaths is
recognized, but an analysis of the extent
of radiation injury and the time of death
would strongly indicate that radiation was
a major factor in a significant number of
the fatalitics occurring after the thirtieth
day.

The final difference. between laboratory
exposures and doses from fallout requiring

1 Presented at the Forty-first Annual Mceting of the Radiological Socicty of North America, Chicago, I,

Dec. H-105, 1935.

? Health Physicist, Division of Biology and Medicine, U. S. Atomic Energy Commission, Washington, D. C.
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consideration is the energy spectrum of the
radiation. The gamma spectrum emanat-
ing from fallout material is complex. In
Graph 1 is shown the gamma spectrum for
fallout after the detonation of March 1,
1954, at the Pacific Proving Ground (4),
with the estimated percentage contribu-

“{jons of the gamma quanta of differing

cnergies (million electron volts). It is

DUNNING Ajcil 1956

the Pacific Islands, the winds were light
and the first rainfall did not occur until
about two weeks later. Graph 2 shows
the gamina dose rates taken at 3 feet

above the ground on the island of Rongelap

over a peciod of nearly a year. In the
first ten days the decrease in activity, or
disintegrations per unit time, is roughly
consistent with the known radiological de-

20

o
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GAMMA ENERGY (MEV)

Graph 1. Percentage of total dose contributed by gamma quanta energies shown (million electron volts).

recognized that such spectra may vary and
that any single value may conceal impor-
tant features, but an estimate of 0.7 Mev
mean energy has been quoted as a first
epproximation (3).

WEATHERING AND SHIELDING

The variable nature of the two param-
eters of weathering and shielding makes
establishment of a precise rule, covering
all situations, impossible; yet these factors
are operative in determining the total ex-
posure received from fallout.

One example will be used here to give
some perspective as to weathering effects.
After the detonation on March 1, 1954, in

cay rate for fallout material, 7.e., a slope
of minus 1.2. The break between the
tenth and twenty-fifth day, therefore, un-
doubtedly represents the effects of rain
(and possibly winds), which was known to
have occurred. The rest of the points
fall roughly on a line of (time)~!7, re-
flecting principally the effects of weather-
ing and possibly, to a smaller degree, the
fact that the number of gamma guanta re-

~leased per disintegration decreases after

the first thirty to forty days. In employ-
ing these data, however, one is faced with
the problem of translating the effects from
a Pacific island to larger land arcas with
different climatic conditions.

.
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Ncither the exact time of winds and rains
nor the precise extent of dosc-rate reduc-
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TasLe I: EstMATED ATTENUATION FACTORS oF
Gauma Doss RATES FrROM FALLOUT

tion can be predicted. These two param- Approvimale
sters are obvious] uanta cvents to Structure Factor
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DAYS AFTER DETONATION

Graph 2. Gamma dose rates on the island of Rongelap following »detonatic'on of
March 1, 1954,

tivity is assumed to decay according to
(t) -2, for the second week (t)~!-3, and for
the third week and thereafter. (t)~-4
Justification for such values lies not in the
high probability that they will occur at
these times but rather in the necessity of
generalizing (probably conservatively) in
advance, so that some estimate of the
parameter of weathering may be incorpo-
rated into evaluations of possible future
contamination.

Field measurcments, as well as calcula-

tions, have indicated the attenuation of
gamma dose rates to be expected from the
shielding afforded by various structures.
Obviously, there will be wide differences
in this respeet, depending upon the type
and_size of the structures; Table I gives
some rough estimates of this factor of
shielding. For the moment, let us con-
sider a situation in which no special evasive
measures arc taken and people continue to
live normally in the contaminated environ-
ment. Great varation in the amount of

— rew o s ———

Wk e A,



588

accumulated radiation dose may be ob-
served, dependent upon the location of
persomnel in relation to different types of
buildings or natural terrain features and
on the length of stay at a particular place.
< During the 1935 nuclear test serics at
the Nevada Test Site, a number of film
badges were placed outside and inside

GorpoN M. DUKKNING
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badges as they went about their normal
activities in adjacent communities. QOut-
of-door radiauon doses were calculated on
the basis of the survey data of monitoring
teams shortly aiter fallout (as would be
done in emergeucy situations); these were
later compared with the doses indicated
on the personnel film badges. The ratio

100 ~
— ] -.'
b—‘ - — L4
5 .
=
o }
= 7th hour -
g I
w
o
8 3rd ho
ur .
2. |
o 8 press
Y]
?: /
S .
o .
o
< = . . 1st houe %
e 5 . Times after delonation
/ of initial fallout
1 1 1 y ¢t 1t 11 1 1 $ 1 1 11
1 10 o

DURATION OF EXPQSURE FOR TIMES IMMEDIATELY FOLLOWING DETONATION
' (DAYS)

Graph 3. Estimated average accumulated gamma radiation doses for personnel
continuing to live normally in a contaminated area, based on a dose rate of 1 r per

hour at time of fallout.

school buildings. The ratios of out-of-
door to indoor doses ranged from 1.3 to 7.
As anticipated, one-room frame buildings
generally provided the least protection,
with multiroom single-story concrete block
" buildings falling within the upper range of
values. Since the duration of the ex-
posures was generally less than one week,
the effect was undoubtedly due principally
to shiclding rather than to weathering
effects. Limited data were also collected
for personnel—school teachers, physicians,
mechanics, and others—weanng film

Sce text for assumptions.

of doses measured on film badges to those™

calculated for out-of-doors generally fell
between 0.4 and 0.5. Duration of ex-
posure ranged from two to three weeks.

On the basis of these data the dose with
.shielding during normal occupancy of an

area may be conservatively estimated at
25 per cent less than that received by per-
sons fully exposed for twenty-four hours
each day.

One may combine the assumptions made
for weathering and shielding and arrmive
at a family of curves which estimate the

-
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-

accurnulated radiation dose for persons
living normally in a contaminated area
(Graph 3). Since Graph 3 is based on an
essumed dose rate of 1 r per hour at the
time of faliout, the accumulated doses may
be linearly extrapolated to any other dose
rate at fallout. For example, if fallout be-
gins at three hours after detonation and the

ship for timed doses versus biological
effects; yet there are sufficient convincing
data to permit an attempt at estimating the
cflect of this phenomenon.

Dlair (6, 7,) Smith (8), Davidson (9),
and others have made extensive analyses
of existing data on the effects of time-
spaced doses for several species of animals.
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Graph 4. Ratio of total sccumulated equally fractionated daily gamma whole-body doses to a one-day exposure

* to produce the same whole-body eflects.

¢
dose rate at that time is 10 r per hour, then
about 90 r might be accumulated by per-
sonnel continuing to live normally in the
contaminated area.

TIMED DOSES AND BIOLOGICAL EFFECTS

It has been recognized that, in general,
the longer the period over which a given
radiation dose is delivered, the less is the
resultant biological effect, except for such
aspects as the genetic. Since past experi-
ments usually have been designed for
other purposes, the data from these do not
readily elucidate the rate of repair or the
proportions of reparable and irreparable
damage resulting from differently timed
doses. Varying relationships have been
demonstrated, depending upon the species
or even the strain of animal, as well as the
criteria selected for study, such as skin
damage, life shortening, and LD 30 values.
Our present knowledge does not permit
establishment of a precise overall relation-

Generally, the recovery rate for larger
mammals, such as dogs, is significantly less
than for mice. One estimate places the
half-time recovery for man at four weeks
(9). The most conservative estimate of
the effect of time-spacing of doses, for
application to the problems under discus-
sion, is that of Davidson. On the basis of
his analysis, a plot has been constructed
(Graph 4) of accumulated, equally frac-
tionated daily doses versus an acute ex-
posure which would result in the same
whole-body effect (death or sickness).
This analysis indicates, for example, that
if a radiation exposure is divided into equal
daily doses, the total amount accumulated
over ecighty days would be twice the
amount required by a one-day exposure to
produce death or sickness.

The calculations necessary to incorpo-
rate the factor of timed doscs into those for
radiological decay, weathering, and shicld-
ing are rather tedious. An approximation
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mzy be made merely by superimposing
Graph 4 on Graph 3; the point where the
curves became tangential is the point of
maxiinumn cffect to be expected from doses
accumulated from fallout. It is not in-
tended to imply that no further radiation
damage is received from exposure after

- Apeil 1058

of the total dose accrues from fallout dur-
ing the first part of the exposure pericd.
This more rapid rate of delivery might in-
crease the percentage of irreparable dain-
age to some cxtent. On the other hand,
a greater proportion of the biologicai damn-
age would occur early in the exposure

TTTT7

GAMMA DOSE RATES (THREE FCET ASOVE GROUND)
(MILLIROENTGENS PSR MOUR) ‘
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Graph 5. Approximate gamma dose rates at time of fallout to produce an esti-
mated eflective biological dose of 1 r for personnel continuing to live normally in a
" contaminated area. See text for assumptions.

that time. Rather, the analysis does in-
dicate that if the accumulated dose from
fallout up to the time of tangency is not
sufficient to produce death or radiation
sickness, than (a) the rate of repair (for the
reparable portion of the dose received) will
exceed the rate of exposure thereafter,
and, of course, (4) the irreparable fraction
of the total dose for the duration of the
fallout will be insufficient to produce these
whole-body effects. It is recognized that
the rates of dose accumulation as calcu-
lated by the two methods (Graphs 3 and 4)
are not identical, since a larger proportion

period, allowing a longer time for the rep-
arable factor to operate before the curves
become tangential. The radiation status
for the reparable fraction of the damage is
thus better at the time of tangency. Un-
til more definitive data are obtaired, this
analysis may serve to approximate the
biological repair factor.

Graph 5 incorporates into a single curve
the major effects due to weathering, shicld-
ing, and biological repair. The radiation
dose arrived at by these calculations is
called tiie *‘effective biological dose."” As
in the previous graph, the accumulated
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- .that arc open to discussion.
_based on deliberate analyses of the relevant
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TasLe II: APPROXIMATE AREZAS ENCOMPASSED BY
THE EPFECTIVE B1oLoGICAL ISODOSE LINES SHOWN IN
.t Mar (Fic. 1) .

Apprexinate
Isodose Liite Arces Encompessed
(r) (square niiles)
& 25,000
103 ’ 12,500
< 402 5,020

doses may be extrapolated linearly to any
other dose rate at time of failout. For ex-
ainple, if fallout begins three hours aiter
detonation and the dose rate at that time is
10 r per hour, about 67 r (eifective bio-
logical dose) will be accumulated provided
personnel continues to live normally in the
contaminated area.

10 _
015

It is frankly recognized that in any single
curve, such as that shown in Graph 3, there
sre inherent a number of uncertainties
Criteria

67

data, however, may be more valid than
those determined under the duress of an
emergency situation. Such a simplified
graph might provide radiological monitors
with a quick, even if rough, estimate of the
potential hazards and thus assist in making
decisions as to possible evacuation, etc.

FALLOUT PATTERN FROM
HIGH-YIELD WEAPONS

From Graph 5 and data from other
sources (10, 11), an idealized diagram of
effective biological doses for fallout from the
March 1, 1954, surface detonation at the
Pacific Proving Ground has been prepared
(Fig. 1). It is to be emphasized that (a)
different yields of weapons, different wind
structures, and different kinds of land sur-
Jace, would resull in different patterns, and
that (b) this is the amount of fallout fronm a
single high-yield weapon.

The two innermost isodose lines shown
were selected to suggest regions where (a)
a significant percentage of personnel might
be expected to die (400 r) and () a few
per cent to become ill (100 r), assuming

* o amh v a——— vav k. Sewerm .h- 4 A T a A T WS -

® ® @
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Fig. 1. Idealized fallout diagram, based on high-
vield nuclear detonation of March 4, 1954, Isodose
lines represent effective biological doses (roentgens).

continued occupancy of these areas with
no special protective measures. These
percentages would, of course, rise within
the cncompassed areas. The 50-r effec-
tive biological isodose line has no unique
significance but suggests the magnitude of
dose which might call for emergency meas-
ures against radiation exposures even in the
face of other possible hazards. Tabie II
shows the approximate areas encompassed
by the three isodose lines. For areas
where the fallout occurs a few hours or
more following detorzation, many days or
weeks will be required to accumulate the
major portion of effective biological doses,
so that spot decisions involving additional
hazards might not be necessary.

PROTECTIVE MEASURES

The idealized fallout diagram is based
on the assumption that people continue to
live normally in an area and that they do
nothing special to protect themselves.
Actually many measures can be taken to
reduce the gamma radiation dose. These
may be classified under four headings:
1. Evacuation. 2. Useof shielding. 3.
Decontamination of the environs. 4. Al-
lowing for lapses of time before entry into
a contaminated area. These measures
will be discussed only briefly.

Where relatively small numbers of people
are involved, evacration could be an easy
solution. For large communities, major
factors of danger and/or hardship must
be considered. Each situation may be
unique, and independent decisions must be

- pw g
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TainLe 1II: EstraTio Repuction 1IN Gamms Dosz
RaTes AT Turee Fcet ARove THE GROUND TO BE
EXPECTED FROM VARIOUS DECONTAMINATION
PROCEDURES ON LAND SURFACES®

Approsimete

Procelure edudion
Faclor
Plowiug (to depth of § inches) 3
+ Bulldozing or grading (to depth of 4
inches) 4
¥il (clean dirt to depth of 6 inches) S
Seraping (to depth of 4 inches, with
coacurrent removal of exhumed dict) 10

* Based on data in Radiological Recovery of Fixed
)litary lpstallations (12).

made accordingly;. it is not possible to
establish beforehand any general rule of
action based on radiological considerations
slone. ‘The complex factors entering into
this problein cannot be discussed here.
There is available, however, a considerable
amount of data on the radiclogical aspects
of fallout to aid civil defense authorities in
making the decisions which will ultimately
rest with them.

The amount of protection afforded by

-shielding is suggested in Table I. The

exact dose rates that might be expected
from a fallout cannot be predicted, but it
appears reasonably certain that a shielding
factor of 1,000 would, even in the areas of
hieavy fallout, reduce the radiation below
levels which might produce sickness.  Such
a reduction might be attained by about 3
feet of earth or sand or 19 inches of con-
crete. Even the cellar of a frame house
will reduce the dose rate by a factor of
about 10, which might spell the difference
between relative safety and the danger in-
cident to full exposure. In the area of

iaximum contamination, however, located
within the 400 r ellipse of the f{all-
out diagram, a factor of 10 might not be
enough to keep the accumulated dose be-
fow a hazardous level, even for a period of
half a day following fallout; in that case
more protective shelters or evacuation
would be required.

