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INTRODUCTION

On December 12, -13, and 14, 1956, a Sym-
posium on the Shorter-Term Biological Hazards
of a Fallout Field was held at the Pentagon,
Washington, D. C., under the joint sponsor-
ship of the Atomie Energy Commission and

the Department of Defense. The purposes

were to review the basic information related to
the more immediate effects of fallout, both

biological and physical, laboratory and field,
and to suggest new research approaches to the
many unresolved problems. “

The papers were presented under five topic
headings:

1. Decay Constants, Weathering and Shielding
Chairman, Dr. Louis B. Werner, U. S.
Naval Radiological Defense Labora-
tory

2. Gamma Energy Spectra and Geometry
Factor

Chairman, Dr. Eugene P. Cronkite,

Brookhaven National Laboratory

3. External Beta Radiation

Chairman, Lt. Col. James T. Brennen

Walter Reed Army Medical Center
4. Biological Repair Factor

Chairman, Dr. Nathaniel I. Berlin, Na-

tional Institutes of Health
5. Internal Emitters

Chairman, Dr. Wright H. Langham,

Los Alamos Scientific Laboratory

Whatever success the Symposium may have

achieved was due to theefforts of the chairmen,

speakers and diseussants. Appreciation is ex-

pressed especially to Colonel Roy D. Maxwell

and Commander Thomas E. Shea, Jr., Armed

Forces Special Weapons Project, and to Mr.

George T. Anton of the Atomic Energy Com-

mission, for their able assistance in plan-

ning and conducting the Symposium, and to

Mrs. Violet M. MeC'arthy of the Atomic
Energy Commission for her invaluable secre-
tarial assistance.

’
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Decay Constants, Weathering, and Shielding

  



   

METEOROLOGY—FALLOUT AND WEATHERING

By Lesrer Macnra and Kenneru M. Nacuer

US. Weather Bureau, Washington, D.C.

INTRODUCTION

Meteorology plays two roles in the study of

the biological effects of nuclear radiations on

man. First, winds and rain govern the trans-
port of the fission products to man’s environ-

ment. Second, after settling on the ground,

the fallout particles can have their effects mod-

ified by rain washing and wind erosion. It is

the purpose of this paper to discuss both roles.
Research in the Weather Bureau has been de-
voted largely to the first problem, namely pre-
dicting the fallout. Accordingly, in the absence
offirst-hand research, the discussion of weath-

ering will be more goneral.

TRANSPORT

There are two aspects of the problem of pre-

dicting dosages of radioactivity on the ground.
In the first: place, the initial distribution of

radioactivity in the stabilized atomic cloud on

various particle sizes, at different altitudes must
be given. Then, with this distribution as the
starting point, the particles are tracked down-

ward according to their settling velocity and

horizontally according to the winds.
In theory, it might be possible to deduce the

distribution of radioactive particle sizes and

their specific activities in the atomic cloud from
the explosion kinetics, thermodynamics, and
available scavenging agents, but in practice, it
js necessaryto rely on the findings from previous

nuclear explosions.
Figure 1 shows, in principle, how this is

accomplished. From considerations of the
settling speed of the particles and the winds,
it is a straightforward process to obtain the

locus of points at which particles from a given

altitude will fall. These are the radial lines
on the chart. Further, from the same informs-
tion, it is also possible to derive the locus on

the ground of particles of the same size (or,
really, fall rate), also shown on the figure and
labelled according to their diameters in microns.
The heavy line shows the path that the 100-
micron particle takes in falling from 40,000
feet to the ground. The heavy dashed lines

are isolines of observed radiation intensities,

in milliroentgens per hour 12 hours after the

burst.
Although the actual procedure is more

complicated because of the finite lateral width
of the cloud, the theory of producing a model of
cloud radioactivity can be illustrated from this
figure. The procedure is that of associating
the amountof radioactivity at a given range of

cloud altitude and particle size with the cor-

responding radiation intensity on the ground.

For example, the particles in the shaded area

(those between 87 and 100 microns in diameter

which were initially between 30,000 and 35,000

feet) have caused an average dose rate of about
50 mr/hr. It is to be noted that this mapping
procedure bypasses the determination of the
number of radioactive particles and their
specific activities, In fact, since the radiation
intensity lines used in this type of analysis are

obtained for Nevada tests by monitoring the

ground with conventional hand radiation-
measuring instruments (or, less frequently, by
aircraft surveillance), the effectof shielding due

to rough terrain is already included in any
forecast derived from such information. This
technique of preparing forecasts of radiation
intensities from cloud models is now used by

3
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FraurE L—WHypothetical Fallout Plot.

practicallyall groups engaged in this procedure:
The Weather Bureau, the Los Alamos Scientific

Laboratories, the Rand Corporation, the Uni-
versity of California Radiation Laboratory, the

Naval Radiological Defense Laboratory, and
others.
The result of the preceding analysis yields a

model of a cloud from a specific explosion: A
given yield, fission-fusion ratio, and type of