The third measure that might be taken
to reduce the radiation dose is decontamina-
tion of the environment after fallout has
occurred. Table III, based on field data
(12), indicates the degree of reduction in
gamma dose rates at ihree fcet above the

Aprit 1958

ground which might be accomplistied by
various operations on the soil. Table IV
gives reductions of contamination of sur-
faces as estunated by one method of deter-
mination. (Forinore extensiveanalysessee
refercnces 12, 13, and 14.)

The final factor of major benefit in re-
duction of radiation dose is the lapse &
éime. On thie basis of radiological decay

TapLe IV: Estrvated REDUCTION 19 CONTAMINATION
OF SURFACLS UsING A FIR Hosing MEeThon®

Approximate
Surface Reduction
Factor
Concrete - 10
Weod » 80
Metal 30
Roofing 30

* Based on a dry contaminant. For a slurry con-
tawminant, the reduction factors might be only one-
tiurd as great. Pre-protection of wood aud coucsete
surfzces, ¢.g., with sealers or paints, muizht iucrease the
reduction facter by a factor of about 3. (Based on
data in Radiclogical Recovery of Fixed Military
Installations (12)).

alone, the activity (disintegrations per
minute) decreases approximately accordirg
to the principle of (time)~'-%. Thus, for
every sevenfold lapse of time aiter a
nuclear explosion, there will be a tenfold
reduction in dose rate. For example, if
fallout occurs one hour after a detonation,
the dose rate will be one-tenth of its initiai
value by the seventh hour; an additional
tenfold reduction would require about two
additional days of waiting. Similarly, the
total possible out-of-doors dose accumu-
lated from the first to sixth hour aiter det-

onation would be approximately the same

as that from the sixth hour until one weeli:
later. Further, this first-week dose would
be about twice as great as the entire re-
maining dose possible for the lifetime of the
activity, even in the absence of weathering,
This rapid decay suggests the benefits of
protection in the early periods after fali-
9ut and, where possible, delay of entry
into a contaminated area.

The question is frequently asked as to
the time one must spend within a shelter
or remain outside of a contaminated area.
The answer depends upon a number of
parameters, such as the criteria estabiished
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for maximum permissible cose, as well as
length of stay within the arca of contamina-
tion. With knowledge of the magnitude of
the radiztion levels present and the rate of

~ deeay, (t)713, it is possible to plan and

cxccute a short stay even in a highly con-
taminsted area. Planning for conunuous
occupancy requires more extensive anal-
ysis. The following data may aid in such
evaluatiomn. :
‘I'he fallout inap and Table 11 suggest th
degree of radiation exposure received in
continuous occupancy under normal living
conditions beginning with the time of ini-
tial fallout. For those entering the con-

~taminated zone four months after the first

fallout, however, and then living there
indefinitely, the area encompassed by the
50-r cflective biologica! isodose line will
have chrunk from about 23,000 to 2,500
square miles. At such time (four months
after fallout), an area of about 1,000

-~ square miles within the 50-r isodose line

might have the highest residual contamina-
tion, amounting to about three times the
dose rates at the peripkery. The 03 r
per week out-of-doors isodose-rate line
mizht extend to about the same position
«.s the Lne marked 50 on the map.

As one attempts to extrapolate such
data to one year after fallout, the analysis
becomes still more difficuit and uncertain.
The data suggest, however, that if retuin
is postponed to one year aiter fallout, the
50-r efiective biological isodose line will
have disappeared. Qu the basis of these
couservative estimates, the 1,000 square
miles of highest contamination might have
en out-of-doors dose rate of about 4 r per
week after one year. Similarly, personnel
might accumulate a dose of about 100 r for
the first year following exposure and an
additional 90 r over the next three years,

‘independent of the biological recovery fac-

tor. It is to be expected that this factor
would be relatively great for such long
periods of time, thus reducing the effective
biological dose below 30 r. The 03 r
per week out-of-doors isodose-rate line
might encompass an area somewhat larger
than the line marked 400 on the map.

* s smemmmeme e s -aere- -
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(The weathering factor for the islands in
the Pacific has been greater than the as-
sumed value for large land masses, so that
at one year the out-of-doors dosc rate on
these islands was lcss, by a factor of al-
mnost 2, than would be predicted by tiic
method suggested liere.)

The forcgoing analvses are bascd on
passive factors only, not taking into ac-
count the actions of persens themselves n
reducing contamination. If, for example,

- a permanent return into an area were post-

poned for one year after fallout, the radio-
logical situation would probably have bcen
adequately appraised, and decontamina-
tion operations initiated. Moreover, with
the return of a populace into a known con-
taminated area, more than normal pre-
cautions might be expected in regard to
occupancy of the more protective types of
buildings and reduction of time spent out-
cf-doors.

It appears not unreasonable to assume
that the theoretical cut-of-doors dose rates
for the arcas of higkest residual contami-
nation, calculated by means of the extrap-
olations given above, actually migiit be
many times reduced. The data thus
suggest that, with this tvpe of detenation,
continual occupancy even of the most
heavily contaminated area need be pro-
hibited for only about one year.

The task of evaluating radiation cxpo-
sures from fallout is fraught with uncer-
tainties, and one instinctively shrinks from
proposing criteria based on such varables
and intangibles. Yet we would be doing
ourselves a disservice if we did not attermnpt
an analysis of the relevant factors and in-
corporate them into some conceptual
scheme as indicated here. The analytical
approaches, and certainly the quantitative
values suggested, are not to be considered
precise but are intended, rather, to give
order-of-magnitude estimates. It is be-
lieved that they are, in general, conserva-
tive, z.e., thcy do not underestimate the
potential hazards involved.

Divisinn of Biology and Medicine
U. S. Atomic Eucrgy Cormamission
Washington, D, C.
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SUMARIO

Pauvtas para Juslipreciar las Exposiciones a 12s Radiaciones Gamma Procedentes del
Desprendimiento Consecutivo a las Deionacicrnes Nucleares

‘Repisase aqui el problema de la radia-
cién gamma externa emitida después de de-
positarse en la tierra el imnaterial lanzado.
* Las exposiciones a la radizcién proce-
dente de un campo de desprendimiento dis-
czepan de la mavor parte de los experimen-
tos de laboratorio con respecto a la geo-
uciria y al espectro de energia, lo cual hay
quc tomar en cuenta al valuar los efectos
bioldégicos. Ademnas del factor de decaden-
cia radiolégica, los efectos se ven afectados

por la exposicidn al aire, el resguardo (como
por edificios y terreno) y el tiempo de la
dosis. Utilizando estos factores, se oirece
un diagrama idealizado de desprendimiznto
para una explosidn superficial de much
rendimiento, indicando zonas de diverses
grados de contaminacién. Las medidas
protectoras corresponden a cuatro tipos
distintos: (a) resguardo, (L) evacuacisz,
(c) transcurso de tiempo y (d) descouta-
minaciéu,
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The criteria end proc-duraes set forth in the Ifollowing paragraphs

vere ectablished after full consideration for proteciing the bualth ard
welfare of the public, both in terms of radiological exposure as well as

f

i

1
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sud

b

possible hazards, bardships or inconveniences resulting from disruption g?e

of norral activities., Critsrias sre established as gufzlos for the Test

Crganization in determining vhether any spreisl ecticnc chovld ba taksn

to protect the rublic, »
¥ith improved methods of predicting fellout and with the uvsz of

higher towers for detonating the nuclear devices, it is expected that

fellcut in populatzd areas from futurs tcsts et ths Nevads Tost Site

will be leoss than the highsst avourts which have occurred in the past

Two basic sssumptions are mrde in this report:

tests conducted at the Newvada Test Site. é?g
£

1y
b. The operational proccduaes sdovted for mreting 313 :
these criteria and procedurzss shall be the responsi~
bility of the Test Manager, as directed by the Divi-

sion of Military Application, with the technical

o\ guidance of ths Division of Biology and Medicine,

U 4
a. It 1s the rosponsgitility of the Division of L B
Bioleoy and iMedicine to establiish quch criteria and \ : f;
proccdures for th2 Atewic inergy Cozmisaion &s a§¥ £ ﬁ
Geeed nscessery to prot=ct the health and welfare i iy ho
of the general populace freoa cons:guances of weapons @=7 % B

: ]

':_‘;

i

. The following criteria do not apply to domestic or wild animals
since levels of radiation which would be significant to them would
bave to be higher than those specified herein,
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CRITERIA 1

Evecusticon

Introduction

The decisica to evacuszte & corrunity is critical for two principal
reasons. One, presumably there might be a health hazard if the person-
nel were allowed to remain, Two, there is alﬁays an element of danger
and/or hardship to personnel involved in such an emsrgency measure,

It is recognized that extenusting cirvimstances may accompany any
situation where conditions indicate evacuation es a moda of acticn,
The size of tre community, arecs end eccomncdations available for the
evacuees, means of transportation and routes of evacuation, disposition
of ambulautory cases, protection of the property left behind, and’many
other factors may ercter into the decision relative 1o evecuation,
Further, it is recogrized thet urder certcin cenditions, the evacuation
of a community might not only prove rather ineffectiusl but could resulﬁ
in more radiaticn exposure {han if the pepulation remained in place
unless the situation be edequately evaluated. A blanket evaluation
cannot be made in advance; each situstion cen te unigque, The follow-
ing criteria therefore are suggested as gaides in assessing the pos-
sible radiological hazards; the final decision must be made on the

basis of all relevant factors known at the time,




. Criteria
Table Ia summarizes the radiological criteria to be used in eval-

ee

vating the feasibility of evacuwtion.

TAE1E Je

\DICLOGICAL CRITERIA FCOR EVALUATING FEASIBILITY OF EVACUATICH

Effective Biological Dose* Minimum Effective Biologicel Dose
Calculated To Be Delivered That Must BEe Saved By Act Cf

In 4 One-Year Period Fol=- Evacuation (Otherwise Evacuation
doying Felleout Will No% P2 Indicated)

Up to 30 roentgens {(Xo evucuaticn indicated)

30 to 50 rcentgens 15 roentgens

50 roentgens and higher (Evacuction 3ndicetad wiihout

regard ic quantity of dose that
might be saved)

*The "effective biological dose"™ is an ectimate of a biologicerl
flamage" Jose, ieking into account the Jurnth of time for delivery
of a given dose, and ths reluciicn ef Coue due to (a) shielding
affordzd by tuildings end {(b) ihe process of weathering.

Tre rationale for teble la is a=z follows: Tke total effective ti-
ological dosze that would be rzceived if evacustion were not ordered.is
obviously & deiermining factor. Another consideration is the fact trat
such en action as evacuation could be dasngerous to the individuals erd
could 2lso possidbly be detrimznial to = very necessary nationsl effort
of weapons developrent. One must then ask, "Just how much will be geined
(radiation dose saved) by evacuation?" Estimates of these two variables
are indicated in table Ia. Thus, a populace may receive up to a calcu-
lated 30 rcentgen effective biological dose in one year without indicat-

ing evacuation; from 30 to 50 roentgens, evacuation would be considered

A



only if atAleast 15 roentgens could be saved ty such action; and at 50
roentgens or higher evacuetion would be indicated without regard to*the
possible savings in radistion dose.

In maeking a rough estimate of rediatic: doces, one may calculate
r. theoreticsl maximu: infiniiy gamre dose end then crbitrarily divide
by some number such aé 2" for en estirate of dese actuaslly recsived,
Whereas this may be satisfactory as a first approximafion, a more
accurate estimate:should be atterpted, especially when dealing with
doses that might constitute & health hazard,

Oving to the rocessity cf meking early meesurerents and decisicns,
it Is to be expected that dose~rate readings, teken with curvey ::aters,
vill be the available evidence at the times of concern. 7Tsble Ib suz-
marizes the pesrameters considered in estimating an effective biological

dose based on dose-rate rsadings,
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PREDICTING EFFECTIVE BIOLOGICAL DOSES FRCM DOSE-RATE READINGS

b 4
. :’:.r.. B_z. .(.:.t- Q_‘.
’ Theos ~tic1
Mexiwaa I oce
{(fam2d wn Attcruntion Uffecctivs
Bist bketi-- end Piclegicsl
pated lute Biological — Wesihisring  Dose }acLsr
of Decay) Factox Feoior LColu
From time of fallout
until time of evacu- 1/1 1/2 1/2
aticn
Frem tine ¢f evecus
etion o tize of 3/4, 3/4 /2 ex
relLurit
From 72 of retuvon
to & tir: 15 deys 3/4, 3/ 1/5w
after initial fallout*#® '
From 15 fzve until
ouz ze - rfinr 2/3 1/2 1/3
dndiilt ol Zout
TOrATY,
¥This .- .1 concedt that 1f evacuation oo

vion doo

Q
PR
IESErS x

curiain radis

e R - . . 2 3.
he povied of selecind, This tice

2 .l VP - ey - LR 1.
radiavion dese nvad AL cvncustion yope

®%kThis essvass that tha

{2
tine

of vreiurn occurs rofors 15 devse A poriod

of 15 dzys was sclected to provide a dividing point tetwezn the tinec
of 3nitiesl exposure from fallcut to a timec cone yesr later. The 15
days Yrs no uniauc 91;1‘F1c4nce othsr than providingz a tasis on which
to esiinate the bioiciicel fector,

*%%The velue .of 9/16 has been rounded off to 1/2.
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At a lator time after fallout, tetter estimates of radiaticn Joses
received may be obtained from film badge readings or dosimeters, If
these film badges or dosimeters ars worn on porsonnel and theAc1dﬁ:nce
of their use supports the view that the readinzgs are a remsonchly zcour-
ate account of the radliziion dose vezeeived then the valuss recorded on
the film badge or dosimster may bz accepted with a correction factor of
3/4 to account for the difference between the dose received by the film
badge or dosimeter (including backscatter) and that received at the
tissue dcpth of five centimoters. Teidble Ie may be uszd in estirsbing

the effoctive ticlogicsl dosa freom £ilm badge or dosir-ter readincs.

As B. [ De E.
Effective Effectiza
Biolo:icel FRisla~ 2
Lose Trctor SoE
- . L& fmo= N
(Colvmn B {Colvr— A

~ )

Ak . 2 .
S e & L ton et i v r eear

Fron tine of £:211~
vt vntil tize of i/1 3/1, 3/
evecuution

From time of re-
turn to 15 deys 3/L 3/4, 1/2#
efter initisl

fallout

From 15 days until
one year aficr 2/3 3/4 1/2
initial fallout / /

|ﬁ
Q
-3
(=

®The value of 9/16 has been rounded off to 1/2.



Discussion of the Biolezizal Facior, As longer periods of time are
involved in the delivery of a given radiation dose, lesser biolog-
ical effects may be expected. From the tiue of fallout until the
time of evacuation protably will be a matter of heurs, which has teen
considered essentially an instanisnecvs dose, i,e., the blological
dose factor is 1/1. From the time evacuation could be accomplished
to time of return‘probably would be a matter of several days, so the
biological factor has been estimated at 3/4. From 15 days after

-

fallout until ome year Jeter is essentizlly 2 duration of one ye=ar,

50 the biclogicel facter kes been estimated szt 2/3. It will be poted
there is no calculztion afier one rear, because it is expected under
actual conditiicns of radioclogicezl fecay and weathering that protably
no significant dose will be delivered after a year's time in populated

sreas arounid the Nevads Test Slu-.

antities suggested for the
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biological factor cannct t:z suppcrted by conclusive evidence, I is
reasonzble to expzcli tlat {te delivery of ¢ given radiaticn doze over

e period of many days will heve less biologicel effectiveness than an
1nstantaneous one {reglecting genetic effecis) ‘and thet the extenzion

of the period to essentielly one yeer should yield a still lcower tiolsg-
ical factor. One piece of supportive evidence is tre work of Strandgvisi®
where X-ray doses to tke s=kin were fractionated into deily emounts, and £
the biological effects compared to a one-treatment dose. A log-log

plot of total doses versus days after initial treatment yielded straight

lines. For example, the curve for skin necrosis indicated a ratio of

3000/6700 roentrgens for a one-treatment versu i ally frac-
#Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries
Caused by Ionizing Radiations®™. Eritish Journzl of Radiology, Vol. XX,
No. 236, Aug. 1947.
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tionated doses, Cf cenrse, cailly
out are not equally fractionated so that the ratio would be in the
direction of unity. Day-by-day doses delivered from fallout from the
15th dsy to one year are more neerly eguivalent than at early tizes
(ignoring the weathering factor)., Strandgvist data do not extcud
beyond 40 days and it is questicnalle to extrzpolete kis data in =n

attempt to derive a similar ratio as above based on one year, since

Gl e

other uncertainties are so great, i.e., effects of weathering as
affecting the rate of dose delivery, etc. e retio would presum—
ably te further from unity then for & 1l5-day pericd,
relatively rapidly repaired orzau erd thus m2y tend Lo over~emyizsize
the effects of fractionation uhen considering whole-bedy gauta Jcses®,
Cronkite reportsi®
"In the dog, with cobalt gamma rays, the < . thet will kill

50 percent of the dogs in a cﬁthyuday poh * when delivered
in a zinzle dose =zt pougihly 15 r per min 3 approv

275 v, After this duse of rzdiation ths - ~15 bece

within & psricd of 7 to 10 days and deat AN Ve

eignth and twenty-fifth dzy, Hemorrhaso sctions

profound arenlz ere prevalant, IS the < ~ decre

10C 1 per dzy ziven over e fouwrieen-hour 3, b

dose is increasad to £00-800 r., Unier ® enditiens, was
aninals die in approxirately the same o of time vith
identical manifestations. If the expocs: : dropped t2 25 T
per Gay glven over a Ifcurieen-hour peri- > lethel cose 1s
then increased to well over 1200 », ang voptoms end

findings ara changed,”

One problem in such experiments is the evzl: . of poseiiility

that the animals may be virtually dead while the . :sures are con-
" tinued. This might be illustrated in experiments .ing the burro

where the daily doses of 400, 200 and 100 roent. riven to three

separate groups required 3600 to 4000, 280U to 3. and 2000 to

¥See Addendum, page 28,

*#¥Medical Aspects of Radjologizal Defense, Cronki -, E. P, Lecture
to Federal Civil Defense Administration, Regicr:.. “onference of
Northeastern States of Radiological and Chemice’  .I'ense, New York
City, October 22, 1953.
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2600 total roentzens respectively for 1QD por ol lethallty®,

Expafimental data reported by Boche** are summarized below.

* Fo. of  Dose per Dose per Sdrvival Totel Doce
Daye . Doy (). Her (o) Pien (M3 sy
” 20 . 10 60 2 14,0
10 6 36 83 2948

Unfortunately normal survival tizes were not given rnor were the agss
of the animals (dogs).

Blair¥#¥ hasg takeﬁ the two points from Boche's data, inserted
these into his (Blair's) equation relating reparable and irreparable
damege. The ratic of instaniaznecus doce teo 15-dcy dosz is 350/450 or
0.78, and or 4 mcnths dose ebout 350/525 or 0.67. |

Bleir suggests that YThe points ere too few o determine the
constants (of ihs equation) with any accuracy bui should at lcast te
in the proper range.," Howsver, the constants of his equation have

eracked well with nore extensivs dala on othsr enimals, His cquations
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¢
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e

ale ¢f 1acovery of ropnalle infury is fritiest in
{ne mouss (ef the 4y pes of mammals select: ¢), sbout one-half ~: fast
3 the rol and atoub ene=seventh as Tast in the gvinea pig =nd dog,

but as Blzir poirntad ocut, the reaction of the dog is more repesente-

tive of the largsr, longer-lived animals.

e
: ¥UCLA-295, Regrrnge of the Purro %o 100 r Fractional Whole-Todz Gernma
Ray Radiasticn. Haley, T. J. et al, June 10, 1954, Unclassified.
¥#MDDC-204. Observations on Populaticns of Animalg Exposed io Chrenic
Roentgen Irradistion. Boche, R.D. 1947. Unclassified.
¥##UR-207. A Formulatdion of the Iniury, Life Span, Dose Relations For

lonizing Radistions, II. Applications to the Guines Pig, Ret, and
Doz, Blair, H. A, July 3, 1952. Unclassified.
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Discussion ef Ak Attenust v _npd Mesihicoiag Toecten, From tho tine of

fallout un£11 the time of evacuation it is expected that personnel will

03

bs kept indoors. {Sze Critcria II.) Major lesres cue to weathuria
can not b2 relied upon during this peried, so thalt the estimatcc factor
is 1/2. From the time evecvation could buve bsen scoomplishad wntil Lie
time of estimated roturm it ig essued that personncl will b: indoors
about half of each 2/ hours and that major losses due to wedthering

can not be relied upon, The over-all factor is thus 3/4.

The sare reasoning applies to the third perlod of time, i.=., from
assumad tizs of return to 15 days alter fallout,

From 15 days afisr fa77 b vatil one yeorr later it is sutinated
that the attenuation due to bolldings ond tho effects of weath iug
will yield an over-all factor of 1/2.

ce rate recadings have becn taken with survey meters ovizide end
inside of houcses sround ihe lleveda Tsst Site oft-r falloutl ozcurred.
‘The ratio of readings varied with the type of coustruction of i

house enl with the location wiitidn ths bouilding, Generally, ' uu rall

of readings ocutsicdz o irsids a frare house uwas abovt 2/1 viih 2 scmavba
greater differencs for masonry construction. & limited nmuvber of filn
bodies were placed outside and iInsid: of coma houses during Trombler~

T o

Snappor and elso Uzchot-Kneihols, In the first case, the dizferoncs

in total doses was again 2 to 1 or greater but during Upshot-~Incthole
only about a 20% difference was noted. In fact, in one case during
Upshot~Knothole the film badge inside read higher than outside. The
differences betwesn these experimentsl data will have to be investigated

during future operations.
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The very nature of the sieathering factor rmakes tlds a difficuly
parameter to evaluate., The probability of occurrence of precipitation
and/or winds ard to»what degree has to be sstinated as well as their
effects on redistion levsls. Leaching effecis were studied on soils
about 130 milss from ground zero where fallcut had occurred during
Upstiot~fnotholz. Dose rels readings vere insignificasntly lewor thon
those predicted by radiological decay according to t’;°2 after a
period of more than one year., One example of the effects of winds was
obsarved during Upshot-¥ncihole., The fallout from the March 17, 1953

d=tonaticn vas iz a loug navrow patistn to the east ef grouunl zsro.

el L.

o

Tpe szooud Gay eficr fallout a rather sireng surface wird bicw
alrrost at riskt anzies ecross the orza, for about a period of 2 day.
Duse rute readings were token con the first end fourth days at ikze

&

ae locaticns cnd then were compared. The fowsrth day done retas

vere Jess; by factors of thrse to six, than ilhnse "o be expected from

the first dors resadings, bzszd on rate of deouy of l°2. {0 ar
feldlout mon:vrerents indic=ted ithad {he role of 7 ©of thiz I:dlout
rateriel wes not signiliczantly diffcront fron O )} Bremucs of tha
piiysicel conditions descrited above, these reduw. i in contuminstion
Irobably are resr the upper liziit to be expected ~ 1 wind.

Operational Feasibility of Crit:

It is not the intent here to discuss operai:: ..al procedures, but
it should be indicated that the computing of rad’ ‘fon doses as reccm~
mended in Criteria I is a not too difficult tssk., .f one assuues a
t-l'z rate of decay as a first approximation, then a single graph of

dose rates versus times after detonation can be c¢:.:ztructed that will

Y



represent a 30 roentgen elfcctive iolcgicai dose for one year. Ain ed-
ditional family of curves can be made that will provide the answers to
the parameters of how much time would be available before evacuation
and of how long a tire personnel would kave to remain cut of {hz radi-
ation area in order to provide for a savings of at least 15 roentgens.
The highzot vhola=body Jamma dese recorded for any localiiy whisa

personnel were present outside the Nevada Test Site was at Riverside

Vpshok.
Cabins, Nevada (about 15 people) following shot number seven of ?égilop-

knofhc i

Saapp>¥. The maxdmum theoretical infinity gemm= dose was estinated to

be 12-15 rosntgins,
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' CRITERIA II

Pergonnel Promaining Tndoors

beld thres fe2d sbove the ground riechss ihe values given in Grovh 11
at the timss indicated; it is revcouzended ithat personnel shall b
requested to remain indoors with windows and doors closed. Release
from this restrictive action should be mzde on the basis of further
evaluation of the rediclogicsl conditlons.

In the event that 1kzre te convincing evidsenee that the rediation

-

levels given in the graph will bLe raoched, it is recorzended th
person.nl be requeets3d to rerain indoses TOIGE fellout cccurs oo

- before the radiation levels egual those in Graph II. Release from
this restrictive action should be xizde on the basis of further evel-
vation of the rsiiological conditions.

It is rccﬁm~:nia5 2nat poaen i vl had bteen oulenf~doors during
fellout of ihe above rzsziiuds or proslir be edvissd to change (iothing
and to bathe, Tne clothing iiay b2 tleaned Ty normal means, Vhils
bathing, special etisrction should te paid to tL2 kalr and any cxposed
parts of the body.

In tlke event thkat ihe moriioring tekszs placs AFTER the fatilout
bhas occurred, and extrapolstion of the dosz rate readings equals or

exceeds those in Graph II at the estimated time of fallout, then it is

recommended that the 'same advice be given as in the preceding paragraph.
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Personnel RBemaining Indoors

DISCUSSION

The action of reguzsiing personnel to rumain Indoors is iredlicatsg

L
=
(ll
£

levels cic telow thosz estsblizh:
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H
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on the princirle that th
for evacustion and *rat Lhis action couwld reduce tke ammouunt of comiiz-
ination of personnel and reduce somswhat the whole-body gamna dose.
(See Appendix A for estimates of reduction in whole~body gamma dose. )

The actual "savirzs® heslthivise heve to be balanced against possible

adverss publiz reactiom,
The principel zzin in reguesting parssmnel to remz2in Indcors is

to prevent or raduce thz zmoit of atanice debris that may scinczlly

fell on the body or clothing. Since the pesk of fallout usually occurs

shortly after the start of falisut, it is important that proupi decisions
eri actions te ta¥en, Thus, by neceesit;; the most practical criterie
upon which to tuse a declisicl ave gemma &acr rate readings, which eva

in tarn relsfed to the azamt of falloud,

The most irmediate solution might be to establish lower permitted

o~

er tincs after detonation. EHowever, 18 a series

-~

dose rate Ievels at le
of cdose rates are‘established for inerensing tines sfter detonaticn so
that their relationship follows t”1°23 then the doses delivered in X
hours (before the material is washed off) will be greater for earlier
timcs after detonaticn., If one were sure of the {ims that the fallout
material was to remain in place, then a scale of dose rates versus tize
after detonation could be made to yield the same total dose over the X
hours, Since there is obviously no set tims period for duration of con-

-15 -



tact that would be valid for all cases, one might assume the worst case
where the material remains in place until its activity has decayed to
an insignificant level, Dose rates could then be approximated, to yield
e given infinity dose, by:

D = 5At where: D = infinity dose
A = dose rate at time "t",

If the above discussion is accepted, then the remaining question
is to set the infinity dose., Here, we must be clear that whereas the
measurements taken by the mnnitoré, and the data upon which action will
be decided will be gamma dose rate readings, the point of principal
concern is the beta dose delivered to the basal layer of the epidermis
(assumed as 7 milligrams psr square centimeter). The ratio of emission
of beta to gamma is A function of time after detonation and follows no
simple relationship, Further, this ratio at any given time after deton-

ation has not been firmiy established. One report* suggests the follow-

ing data: | .
R Lime After Datonation Beta/Gayma
72 bours 157/1
168 hours 156/1

These data were obtained from a cloud sample, rather than actual fallout
nateria’, and wers a measure of surface dose on a plaque using a "dosi-
meter type beta-ray surface ionization chamber."

The method of colleztion suggests the possibility that the thickness
of material on the plaques may be less than that to be expected from the
amount of fallout that would be of concern when estimating probabilities
of beta burns. This would result in a different angulaé distribution
of the betas influencing the beta dose rate in the direction of a higher

value for the plaques,

*WI-26. Scientific Direcioris Report, Amnex 6,5. "Interpretation of
Survey-zeter Data", SECRET,
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Anotrer report* indicates a beta to gamnma ratio of 130 to 1 based
on theoretical computations. A third report** suggests a radically
lower ratio: however, there may be some doubt es to its conclusions
since the ionization chamber used to measure gammas only, had a wall
thickness £ 1 mm of bakelite which ".,.excluded a small part of tlLe
total gamma dose present, as well as a lerge, but unknown; fraction of
the beta." (The range of 0.35 Mev betas is about 100 mg/cm? Or approx-—
imately 1 mm of bakelite.) For our discussion here; we will assume a
Surfacze beta to gamma ratio of 150 to 1.

In estimating the beta dose to the basal layer of the epidermis,
one may refer to the work of Henriques##*, He exposed the skin of
Chester White pigs to plaques containing different radioisotopes.
Pertinent datas are abstracted as follows:

Surface Dose Required To Produce Estimated Amount of

Recognizetle Transepidermal Radiation That Pene-

' + Injury (Roentgen-equivalent- trated Skin To A Depth
I§2%92: Encroy  Leta) - of 0,09 mm, (reb)
Yttrium?* 1.53 1,500 1,200

0
Strontiym 0.1
Yttrium?0 2.20) 1,500 1,400

The average maximum energy of the beta particles from fallout mater=-
lal varies with time but will be assumed to be roughly comparable, in

\
respect to depth dose, to Yttriumg* or Sr9O_Y90'

Since the gamma dose
at a depth of 7 mg/em® would not be significantly different from the
surface gamma dose, the ratio of 130 to 1 for beta-gamma will be assumed

at the basel layer of the epidermis,

*"An Estimste of the Relative Hazard of Beta and Gamma Radiation from
Fissinn Products". Sullivan, Williem H., NRDL. April 1949. CONFIDENTIAL.

**UKP-37. Project 4.7. "Camma-beta Ratio in the Post-shot Contaminated
Area". June 1953, CONFIDENTIAL-RESTRICTED DATA.

¥x¥"Effect of Beta Rays on the Skin As A Function of the Energy, Intensity,

and Duration of Radiation". Henriques, F.W. Laboratory Investigation.

Y- |
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[ﬁhe experiment with sheep, using sr70-y90 plaques, showed that
2500 reps at the plagues' surface produced ulceration in one but not
another of two sheep.* On the other hand, 1000 rads delivered to
tissue depth of 7 mg/'cm2 from a P2 one inch diameter disk (type of
animal not stated) produced tanning, prolonged erythema and desquam-
ation.*£7
it is to be remembered that the above discussion was first based
on gurface gamma dose rates whereas the monitors will be making their
gamma measurements at a height of three feet. Fast field experience
has indicated that the gamma reading from ionization-type survey meters
at ground level is about 50% higher than at thres feet. Therefore if
it be assumed that a ground level gamma reading of a survey meter is
equivalent to a surface dose rate, the ratio of béta dose rate at
7 ng/cn® to gemma dose rate at three feet is about 200 to 1.
- Another approach to estimating the ratio of beta dose rate at
37 mg/bm? to gamma dose rate at three feet is as follows. Assuming a
uniform distribution of 1.0 megacurie per square mile of gamma activ-
ity, the dose rate reading from an infinite field is about 4.1 roent~
gens/hr %% Calculations given in appendix B indicate that a like
concentration of fallout mﬁterial will produce about 430 reps/hour at
7 mg/bmz. This suggests a beta to gamma ratio of about 100 to 1 which
is about a factor of two lower than the first approach. Added support
to this latter method of estimating beta doses is found in appendix C.
Such considerations may be fraught with pitfalls. For example,

‘the above discussion implies a uniform distribution of fallout

*"Comparative Study of Experimentally Produced Beta Lesions and Skin
Lesions in Utah Range Sheep", Lushbaugh, C. E., Spalding, J. F., and
Hale, D. B, LASL, November 30, 1953. (UNCLASSIFIED)

%%HW-33068, A status report. September 15, 1954. (CONFIDENTIAL)
w#xiffects of Atomic Weapons. 495U :
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material. Obviously, this is not correct but how far this deviates
from the facts and to what extent this influences the results is diffi-
cult to assess. Calculations indicate that the production of recogniz-
able beta burns from a single particle requires a high specific activity.
(See Criteria III for discussion.) It may well be, however, that the
particles of fallout are close enough to have overlapping of radiation
fields and thus requiré significantly lower specific activity of the
particles to produce beta burns. This hypothesis has support in that
even the most superficial beta burns of the natives exposed to fallout
following the March 1, 1954 detonation showed a generﬁl area affected
rather than small individual spots. On the other hand, the cattle and
horses exposed near the Nevada Test Site showed burns over areas only
about the size of a quarter. Even though these may not have been pro-
duced by single particles, they do represent less of an area effect
than suggested for the natives. Also, radioautographs of the fallout
in areas outside the Nevada Test Site suggest the occurrence of indivi-
dual particles with non-overlapping of radiation fields. However, in
nearby areas where the faliout was relatively heavy, there was a
definite overlapping of the fields.

WITH OUR PRESENT KNOWLEDGE IT SHOULD BE STATED THAT DUE TO THE
PARTICULATE NATURE OF FALLOUT IT WOULD NOT BE POSSIBLE TO ESTABLISH
REASONABLE AND OFERATIONALLY WORKABLE CRITERIA THAT AT THE SAME TIME
WOULD GUARANTEE THAT THERE NEVER WOULD BE AN OCCURRENCE OF A BETA BURN.

If one were to accept the assumed beta to gamma dose rates of about
100~200 to 1 (measured under the conditions given above), this might
mean an Infinity beta dose of 1000-2000 reps to the basal layer of the

epidermis when the whole body infinity gemma dose was 10 roentgens.

e e
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of coﬁrsg, the fallout material may be removed before the infinity dose
is delivered; yet, on the other hand, it is no* improbable that it could
remain in the hair for essentially this length ;f time. In the case of
& one-hour fallout, almost one half of the dose would be delivered in
the next 24 hours. |

The efficiency of a surface for collecting and holding the fallout
material is important. It is not surprising that the highest dose rate
readings as well as biological effects were noted on the hair of the
natives and also on parts of the exposed body where perspi?ation was
present. Further, it was observed that even one layer of light cotton
material was sufficient to protect against beta skin damage in most
cases*, This was due\probahly not to the relatively small attenuation
of the betas by the clothing but rathsr to the physical situation of
holding the radiocactive material at some distance from the skin, which
effect would be relatively large.

An added consideration is the possibility of high beta doses
delivered to personnel from the fallout material lying on the ground
and other surfaces, If the highest degree of contamination considered
under this policy is safe when in dirsct contact with the skin, then-
the beta dose from an equélly contaminated ground will not be hazardous.
(See Criteria III for discussion on unequal contamination on personnel.)
However, it is true that the contaminstion may exceed the amount to
deliver dose rates given in graph II and yet not be great enough to
congsider evacuation. Some personnel may not go indoors and those who
did will eventually be released from this restrictive action and then
may walk around in a relatively highly contaminated area. Because of

the more limited range of the beta, the location of greatest concern

*ITR=923. 3 R B

Sienificant Fallout Radietion, Cronkite, E. P., et al. May 1954.
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ié the lower legs.

One report estimates a beta to gamma dose rate ratio of about 75
to 1 at 10 centimeters above the ground.* Under Criteria I it was
recomnended that consideration be given to evacuation when the gamma dose
rate reading at thrse feet was, for example, about 6.2 r/hr at B#3 hours.
Rdughly, this would correspond to about 575 reps/hr of beta at 10 cen-
timeters. Of course, this activity decays and elso it is presumed that
personnel wopld be sent indoors, at least for a few hourse On the other
hand, it strongly suggests that biologically significént doses may be
delivered to the feet if not protected. Skin lesions were frequent on
the bare feet of the natives evacuated dufing CASTLE. This probably was
a combination of beta dose from material on the ground and from that
scuffed up over the bare feet and then clinging to the skin., (No lesions
were observed on the bottom of the feet, undoubtedly due to the thick
epidermis.) It would be expected that normal closed-type footwear (as
compared to open sandals) would afford adequate protection to the feet
from such high beta doses as discussed here.' There is still no guarantee
that beta radiation from material on the ground will not deliver signif-
jcant biological doses to the ankles and perhaps lower legs, aftef per-
sonnel are released from staying indoors. For example, if the beta dose
at 10 centimeters above the ground is 575 reps/hr at H{3 hours, it would
be about 250 reps/hr three hours later and 160 reps/hr six hours later.

One further possibility is the accumulation of radiocactive material
around the ankles and lower legs resulting from normal walking about the

erea, This is discussed under Criteria III.

¥AD-95(H), Ap E e of the R ve Haz B Gar -
ation from Fission Products, Condit, R. I., Dyson, J. P., and Lumb,
W. A. S. NRDL 1949 (UNCLASSIFIED)
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Data On Euman Expogures
The work of Henriques* suggests that at the depth of U.u9 mm in

1iving porcine skin (maximum thickness of epidermis) that "l4uu_£3w
roentgen-equivalent-beta" (delivered over short periods of time so that
they may be essumed to be instentaneous) ié required to produce recog-
nizable transepidermal injury. The curve of biological damage rises

rather sharply so that at a dose of just under 2000 rep (at 0.09 mm),

the epidermis may be expected to exfoliate and in the majority of cases

go on to develop chronic radiation dermatitis persisting for months.
The preceding discussion suggests that, using the gamma dose rates
listed in these criteria, which are based on sm estimated 10 roentgen

infinity gamma dose, as high as 2,000 reps might be delivered to the

..basal layer of the epidermis over a period of time covered by the

lifetime of the radioactive material.

There have beep instances where the calculated infinity garma dose
in areas where personnel were present around the Nevada Test Site have
reached 12-15 roentgens but there ‘have been no kmown cases of beta

burns in these areas. The number of persons involved in these areas cf

highest contamination was relatively small, perhaps a few dozen, and with

an observed duration of fallout of about one hour it is possible that
they were not in a positicn to receive the full fallout., Likewise,
minute areas of the skin may have been so affected yet not detected or
reported. In other areas encompassing some 2,000 people the infinity
gaxma dose was about eight roentgens and no instances of beta injury

appeared.

*Op, cdt,




The éstimated whole-body gamma dose to natives evacuated from the
island o} Utirik following the March 1, 1954 detonation at the Pacific
Proving Ground was about 15 roentgens for a period of about three days,
but no beta burns appeared., It is fair to assume here that direct contan-
ination took place due to their mcde of living including housing that
vas quite open to air currents. Gamma dose rate readings were taken over
the bodies of the natives at about H £ 78 hours both on the beach and

after boarding the ship. On the beach the personnel readings averaged

about 20 mr/hr gamma (but this probably included some contribution from
the ground contamination), and after wading through the surf and board-
ing the ship the levels averaged 7 mr/hr gamma,

The 18 natives on Sifo Island, Ailinginae Atoll, received an esti-
mated whole~body gemma dose of 75 roentgens in about two and a quarter
days. Of these, 14 later experienced slight beta burns, 2, moderate
burns, and none showed epilation. _

In the case of the Rongelap natives, the estimated whole-body dose
was about 170 roentgens in about two days. All 64 natives later exper-
ienced beta burns to some degree from slight to severe and over half of
the natives showed epilation from slight to severe.

The 16 natives from Rongelap evacuated directly by air to Kwajalein
had personnel gamma dose-rate levels generally 80 to 100 mr/hr although'
one was as high as 240 mr/hr and one as low as 10 nr/hr (at H £ about

55 hours). The remaining 48 natives evacuated by ship were reported to

have personnel readings that "averaged" 60 mr/hr before decontamination.
The picture is further confused because some of the natives had bathed

and some had not before the arrival of the evacuation team.
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Most of the 28 U, S. Service personnel stationed on Eniwstak Island,
Rongerik Atoll, received about 40-50 roentgens, based on film badge read-

ings. Three members of the group who were located for part of the time

in another section of the island were estimated to have received somewhat

higher doses. Seventeen of the 28 personnel showed only slight superfi-
cial lesions with one»questionable case of epilation. It should be
pointed out that the personnel were in metal buildings during some of
the fallout time and for most of the time thereafter until evacuation,
This reduced the direct contemination as well as the whole-body gumma
dose, A film badge hanging on the center pole of a tent at ons end of
the islend read 98 roentgens. Calculations based on dose rate rzadings
at another part of the island indicated somewhat lower doses, if person=-
nel had remained in the open for the period of time from fallout (about
B £ 7.5 hours) to evacuation (et about B £ 3/ bours)., Upon arrival at
Kwajelcin one personnel gamma dose rete reading was as high as 250
rr/hr &t about H f£ 35 hours.

The above data do suggest that there muy bte possible a rough brack-
eting of gamma-beta doses versus beta burns. On the one hand, the
natives from Utirik received an estimated whole-body gamma dose of 15
roentgens and showed no evidence of beta burns. On the other hand, the
natives on Sifo Island, Ailinginae Atoll, received about an estimated
whole-body gamma dose of 75 roentgens with 14 personnel showing slight
burns, 2, moderate burns, 2, no burns, 3 with moderate epilation, and 15
with no epilation. In additicn, Roneglap natives received 170 roentgens
whole~body gamma dose, and about 90% showed some degree of lesions and

56%, some degree of epilation.




It is to be recalled that: (a) the natives probably were out-of-
doors and received the full fallout, (b) the oily hAir, semi-naked
perspiring bodies including bare feet, snd lack of bathing for most
would tend to collect and hold the fallout material, (c) the time of
delivery of essentially all of the doses was two to three days. Furth:zr,
it may be speculated that the fallout on the more distant islend of
Utirik (about 300 statute miles) would consist of smaller particles and
also perhaps lesser possibility of overlapping of radiation fields from
these particles,

Some of the relevant data are summzarized in table II, Due to the
uncertainty of tr> degree of exposure of personnzl on Rengerik to the
direct fallout, this group is.not included. It 1s to be immedintely
emphasized that any comparisons made or implied in the table sre at
the most only semi-quantitative, Table II will be referred to in Cri-
teria III and IV but is included here as a surmary of the data discussed

above,
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iyﬁmﬁww dose rates from 1and. After wading to ship, average personnel readings were 7 mn/hr
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5‘ “hr\'ﬁﬂ
[ .,.-o--—‘d
TARLE I3
1 L 111 v v VI
' Raat Estivate of Average Dose Rates (mr/hr)
of the Islands (Taken at Three Feet above
Best Bsti- the Cround) and of Natives (Personnel Read-
rrie of " ipgs) after Removal from Radiation Field,
Eatimatgg Hh 01_P:~bg_2dx EQIQ EII A QI:Q.‘.{"""L":!I ﬁﬂmﬁ Ijmp.
Time of Gamma Dogse Sk
Location Fallcut. (Roantgens) Effects Parsonne) Reading Islerd Personrel 3Ratio Approx, Time
Rongelap 5% hrs 170 Lesions:  a. Malority: 1300 80 16/1 H £ 50 hrs
6 None 80—100'11'/hi .
19 Slight et 454 hrs
22 Mcderate b. Averaoe:
17 Scvere 60 mr/hr
Evilation: st HA50 hrs
28 Mone Lorrected
11 Slight Verares
11 Moderate 80 mx/ .
1A Severe : 9
5% hrs 75 lesicos: . Averape: 410 53 8/1 HAS52 hrs N
2 None 40 mr?hr !
14 Slight at 1452 hrs
(very sup- Corrected
erficial) Yoroges
Epilations 53 e/l
15 None
3 Madapate
Utirik 16-18 hrs 15 Lesionss Avereres 110 15 771 H A 78 hrs
None 20 mr/hr ‘
Epilations Assumed:
None 15 mr/hr
at _jifzed
1 16 natives evacuated by air to Kwajalein and menitored upon arrival,
2.8 # n " USS Philip and monitored aboard the ship. Data suggest meter readings low by about

50% since natives from same island read 80-100 mr/hr at Kvajalein some four hours later with calibrated meters.
3 40 mr/hr corrected to 60 mr/hr according to information in footnote 2. Report did not Indicate range of values

among individuals nor at different parts of body.
/, Readings taken by monitors from the RENSHAW on the Utirik beach where there may have been some contribution to

Fadarkmeid vt o ,
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The data on animal exposures are less firm than those for humans,
Unmistelnble beta burns occurrsd on cattle at Alamogordo in July 1945,
on cattle at the Nevada Proving Grounds in spring 1952, and on horses
in spalig 1953, (The skin damage observed cn sheep in the spring 1953
was not ostablished to be beta burns.) However, the exact positions
of the animals in relation to known amounts of fallout are not clear.

Following the last detonation of the spring 1952 series at the
Fevada Proving Grounds, about one half of a kerd of 150 head of cattle
vere found to have evidence of teta burns, Thacy were thought to heve
beon 15-20 milcs fron ground zero in Kavich Vallcey to the northeast
end to have been exposed to fallout froﬁ the last detonation., Fighest
dose raie readings taken slong a dirt road running longthwise through
this valley integrated to 75-100 infinity gamma dosec,

During Upshot-~Fnothole, 16 horses showed skin lesions over the
back ond eye damzzo was noted in a feuw, The best evidence indicatsd
that the horsecs wéra some 10-12 miles to tke ¢ast of ground zero on
17 Yarch 1954, where the fallout occurred irom the first detonation
(about 15 KT on a 300 foot tower)., Radiaticn levels in this erea are
not knovn with csrtainty but’the fallout occurred in a narrow band
and was carried by relatively high velocity winds so that it probebly
fell on the horsés at a time less than one hour. If so, probably
more than one-half of the infinity.dose was delivered during the next

day.
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ADDENDUM
Since‘fhe original discussion above was written, further considera-

tion has been given to the work of Strandgvist and others* on the effect
of fractionasticn of doses delivered to the skin end the onset of tke
observed resulis. It will be recslled (page]D) ﬁhat X-ray doszs to the
skin were fractionsted in equal daily amounts, and the blological effects
compared to a one-treatment dose. A log-log plot of total doses versus r
days after initial treatment yields straight lines. E}
Basically, this means that as doses are being delivered to the slkin l
a qert;in rete of repzir is tsking plece. The over;all effectl wight be
that higher initiel deses from fzllout matefial right be allowzd than if
ons were Lo intezrate the dose over a period of time without considers-
tion for the repcir. Fecause of the difference in shapes of the total
beta dose curves for varying times of initial fallout versus Strandgvist
X-ray curves tke difference between the two curves cannot be expressed
as a sinnle relztionship.
Strendgvist guotes a 1C00 roexntgen dose in cne treatment (o pro~
duce erythcza using X rays (a somewhat smaller pumber than other data

quoted ebove), 1250 roentgens if divided into two equal daily Soses,

1450 roentgens if divided into three equal daily doses, etc. OF course,

there are differences between these X~ray doses and beta doses from
fallout materiel such as differences in doses at increasing depth of
tissue and the fact that tbe X rays were delivered essentially as an
instentaneous dose at intervals of a day while the beta dose rates are
assumed to follow the tfl'z. However, accepting the assumptions of

biological equivalence of these roentgen and beta doses and t'l'z,

¥Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries
Caused By Ionizing Radiations". PBritish Journal of Radlologv,
V.XX, Na. 236, August 1947.
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one may then ask the questicn, "What will be the beta dose rates at
varying times after detonation that the contamination occurs such that
the integrated doses to the skin will at no time equal Strandgvist
curve for erythema?"

For eerly fallout times the limiting fector will be to keep tke
first day's teta dose telow 1250 reps; for later times of initial
fallout the first day dose may be less than 1250 reps but subsequent
accumulative doses may be greater than Strandgvist curve. A family of
curves was prepared of beta dose rates versus time after contamination
such that each would meet but not excced Strendgvist curv. For efythema
for tlmes oul to 40 deys then,; based on the discussion coentzined under
Criterie I, a conversion factor of 125 was selected to convert beta
doss rates at s depth of 7 mg/cm2 of tissue to gozma dose raies at
three feet sbove an infinite plane, These gamma dose rates are
plotted in appendix C(a).

If one accepts 2ll the assunptions that go into preparing ihis
curve, then cns does not have to estimate the variable of how long the
fellout raterial was in contect with the skin, for the curve suggests
that as long &s the initial indicated gamma dose rates are not reached
then erytherz might not be expected Lo appear, (However, tbis approach
still docs not give assurance that gingle hot particles will not |
producs erythema,)

Generally, the gamma dose rate readings in the curve [;bpendix CQ&£7
suggest theoretical maximum infinite gamma doses of about 20 roentgens
for a one-hour fallout, to about 55 roentgens for a two-day fallout.
For those early times after detonation when relatively heavier fallout
might be anticipated, this infinity garma dose is two to three times
——
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greater than the 10 roentgens.which was used as a basis of developing
criteria II. However, there are two further considerations. One, the
interpretation of the data and certainly the assumptions made in devel-
oping the curve in appendix C(a) ere open to discussion. Two, if one
sccepts the interpretaticns snd assumptions it reans & safety frctior of

tvwo 1o thiee = not an unreasonable quantity,
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Orerational Teasibllity
Under the criteria recommended in Criteria II, there would_have
. been two occasions in the past where personnel would have been reﬁuested

to remnin indocrs. Cnce was at Lincoln Mine following the second deton-
ation of Upshot-lnothole vhere they were so requosted to remain indcors
for two hours snd the other occasion would have been at Riverside Cabins
(population about 15) following the ninth detonation of the same series.
The doss rate reading at Lincoln Mine was 580 mr/hr at H £ 2. In the
case of Riverside Cabins, however, the radiological conditions were not
ascertained until after ihe fallout had occurrcd. The maxirum infiniiy
gamna docse in the latier case was 12-15 roentgens.

Persounel wvere requested to remein indcors (for about two hcurs)
following the ninth detoration cf Upshot-Kncthole, The highest dose
rate reading vas 320 mr/hr at H £ 4.5 hours. This is less than the

current recominendations.
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CRITERTA JII
Decontzmination of Pergonnel

Vhere it is not possible to monitor personuel outside of a generel
radiction field, it is recommended that an estimale be made of the degrce
of porsonnel contzuination by deternining the location of the imdividusl
at the time of fallout. In the event'thefe is uncertainty as to the
validity of such an estimate, the assumption will be made that the indi-
vidual was out-of-doors. In those areas where the infinily gamma dose
equels or exceeds 10 roentgens, it is recommended that the individual
be advised to tathe and to change clothing.

For personnel being monitored ocutside the gencrel radietion field
vhere persennel contaminaticn exdsts over relatively large areas of the
exposed body (one-~half square foot or more):

; When the reading of e survey instrument held with the center
of the probe or center of the icnization chawber four inches
from the center of the conteminated aresa, ejuals or exceeds the

velues given in Greph IIT it is recomrended that personnel
SHALL bz advised to bathe and to change clothing.

TPt

For personncl being monitcred outside the genecral radiation field,
where personnel contamination exists over relatively small arsas of the
EXTOSED tody (less than one-half a square foot):

The recormaended maximum values shall be one~half those given
in Graph III. DMonitoring of the head, arms, hands, lovwer legs,
and feet will be considered as coming under this category.
Washing may be limited only to the contaminated rarts, and also
e change of clothing may not be indicated unless the radiation
‘levels exceed those stated below concerning monitoring of exter-
ior surfaces of clothing.

i
3

%,

For personnel being monitored outside the general radiation field,
and the contamination exists over only spots of EXPOSED body (about the
size of a half-dollar or less):

Y o gt -
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The recommended mayxirum values shall be one-fifth those given
in Graph I1I, Weashking ray be limited only to the contaminated
parts, and also a change of clothing may not be indicated unless
the radiation levels exceed those stated below concerning moni-
toring of exterior surfaces of clothing,

For personnsl being monitored outside the general radiastion field
end ‘he contuiinatlion exists over eny size area on the exterior surface
only cf the clothingz:

The recommended values under these conditions will be twice
those given in Graph III. The first recommended action shall
be to resort to such simple acts as brushing off the clothing.

If this action does not reduce the radiation levels to twice

those given in Graprh III or less, then personnel shall be

advised to change clothizg &nd 1o batn=.

Vhen the genaral contariration of a community is of the degree to
prodice an estizated mexdrus thecretical infinity garza dose of 20
roenigens or greater, persomnel wiho have besn out-of-doors at any time
during the first two deys and gererally moving around in tke arca (as
opposed to such an act &s walking only between a building and a vehicle)

chell be adviszad to brush off tre footwear (outdoors), to bathe and to

1

chauze ecleotring zs soon a&s rossible after the final returm indoors c:ich

-

day. Jn addition, persomnel who go out-of-doors for any length of {ine
during the first two days after such a fallout shall be advised to wash
their hands at least after the final return indoors each day, and more

frequently, if possible,

e —————
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CRITERIA III

con nation _of Personnel
i
DISCUSSICHN
Dats on Lumens
In tsble II it was suggested thet the reletive average gaiina dose
rates from an infinity contaminated field at three feet above the ground

compared to that on the natives measured by a survey meter held close to

s ks reesn s
ST S
PSSy

the body was:

N0 r/hn T 7/1 (Usirdk Atoll)

15 mr/hr
élQ_EEZtE‘z g/1 (Ailinginae Atoll)
53 m/hl‘ / \ =} s
lﬁQQ.mTth.Q'l’/l Rongalap Atoll !
80 nr/hr ~ 6/1 (Rongzlap ) :

It is recogniczed that there are many uncertainties in estimating
such a relstionship by this msans., Even if one assunes the dosz rete
readings were taken accurately the factors involved, espscielly in relation
to the suount of material collected eand resteined con the body, certainly are
not constant. The higher retio at Rongelap Atcll might have buen due to
a physical phenomsnsn where the quantity of material falling per unit
area was so great tha; it was not retained so cozpletely on tke bedy. -
Even if this explanation is accepted, there still remain many questions.
Theoretical considerations indicate a gamma dose rate ratio at three
feet above an infinitely contaminated field to that at four inches from ;;1
an equally contaminated field of six inch radius to be about 7/1. (See .
appendix D.)
The sizes of areas and distances from the surfaces were selected
independently of any of the information on the fallout on the natives

-3 - =
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uncertainty of these data was discussed under Criteria II. They do suggest,
however, that if the contarunation of a relatively large area of the exposed
body produces less than one roentgen infinite gamma dose as measured by a

survey meter held four inches from the surface there is a large probability

that beta burns will not result. (See also discussion under Criteria I1.)

Doges From Smail Sources

When the same doss rate reading is produced at a glven height above a
surface from a smallef area, the amount of contamination per unit area is
greater (other factors being equal). Therefore, it would seem desirable to
reduze the recormended dose rate levels when relatively small ares=s are in-
volved., It is recognized that radiaiion from erother nearby spot may con-
tribute to the survsy nmeter rezding when nonitoring a swmell area on person—
nel, but this has nst been teksn into account. first becsuse of the diffi-

culty of establishing a prior eppraisal of this varisble factor end, second,

wvhatever this contributiosn may be it will now become an added safety factor.

Of course. the problem is still complex tecauss when considcring
smaller cnd s=all:r aress the eventual end point is a single particls, 4n
estimate of beta doses a%t the surface of an imaginary sphere surrounding a
fallout prarticle is given in sppendix E and an estimate of bets doses from

e single particle required to produce recognizable eryithema is presented in

appendix F. Calculations indicate that the specific activity of some indi-

‘vidual particles found in fallout would be great enough to produce recogniz-

able erythema if held in contact with the skin for less than one day, yet the
gemma dose rate reading at 4 inches may be relatively small (See appendix G.).

Additional information on doses from individual pgrticles has recently

been reported. The particles found in and around Hanford congisted princi-

*HW-33068, A status report. Sept. 15, 1954.




103, Ru106 and its daughter Rh106. The data

pally of three radioisotopes, Ru
and calculations in appendix H also strongly indicate that a single fallout
particle could produce a recognizable erythema.

Contramination of Clothinz

' Sttt - P

In the cese of contemination of clething, higher dose rates might te
tolerated than those for exposed parts of the body. This was exemplified in
the n;tives where no beta burns were observed under clothing of the most
highly contaminated personnel. (This does not include such areas as under
the waist lines where materisl apparently collected and wes held in place.)
On the other hsnd, very large increases in contexinstion should nou be tcl-
erated since it is possible for ihe clothing lo te rearrcnged so as to bring
the contaminated surface in contzct with the sidn. Further, it is not
unlikely that cne mey rub his hands over his clothing and then through the
hair where the material could be held in place for relatively long periods

of time.

Pate Exposure %o the Fonds

A furthcr consideration is the beta dose to the hands resulting from
hendling objects contaminated with fallout meaterial, Although scme data are
available on tetz burns froum handling radiozactive objects, the conditicns
are so different from those associated with fallout that comparisons prob-
ably would not be valid.*

. If the above assumptions and calculations are correct concerning con-
tamination of a general area from fallout, then the transfer of all the
radioactive material to the hands from an object of equal area would not
constitute a hazard. Thus, one might consider using as criteria for moni-

object oge reed iven above for moni n onnel
*"Beta Ray Burns of Human Skin". Knowlton, et al., The Journal of the
American Medical Association, V. 141, No. 4. Sept. 24, 1949.
- 37 -
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outside the general radiamtion field. However, the problem is more complex
since the hands may come into contact with contaminated surfaces many times
larger ir area than the henids, with sn undetermined percentage of activity
being tran-ferred to the hards, Of course, an added uncertainty is the
frequensy of wasking of the tencs and/or the rubting off of thz natericl
from the hsnds.

Further, one might spsculate that a given surface could have sig-
nificantly higher contsmination than the general area and that the hand—
ling of such a surface could constitute a greater risk, Tiis might te
true beceuse of the greater azount of activity transferred to the hands
or because of the doses deliversd during the time of actually k:adling
the objest. The uncerisinty of the percentage of irausfler of materisl
has been rnsntioned, Ore uncertainty in the sscond case is the length of
time the object would te hendled,

Baszd on calculations in appendices B and D, when an objeetl is
held in a lLiand, a rough estimeie of the ratio of dose rates of beotx to
the basal l:syer of the epidermis to that of the garma reading on a survey
meter held four inches awey from an object two inches in radius (outside
a generzl rrdiation field) mizht be 5,000 to 1 (esppendix I,). Thus, if
this object were contaminated with the ssme sctivity per unit arsa that
would proauce an infinity 10-roerntgen whole-body gamma dose from general
contamination of the area, it would produce sbout 50 mr/hr gamra at four
inches away at H £ 1 hours, and about 250 reps/hour at a depth of
7 mg/cu®.% Since the palms of the bands have an approximate epiderral

layer of about 40 mg/ém? the beta dose to the basal layer would te about
17Q reps/hour, (The time of ¥ £ 1 w elected to show sbout the

*These numbers agree fairly well with the computations in "Beta-contact
Hazards Associated with Gamma-radiation Measurements of Mixed Fission
Products", Teresi, J. D., USNRDL-383 (CONFIDENTIAL).
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highest magnitude of dose rates.,) If one assumes that the decay is accord-
ing to t'1°2! then the total beta dose to the basal layer of the epidermis
of the hand in the next 10 hours would be about 320 reps.

Whercas the above estimaies do not indicate en alarming situation, a

wore serious protlem may come when the contamination is just less than that

where evacuaticn is indicated. For exzuple, th2 contaminaticn ol the gener:l

area may be five or six times that used as an illustration in the preceding
paragraph, without evacuation being recommended. Thus, beta dose rates
from handling objects, especially in times soon after fallout, may be high
enough to be a problex., A simple and expedient procedure to reduce this
factor is frequert wzshing of the hands efter handling objects that were in

ithe fellcut,

. -y - T hd a
Beta Fxposuve to the Feet and Lover Isos

.
e

It vas suggesicd ih Criteria II that normal closed-type footwear (es
corpared to such as open sandals) would probably afford adequate protectior
against significent teta doses to the feet from fallout raterial on the
ground. There is still the added problem if the material be scuffed up znd
cling to ithe ankles and lower legs., If there were no irtervening clothing,
or perhaps even with thin stockings or socks, this might result in signifi-
cant biological teta doses being delivered to these parts. Tor exsmple, if

the gamma dose rate reading at E / 3 bours vere something less than five

roentgens per hour, evacuation would not be indicated. However, for fallout

material of the same concentration in contact with the skin the beta dose rate

at 7 mg/cm2 would be about 600 reps/hour (See appendix B.). Presumably,
personnel would be kept indoors for a few hours but upon release the

approximate beta dose rates at 7 mg/cm2 would be 260 rep/hr three hours
later or 210 rep/hr six hours later. In addition, there is the variable

lFé;zgg%Ek’Hk
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factor of what concentration of fallout meterisl may accumulate in the ankls
reglon by ualking around an area,
& concentration of fellout material on the ground that would result
in ebout 20 roentgens maximum theorzticel infinity gemma dose, if in contact
vith the skin would result in a bela dose reate to the bacszl layef.of tte skin

of ebout 1// those indiceated in the previous paragraph.
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0 0 Decontamjinati ‘otor V

It is recomuonded that when the predicted fallout across & main

highwey will te eguivaient to a 20-reentzzin infinity gorma dose or higher, .
vehicles be held until'after +he zeotusl fallout has es:zeontlally ceased.

They should be then warned to proceed with windows and air vents closed

and the cars should be monitored after passing through the contaminated

area, When 5 to 10 roentgens sre predicted across a main highway, ve-

hicles stould be warned to rroceed with windous snd air vents closed and

should be monitored after passing through the contaminatgd area, Moni~

ef

=

toring end warnings should be continusd until there is reasonable bel
that no or very few additiznal vehicles will excced the values given in
graph IV,

When the dose rzte reading taken inside a vehicle, or taken over

2ily zccessible; eguals or exceeds the values

r f
[
5]
=

eny exterior arec tho

»

Lz vehicle shall be cleaned inside and ocutside, IZy-

‘_..

given in graph IV,
terior arezs to te monitored shovld include lhe wheels and under partis
of the fenders but not the under czrriage. The survey meter should te

held approximately four inches from any surfrce,
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CRITERIA IV

" FMonitoring ang Decontemination of Motor Vghiclég

DISCUSSICH

.

In the peost, fallcut has oczcuried across highways in sigaifican

quantities.

Upshot=Knothole,

Shot Approx-
Kuber imate Time of
(Chrono~ Y:ield Falloui
lopieal) (XT) _ Tover _ (Frs
1 300° br e
1 " 2 3/4
6 " 5
7 n i
7 " 7
9 " 2
9 n 3 3/4

IARLE IV.b,

Estimated
Dose Rate
Reading of
Eighuay at

Time of
rallout
Lor/nzd Ingoticn —
920 30 riles south of
Alarmo on Hyw. #93
260 1 mile north of
St. Geuvrge, Utah
325 Junction of T,S.
Hyw. #91 znd
Nevada iiyw. #40
760 20 miles northw,
Glendale, Hev,on
Hyw. {93
400 8 miles vest of
Mssquite; Kev,
Hyw. #91
1000 36 miles north
Glendale on
Eyw. #93
420 St. George, Utah

Hyw. #91

Teble IV.b. Tt2lzw indicates some pertinent data during

Aprroxdmate
Distance
Fron
Ground Zero

€5

105

60

130

et e
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Road blocks were established en Highwars 93 and 91 following shots -
pumbers seven and nine of Upshot-Knothole. The highest reading on a
private automobile was 100 mr/hr (gamma) inside and 110 nmr/hr outside at
H plus 3} hours, About 75 cars were washed (rougtly 1/8 of the toial
monitores). All of %he cars that were vwashed except the one menticned
above, had outside doce rale resdings less than helfl of the kighesti,

The ratio of dose rate readings on the outside of the car to inside
varied from unity to about 4/1. Probably one of the important factors
here is the difference between driving with windows and/br ventilators
opened or closed. .

One bus read 250 mr/hr outside and average of 1C0 mr/kr inside with a
high irside reading over the rsar seat of 140 nr/hr at ¥ plus 8 3/ hours,

Considering the amount of {ime one normally spends in an sutonotile,
these dose rates do not necessarily reprecert a hicalth hazard in terms of
gamna doszs, What is probably a more limiting factor is the diresct con-
tamination onz might ncéuire by rutbing egainst the outside cf ithz ce=x,
especizlly when changing & tire.

It is assumed that monitoring will'be accomplisted outside a gcner=l
radiation field. Theoretical calculations (appenciz D) indicete that
gsraa dose rate readings talen at four inches freom a surface will be 514,
L2%, and 27% of those by a meter at three feet atove an equally cozntaminated
infinite field when the radii of contaminaticn are respectively 3 feet,

2 feet, and 1 foot,

These data suggest that when the gamma dose rate reading at four inches
from a generally contaminated car is about one half that for an infinite
plane taken at three feet, the degree of contamination per unit area will

be about equal; and when the wheels are being monitored 1/2 to 1/4 of -

g . o
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guama dose rate reading will represent equivalent contamination (depending
on the gamma contribution from the body of the contaminated vehicle).

 Another factor to be considered is that the probability of collect-
ing fallout material on the body from a generally contaminated area in
vhich onc lives is grezier tlen from cne's autemobile. On the other hand,
it bhas teen noted in the past that significently higher amounis of contein-
ination have been found on the tires and under parts of fenders than on
the remainder of the car. (Undoubtedly, this is a simple phenomenon of
picking up the activity from the highway.) If one were to change a heavily
contaminated tire, significent amounts of radicactive material night
accurmul-te on the kands, and later be transferred to the hair cr eyes Ly
a sinple rubting of the kenis over those parts.

A comperison mighi be r—ade here between reconmiznded maodmus dose

rates found on personnsl and the esteblishing of levels of activity for

. automobiles, There is one obvious difference, however; in the first case

the nnlerial s elrezly en Lthe person while in the second case one heus te
introduce the factor of rrobability of transfer of contamination {and to
what degree) from the car to the body.

The dose rates {measured as steted) in greph IV would represent
eboul egual contamination por unit area for a cer zs-for an infinite
plane if the car were rather uniformly contaminsted. If the activity
were coﬁfined say principally to the tires and under parts of the fenders,
the dose rate readings might represent nearly twice the degree of contam-
ination., One must weigh this condition with the probability that a tire
will be changed before the activity has decreased significantly.

A given dose rate reading inside a vehicle may represent less

contamination per unit area due to the contribution of gamma radiation
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from the exterior of the wehicle., On the other hand, contemination within

a vehicle would more probably be picked up by personnel than if it were on

the outside. Further, it is recognized that significantly high concentra-

tions of radioective fallout mey asccumulate in such parts as the air filters

of an sutomobile. Again, this hies to be weighted against the probability
that they will te handled before tke activity has decreased to low levels
plus the fact that it is relatively difficult to monitor such parts on a

mass basis. The uncertainties present in estimating possible hazards

from vehicle contanination would not justify fine distinctions in monitor-

ing the varicus parts. & thcrough clesning, inside and outside, would
eppear to be the best solzticn.

One of the obvious weys to avoid ruch of the problem discussed in
Criteria IV ig to prevenmi vehicles enlering en zrea during the tizme of
fellout. This will rot prevent the first vehicles passing through from
picking up activity oa tke tires from the highwey. It is believed, hou-
ever, ihis will not comstitute suck s troublesome problenm and past exper-—
ience lhas indicated thei the =ctivity found on the tires noticsablj
decrecased after several curs b2d passed over the highway. Further, if
vehicles are not present in the fellout it will help recduce contamination

of lhe passengers and of the insides of the veliicles.

Operational Feasitility
In the past, the criteria used for washing cars has been 7 mr/hr,
and at a later time 20 mr/hr (gamma), inside a vehicle. This resulted
in washing about 75 cars (roughly 1/8 of the total monitored) following
the seventh and ninth detonstions of Upshot-Knothole., Under the recom-
mendations given in Criteria IV, the bus mentioned above, but probably
none of the cars, would have been washed,

- 45 -
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The data given in graph IV.b, indicaic that if these radistion levels
given had been predicted before the fallout, Highways #91 and 93 would have

been closed prior to the fallout from the seventh detoration and possibly

Highwey #23 for the rinih detenaticn,

- 16 -
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. Coptamination of Water, Alr -nd Foodstuffs

In any area where the theoreticsal gamma infinity dose exceeds 10
roentgens, adequate sampling of the wster, eir, and foodstuffs should
bs rad+ to ascertain the conditions of roz5ibls contandinetion. ZEased on
past data, however, it is not expected that under those condiiions of
fallout where the radiation levels are below those stipulated for pos-
sible evacuation, that the degree of contamination will be a health
hazerd, (¥or is it implied here that any level sbove this does consti-
tutec a serisus contamination of water, air, or foodstuffs.) Therefore,
it is recoumoci:ded that no zction te taken in rogerd 1o limiting inteke
except to edvisz the washing off of such exposzd foods as lealy vegstables

.

when that action seems desirabdle.
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Contemination of Water, Air and Foodstuffs

DISCUSSION
Yater
Table VI.a. 1lists the six locaticns having the highest conccntva-
tions of fissicn products jn water sourcces during Upshet-inobhol:z, and for
comparative purposes the estimated external thecretical maximum gamma infin-
ity doses.

ARTE VI, 7.,

o - .

Conceuntration(microcuries
per milliliter 0"'*‘“”'0’1 L
ed to 3 days after dsiona=~

Too-1it e Fion)
Wirgin Kiver {rrigsvicn Carsl, Xev, 8.7 x 107?
§ igation Diteh; 55 mi.no.of Fioche,Nev. 4o5 x 1072
E::er Pahrenagat Laks, Tev, ‘ 3.2 x lO"6 2.
§1rgin River at Mosquite, YNev. 2.6 x 1070 2.5
éunkerville: Yev, (tap water) ’ l.2 x 10-'6 7.0
i&ystal Springs; Nev, (tap water) 1.1 x 107 0.15

i
a
|
*

!
i
}

Due to weather and to sitenuation of the gamma rays by tuildings, ihe
vholé-body gamma dose estimated to have been actually delivered was probably
closer to one-half of the values shown.

The maximum permissible concentration of fission products in drinking
vater is 5 x 10 ‘?c/bl extrapolated to three days after detonation., This
is considered a safe concentration for continuocus consumption.

Whereas, the monitoring of water sources is of value for documentary

purposes it should be recognized that the concentrations found may vary

oo s
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widely within smell geogrephical arcas and even at the same location at dif
ferent times (taking into account radiocactive decay). Thus, confidence
cannot be placed in precise values, Table VI.a., suggests that even if one
were to have stored up the water listed at Virgin River Irrigation Canal
end subsicsted entirely on this fer o lifetime, the concentration would be
about 58 tires less than the meximu. permissidble arcunt. Normal faclors
of dilution by additional rainfall and/or by the influx of lesser contam-

inated ground water would be expected to reduce the level of activity.

Lix
Considereble effort has and is being rode to eveluate hazerds froa
sirborne radiocciive materials; including fisclon products, There zre
certainly wary unansuwered protlems including the possible hazard from a
single particle in the lungs. Despite the uncerteintles and as yst in-

conplete analysis of the irhalation hazard, the preponderance of svidence

todny is that the external garma hazard from folilout is lhe more Aimiiing

(]

factor of the two®. (Howcver, sce discussion on food contamination.)

During .Upshot~Knothole quite complete data were collected of con-
centrations of airborne activity on about 150 vceasions in some 40 differ-
ent Jocalities within 200 miles of fhe Nevada Mroving Grounds., 71hese
inclvded wonitorirg of all detonations. Histogrems were made of air con-
centrations versus time after detonation for 30 occasions and estimates were
made of doses to the lungs. These data for the five commnities showing
the highest air conpentration are given in Table VI.b. The histogram for
St. George (the highest 24 hour average concentration of fallout ever

in opulated area eproduced in sppendix J
*Ad Hoc Committee Meeting. Washington, D. C. January 20, 1954.
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- Dose to Lungs
24-hour Averaze (13 weeks)Based Theoretical Mayi=
' Concentration tn :Of Depo ition m@ Whole~body
{rieroeunins mox 0%
Lecad At cubie sebonl
St. Gzorge, Utul 1.29 130 -
-1
Lincoln Mdine, Nev. 4.0 x 10 12 1.5
Mesquite, Nev, 1.7 x 207% 13 1.0
Groom Mine, Nev, . 344 x207% 7 0.35
: Pioche, Nev, . 2.0 x 1072 3 0.015

T e T —p———— ~

#The method used in estimnting doses to the lungs is given in eppendix X,

The criteria previously established by =n Ad tloc Jangle Feusitility

Committee (Washinston, DoC., July 13, 1551), for air concentraticna was

Lt & point of human babl*"ui01, the actiV1tv of redicactive

B4 partlc 2s in the aimocphare, aviresed ovir a pariod of 24 hows,

t shall be limdiad 1o 120 microcuzizs ;or Subis nator of air

! (cor xefgzﬁc‘:; srprrexizately Lo o grownd level gomma intensity

: of 30 mx/hr).

g "The 2/~trour averase radioactivity per cultic netc* of eir, due

4 to suspencded paritisles having disretors in the rengs O miC“,L

i to 5.C microns, shall not exceed 1/100 of the abo"e nor is %

£ desirable that any individual particle in this size range bavae

& en activity greater than 107< nmicrocuriss o:lcu¢a ed 4 hours

g after the blast."

z

!.8 ”~ . - H . -

¥ In the January 20, 1954 meeting of the Aid lioc Committee the basis for
: recormending the above sir concentratlons was discussed, Essentially, these
i

23

G criteria were selected by estimating the gamms dose that might be delivered
% by the passing of a radiocactive cloud. Since there are better methods of

estimating gamma doses and since there are uncertainties in evaluating the
hazards of such transitory air concentrations as experienced from fallout,

and since the preponderance of evidence from past nuclear test series
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indicates that the external gamma hazerd is more limiting then the inhalstion

one, it was recoxmended in the January 20, 1952 meeting to strike from the

record the past recommendations for maximum permissible air concentrations.

It was recermended thet an eir monitoring program be continued for documentary
purposzes end for whatever velue tho data might have in trhe future vhen new
enalyses might be made in the Llight of addiiional knovledge.

A further discussion of the single purticle problem may te made. In
arriving at the recommend#tion ... nor is it desirable that any individual
particle in this size range have activity greater than 10_2 microcuries cal-
cwlated four hours efter the blast®™ a computation was made that the average
rediction dese from such 2 pariicle %o a cphere one~half a milliuster in
radius would be 325 reps.* FHowever, ihs conclusions may be misleading.

In the case of a single particle; relutively large doses are delivored neor
the particle and smcll doses at a grerter dittinnce. Sppendix L sugges
> possible estimeta of this phenorenon, The parameters involved hers =2
many and ¢iflicult to evaluate, For cxamplc, hew long will a particle romain
in one place in tre lung and whal dor2 w11l be delivered during ihot ti:2?

It has been sugested®* that in the upzir respiratory passegs 20-micron
diameter particles are the upper liwit of size for deposition end that "Cilia
sweep 4 1o 6 cycles per second. The probtability of a particle rezaining
within cne nmillimeter zone for as mucl os cue~kalf hour sppears Lo be
vanishing small, ese Protection will also be provided by the mucus lining
which is itself renewed several times ezn hour."™ Accepting the estizates
above and the methods jllustrated in appendices E and F, it may be com-
puted that about 8 reps would be delivered to the surface of an imaginary

stationary sphere one millimeter in radius by a 20-micron particle (0.5

*Minutes, Meeting of Committee to Concider the Feasibility and Conditions
For A Preliminary Radiologic Safety Shot for Jangle., LASL. May 21-22, 1951.
%¥HW-33068, A status report. Sept. 15, 1954. (CONFIDENTIAL),
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rdcrosurie) in 30 minutes {erpendix L), Tarzer dosss vill ba deldvered
closer to the particle but with the relatively rapid movemsnt of the par-
ticle, it does not eppear that large doses will be delivered to a great
nuuber of calls. Multiple exposures might occur from additicnsl porticles

but cpein this rick is difficull to evsluate,

Food
Considerable effort is being directed toward the study of contamin-

ation of food from fzllout. One element of major concern is sr90, 1t
bas boen estinzicd thzt if ons wvere to subsict entiroly on food growm
frou soils contzining cbout ons~tenth to one rderocwrie por squiure fooh
(@]
of Sr’O (1,000 pounds of calcivm per cere to an aver:ge deplh of six to
pzven 3nchea), that over a riricd of yesys there wouldd acswnuld:ue Ja ths
t A .3 » [ 90\' . : « c,\o
kuren sioleton & tady burden of ong rdcyecvris of S»r” 7%, The hizhzot 8r
ectivity found Iu soils frow agriculturcl aress, about 100 nilas from the

.2
Fovrda Yech Site, now ghows a concentroticn of whoub 3.4 x 1077 &

-
OO

cvrles por sgusre foote This is5 o fector of 3C-300 times loes than ths onco-

tanth 1o ors microsurie of S:7° quoted tbovs. .The calcium cont:nt of soils

around the Nevade Test Site is scveral tinmes groater than the 1000 pounds
For acre ustd os a basis for caleulations, vhich would matesd:1ly veduce
tha strontiun vptzke,

(L1though not of direct concern to the Nevada Test Site, it is of
interest to note that soils were cellected from the Marshall Islands
following the fallout in early March 1954, Appendix M sumrarizes these
data, )

A recent report** gtrongly suggests that contamination of leaf sur-

*Private communication, L. A, Dean, U. Si Departmwent of Agriculture,
Beltsville, Maryland, April 23, 1954.
#%Peport on Gabriel, USAEC. Division of Biology and Medicine, Washington,
D, Co July 1954 (SECRET)
- 52 -

et am



o

R NN

e

-+ Ty o o g o
SRenapanogiet i vaand

st sty o
ZE B O W RPN L et gt

EE

P s g

A g a1 8 ven

...,«»-
PR i e e 01

Ap3s

AL e
.“a.')...

facen follovwed by clthar diracet consunption or intoke by wey of milk g
'Y far uoro dmportent pathwey of dnteke thon the soil-plent-enizxl cyecls,
at lezst for thoese times of year when plants may be in a stats of growth
0 coll. . {4 the fellowd, Turilbsr snalyois s hodng plonncd,

This ros roport? raieze o pow problome  Based on statsd escuriicnn,

the ¢nin presentsd indicate relovive dosce of:

thyroid: tens of thousands of reps

sr8779%; 300 reps

externzl permas 40 roentgons

High redloioding doons to the fetus end baly reay bz partlevloiy $vror-

.

tent, Zdditior:il evaluation vill bo givon this probliom,

*mm&mﬂ.{ USAEC. Division of Blology and Medicine, Washington,
D. C. July 195, (SECRET)
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. Routine Redistion Ixvogures

The whole~body ganma effective biological dose for off-site populations
rhould not exceed 3.9 rcentgens over a period of one yeecr. Thils total dose
moy result fromla single exposure or serics of exposures,

If integrutions of doss rate readinge ere used in estiuwating the effec-—

tive biological doses, then table V may be used.

IABLE V
Multiplication ffective
feetor Biolosicz]) Dose
Mexdtoum thzoretierl sadintion
dose froam time of Fzlleut to 3/4,
15 days later
Maximum theoretiezl redistion 1/2

dose froa 15th dey to one yosr

TOTAL
(best estinate
of cffective
biclogicel de.s)

If £31m budges or dose meters are worn on pervonncl and the evidence
of their use gupports the view that the readings src a reasonably accuratc
account of the radiation dose reccived; then the velues recorded on the
f£ilm badge uay bte accepted with a correction factor of 3/4 to zccount for
the difference between the dose received by the film buadges or dosimeters

(including backscatter) and that received at the tissue depth of fivs

centineters,
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. Reutire Radiation Exposurx
DISCUSSICN

In 1953 the following rzccmmendation was mede in the "Report of Come
mittee to Siudy Nevada Proving Ground":

"It is recomrmendad, and found to be in conformity with the present

principles of determining permissible exposure limits, that for test i

operation personnel the total body gamma exposure be limited to 3.9 r |

in thirteer weeks, and that the same figure be applied to the off-site

commnities with the further qualification in the latter case that

this is the total figure for the year. In general, this implies a

single test sceries in any given yeax, ™

Cn the basis of this recommendation end the reassoning discussed under
Criteria I, the criteria for estimating the whole-body gamma eflfective
biological dose are summarized in teble V., It will be noted thst the bio-
legical feactor inzluded under Criteria I is onitted in Criteris V. In the
first case we are desaling with relatively high doses that may require ewer--
gency measures With their sttandant hazards. It is a sitvation ukere one
wishes 1o estimate all pertinent facters in evaluating rzdiatien dores even
though thay may not be knmown with precissness, before recormending an cner—
gency aclicn that may producs greater problems. In the case of Criteria V
on2 is concerned with relatively lower doses during routine operatiohs. It
would be difficult to justify on the one hend the proposiiion that weekly
doses for general populations may be integrzted and taken in a single ex~
posure without psnalty and on the other hand, that a given dose received
over a period of a year may be administratively reduced because of biolog-
ical repair. Therefore, the biological facter is omitted.

The general effects of backscattering on measured radiation doses

are fairly well established. Further, knowledge of depth (tissue)-dose

curves has advanced to a guantitative state.® Thus, there seems to be
*Peymissible Dose From External Sources of Ionjizing Radia National {
Bureau of Standards Kandbook 59. September 24, 1954. i




little doubt thet & film btadge or dosimetecr worn on the person will over-

estimate thq germa redisticn dose delivered at a depth of five rzntiméters

(assumed depth of blood-forming organs). A major factor in determining this

difference is the quelity of radiation undoer consideration. One report*

dealing explicitly with redistion in a follout field suggests a facter of

sbout 3/4.

*WI-814. Effective Energy of Residual Germra Radistion, January 1954.
CONFIDENTIAL.
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[ TITRDTE_A
Sumpde Fetdnetlon of Govo Padistfon Lo Srasd by Fomadning Tndoors
EXAMPLE X
Assuse: Time of fallout = HY3 hre
Duzo rate at F%B = 667 mr/hy
Thens Theorstic~l noodumnm doze fren iirse of

fallout to three hours latexr 1.30 r

Savings by remaining indoors for

three hours 0.65 r

One year effective bioclogical dose if

personnel did not remain indoors during

the {bree hours (baszd on s#ire assump-

tions contained in -ecticn on cvacua~

tion) ~5.5

Per cent of one yerr effecliva hiclog-

fecad dose saved by remsinding indocrs
for thc three hours ~ 125

EXAMPLT 11

Assuma: Tinz of ‘ullcut = BL3 brs
Doz wcts st EA3 = 667 ux/uv

Thens Theorcticsl meazdimum doss Trem Lina of
fzllovt to eight hcurs later 2,30 r

Savings by remsining indoor: for eight
hours 1.15 »

pcruonn l did not -t”*in 1hz
during ihe eight hours (t“.:

cosunpiions contnined in sccliion on
evacuation) ~5.5r

Per cent of one year effective biolog-
ical dose saved by remaining indoors
for the eight hours ~21%

- 57 -
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number of betas at surface per e per sec.

n won " depth x
msus absorption coefficient
distonces (dopth) under conziderstion

=
auen

I ~x
ax - ko ey
Rz ylco o

= dere rate st donth
E T moad encrey of Lotas
(JO; \(\pc:) A

. .....‘.........,.\;;.;...-Z.). prd 2.33 Yo ”"’/F_‘, -0,

o«
-
Q
-
(@)
e
o
]

|
Y

=
N
by
[
FOd
<)
:
H

.
"

2

he =3 C = scetivity in microsuries per cu:
Rz ¢ .
R:( Qo
=5
[5R 5

Iyeamla

Lssume: C = £0 wcefexm® (bota) 2
L= 5.4 C vhere: R 2 dosz rats e} depth 7 me/c®™ in rens
C = soiinvity/ex® in )‘s.c
= (5.4(c0)
s 3% rups/hr
or = 40U yods/hr

¥ O % O %X X OF R K oK O ¥ K ¥ KON O O® X O® X H O N KU K KX

Comperison Beta Dose Rate (Reps/h=) st 7 Mz/cr? to Garma Dose
Rate Measured in Infinite Field af Three Feet Above the Surface

Assume: 8011‘}Ac/cm2 (bet'\), equivalent to
gacurie/mi< (gamna)

432 = 105

»
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In ono 3 levant experizent, ree vas preperzd by soslirg

a filtor pap golution of i »-3iistes and allewfng 4t to Ciy. Tho
carface dess rates were then noemur:d wiih a cuxicce donlzation el i o ®
Yertinont dala &re ebatractsd™iz £0llceus:
Thickness of source 9.6 mg/cm2
Activity of source 77.0/pc/bm2

Surface dose rats 0.127 rﬁ‘-/;‘::
1.57 »rC .J.,,/I.ﬁ”

Jarth of x coatimetlers e~9.2x

e d

Docege rate =

A, Jhoorelic:ily

Subgtitullisz Soov

9 e

[

7.0 C yrops/hr

Let C = 77}}0/(‘:&2

Then R = 7.0 x 77 ’
539 repz/hr et 7 r;g/c:::2 (P32)

b

®Effects of Exterpal Beta Redjation, Zirkle, Raymond E. McGraw-Hill Eook
Company. 1951.
P 9,_:-_:3
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B. Exparirentally
R = 457 e (3:5)(C.CO7)

= 427 reps/hr at 7 mg/en? (P32)

Thes two akowve sppreaches sre within 26% of esch other, If ons culrzpe-
. - 2 X
lates the experiranial duis frox a scurce of 9.6 mg/em to & thiz sourco

(for comparative purposes) the two meiheds are within 20%..




APPEXDIX C (a)
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HOURS AFTER DETONATION THAT CONTAMINATION OCCURS
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CALCULATIONS

Gzigma_Dose Pate from a T0-14 S*V-T“"‘°§_ a.?rﬁzn: end Contarn
of | re

Dosge rate of gamms from a point source

F y'mt-\“sc T T

r = 6CE where:

Formnles
Lev: x
C
E
h

fw

"
[
[
L]
[0a)
(@]
&3

= 1/2 foot
= 40 yie/oem
= 0.7 Mov
= .,/,3 f\) t
- k’.ﬁ.\.‘;)(’, o

0,36 v/ir

BN

D . A ’;.-.'. —— -

r/hr
activity in curies per square foot
averege enercy of garmas (Mev)

r
C
E

- 2
or 3.6 x 107° o/rt (gunme)

1Ry (0,7) 1 r”/"?_" "-’-""2

;3 )
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Estimats of Doce Delivered by a Single Peyticle of Fallout Mgtorisl

Assuria: e,

>

[

w1,
foilisus ¢

Th: dose dellversd et the surface of an iwnginary sphere oo distancs
R from a point source.*

(1) k(R)= & 7R pev
vz =

FOR UIESICN FriDUCTS:

- 3 . "‘1'2
W A=

i

8

dicintegrations par undt tire at lics "a
after detcnztlion
Al = disintegrsticns per unit time &t oze undt

of time after detonation

vhores A
here Aa

*Rossi, H. H, and Ellis, R. H. "Distriihted Beta. Sources in Uniformly Absoroizg

Media®,

Nucleondes, dJuly 1950, V. 7, No. 1.
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ey
Yo, )

g wguation (2),

-002 + "'002
5Al (ta "% )

Integretin

(5.8.) C
o) (5.b.) ¢C

i oo

1.2(4 0.2 — ¢, ~0.2
5 t 20 (ty-0.2 — ¢,70-<)

e S . Ve nd Fal AN 2. . e do
where: C o= fot .l nuonrzor of Clsintegrations foowm
P e .~
et 4o Bpf
4
9

S Fars . g .~ o
oL dotostien

When tb is infinite,

(6) Coo = 54, t.

- By thr usa of esuations (3.z.) or (3.b.) rnd (5.b.) one may ccnnute an

-

Of cowrce, the problea is ths determinstion of ®t " 2xd -»l“, Leney
a )

L

hovw long s(isr detonetion vill & radiczetive poridicle bz depotii & and hou

[<d
~r
14
1 &

:
=
0
a2
4
i
b
b
4]
L

loog will the particle ramsin in vluca. The first thes (

[-“'c,;-c'euww

4
5 L ;’A
iyt
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Eztimato of P:ta Doses frop a Sinsle Pertiels on the Svin
(Posgitle Froduciion of Recesrizable Trerthem:)

Ist: ¢t = 3 hour:z (fi:: pavticls s @-rositud on skin)

.

a
'bb ® 27 kours ($3ms proTizla fz removed)

Apgume: 1500 reps = tot dzy to yr

0.1l cm = radius of imaginary sphere within which cells rmust
receive 2000 reps or larger.

-'7 2 . > ’ 3
lecording to srpendix B, 2.5 x 107 r-::p:_/dn.rm't-? rreticn 33 d2livorsd Lo gsUre.
freco of dxaginnty sphore Dol ceotizsier i radivi.

1.5 193 .G . . s
e € el g viat Y~ N “ 4 4
wrevomy ¥ 6w 107 Sesfntemvobions rogulred

2. 5 X l\'

(]
H

1T .- =
c - P a2 R ?.'.‘ “.7¢2 .L_"’O ’.7
- g PIRES ‘D f
ke e T 0.0
S . - o, L e a3 Py :
¢ = 309 = BN ST e 2% ‘J‘,J'
~
A, =0, "t =257 g5,
a T RS
. tent S.hvn on UL 3 beaps

Of courses, +ho radius
tha celouleticna, 7
of ahout S6 wicrecurice
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particle of 150 microcuries of beta activity or 75 microcuries
of geazma activity. (See appendix H.

R A 2y s
1= 8 Arn il Toor sadiwe throvgh 05 ma of 3t

“v

g e
NUoaletisig

"

——e .

vheres = zimea desn cte (v/hr)

o~ ol -
€ ¥ oouvinsiors
-2
A f
Let: e ® 7.5 x 20

I e

=
T 63 v pumon »rate oot feur doches (oo omidtoed
o d

Z R 244 rmfex Tor Il lon proluets
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Gisas o r!"v{‘f‘ a frem & Sin "&_PQM_. —-Lt&—-g-—"..u."\
) gz..m.___um&..n.a;
1C3 106

A, Compoxinnn of Tate smargize frem Ru'” end mu wixture to tkhat frea
fissic a3 roGuC L,

s 1A \

Stlhs ¢

1. Gy " )
3@:.75 )

Pon

»
v

0.75%

To estimate a msan average energy of betas from mixture:

3 - R T R Vad et Voo ey Tioam o Tt ooa
'PS:LI_-... P59 . : x naALn od J AR ]

O R b e e AR - —I-o' s L PRSI R A R T Y v

1.0 hi}
..)3

0. ';5

003

(evyl) [ 'z
LoD

o oE

<‘~“

~ O
\:JPO
VO

Tt e A

Tro
(24

vous e lecting

*A11 of the basic data contained herein on ruthenium is contained in:
HW-33068, A status report. Sept. 15, 1954.
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B. Data ou doses and effccin fron single pariicles of T wd I

1. Size of particle: 40 )l 120 ).1
Activity of pariiclios 1.1 ):c 11 /"
Doze rate Lo 7 z-g;/cmzz 6,600 reds/r> 27,500 vadz/nr

Tinc dose delivercd: ~ 6 dazys ~ 6 a s

2. Survey Dose Total Skin Dose Effecis
W (rads)*
400 ' ~ 500,000 None wvisiYlc
‘150 ~~ 900,000 Reddening
2,500 ~ 2,032,020 Dosquamition

11,000 ~~ 6,000,000 Tiseusz Dnplo o cuien

21,079 - ~ 7,000,020 Piesus T i
LA G

q50 2. , .
C. Q"‘-o~>\/zc crtivated cativil
20 VAR RPN VAt

D, (8.3)(0:2) T 1205 e tat il ot
. 12 doss

ity during t-e 11,.6, Lours. )

* 90 mrads/hr = 1 }zc

¥¥Mtotal dose refers to the hot spot directly below the particle, and is
valid only as to order of magnitude.”
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Vhat suecific sctiviter of o vrrlliclio of £:11cut vourld Lo ioavdyed 4

. 5 B -

m
(W]

deliver ihe same dcse in the same length of time?
The answer to this questicn depends upon the time after detonaticon

.

tha $he particle coms in corntoct with the sifne  Erruming thic

«

to be B3 hours, the sr.cific ectiviiy wold bamve to bo sbovt 160 e
’ /
for the same sizc prrliszls,

Since the particle may bs washed off bafore six days bhave expired,
one may consider the problem another way. What must be the specific
activity of a particle a2t 4¢3 hours to deliver this dose in the next
2/, houre?

Lecording to Siransovied (paze O), enly sboubt TCF of & im0
dose r=ed be celivirsd in ens day
Aceeptirg this, thon 2 particie with abeut the sar2 ecbiviiy

et T/3 bours would ba sufflcicnt to delivir an ervilzma dose in or:

3

dsy.

sl



F. The following <a*x era mvporied for single partlcler eall-iisd s

Upshot-Knothole* end Tumbtler-Snapper®#,

Sior of Tavtinle ) Pistones ‘mom Tonni Zono
(/1) (ites)
YT 15
PR . 200 130

1,626 x 924 900 10
919 480 11
723 350 14.7
AVA 400 10.

555 150 4.7
387 250 14,7
234 L7 T
115 5.2 G5

81 | 3.0 3.
20 : 0.5 —

rs 3 e,
DAL I e B R

It is not izianield iz
activities per particle tial exisied or could exist,

mile: saxe reported to show itre wide renge of specific ectiviics

ocour at one localiiy.

. f.rnc L in

e

The 8ztq st 177

that nay

¥)/1-811, "Distribution =nd Ckh:
than 10 Miles from Ground Zero, March and April 1953",
(SECRET) and La-1685.

##JCLA-243, M"Preliminary St
Nevada Proving Greundsz"., February 1953 (SECRET) and
¥x%Data from estimations based on radioautograph methods,

60:
e

racteristics of rallout at Distancas Greater
Rainey, C.T., et al.

udy of Off-site Airborne Redioactive Vaterials,
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Estimation of Patio of Surface Data Dnse Bale to Gsmma Doce Bate at Four
dnches from an Object Tvio Inches dn Radiug

OCuo may as:upe & retis of beta Jozs oracs (b 7 mg/cm2 Couth of ghin)

3

to groma dece zats (ihrea oot chove Lho ooovod) of 125/1, T2 a esmion-
ireted object of say two inch rellus waro tioved (or shicldud) from a

general radiation field the gamma dose rate at four inches from the
surface might be some 40 times less than from an infinite plane with the

eznma dagres of contesmination (appsndix D), vhile tke bet= dc=a rate nig-.:‘r.ft'

reaedn almost the seme valus A5 the objeel iz in cont&ct wila ths sin,
Thus, the beta to ganma dozs rates monawred wnier these corditdeas a’onb
be 5000/1, Ior ctker than e plana surfecy, the croma dose 1.iss mizht

be highey, thus reducing thds ratioc.
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The following agsurphions. tra rade Ly estiz-i
lungez,

A. Twenty per cent of the inhaled activily is deposited.

B. There will be no élimination of particles during their radio-~

active lifetimes., There is uncertainty as to the biological

half-1ife of particlss in the lungs. In those communiii:s
showinz the highe=zt conczenirsticns cof fallovt, th: pazk of

sirborne materisl (viich accounicd fer the gresztest porcon~

trge of tolal felleut) occurred cnly & few hours afisr

aetenaticn. If one mssunes a reciologiczl decar accordiny
-:’~°2 . c - 4 -~ o= o o 2 4.9,
to t snd a biologicil Lulf-lile of say 30 days, tho
i 2 o ot e ey e 2 S S AP S ~ o Pl s s :
Oniscicn of Ticlozical Lail-llle woll ol sifect seviovw iy

the compmted tctnl <o

C. 211 of the activity is associclcd wiith wmortiic
wopirable range of sizss, Tast dets from cuscade
lmpactors indicate trat zbout 0% of the activity is saioci-
&ted with particles 5 micr*ns or l2ss in the cormunitl zx
surrounding the Nevade Test Site.

D.. The lungs are unifornly irradiated.

E. The weight of the lungs is 900 grams,

F. An individual inhales 20 cubic meters per 24 hours.
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1445 3
1845 4

- 23C0 4

Duration
1130 4.3 hrs

]

e o

Tho everaze betz enenry 55 Q.

The gamma dose is negligible compared to the beta dose.

Dain et St Coomme, ]

T,

!

L.

; e e gy 4y
e fenTalt

N i -

+2 hrs
.0 krs LTS 6.

.2 hro 1Z.% hrs 4.

€335 . 7.5 brs 21.5 trs X
1235 12.0 brs 3340 s 2,

- ppa Le2 - 002 i
D= SAt, Lty - tb pie
Lsts tp = 3 hours

t{’ = 218/ hours (13 weeks)
LA = .

D= (5)(3

Assume: E

3 /'1c

o
-r 9
MY

= 0.5 Mev

(44 x 109).(0.5)(1.6 x 10‘6)&;%33 &.A) =

93)

T WY S,

5
USRI

£ Yov,

Ttah

T !
Eimel -t
A2

NN

ne/t 0,837

4e17 15.

2,38 6.3

-]
3 x 10~ 201
4 x 1072 0,15
L % 107R 0.07

e 0.5

- -\le2 7=0,.2 e, =02
22 % 106 x &0002)Y°° /3 0.2 .. PRYIA O"_‘7

bedh % 10° disintegt*..tions from 3rd hour to 13th week,

4.2 x 1072 reps

42 mreps

TOTAL LUNG DOSE FOR )3 WEEXS: -~ 130 mreps

.03

D
0.7.3
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Esiimete of Dose at Surfoce of Tmazinary Sphere One Millimeter 3= Radis

Legrations/30 minvizs,

22

5 jo st B £ 3 1o B4 2 noog

At surlece of iraginiry sphere 1,0 mm in rodive the doen rzte freonm

a point source is

2,52 x 1074 mreps (See appendix E.)
2 © disintegration ppe

(3.3 x 107)(2.52 x 1~4) = 2.3 x 102 mrepz/30 min.

~~
= 8 reps/20 mirn,

For yparticles of kigher spseific activity, the doze would te coozzspondisy
higrer, of nourssz. '
’
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Fnivetok
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AT LR X

-1

1.6:20
7.8x1072

62.0
£0.0
5.0
Lob
2:0.0
50.0
200,0
53.0
3.3
8.0

6.3::.10’l

8.7 x 10
1.2 x 1072
3.8 x 10-'2
2.8 x 1672
1.1 x 16%
4.8 x 2077

1.3 x 10 °

1.G5

b ]
o5 x 107+

5 3= },O"l

L

9.2 £ 10"1

4.9
5.8 x 1077
bed x 10"1
6.6 x 107+

9.6 x 10~2

3,500

€0

2.0
400
170

:\': (r\%’_' !'?_.;:\R >4
*A11 data as of May 5, 1954, except islend of Eriirippuni Wiere date is fay 20,

1954, B A L :
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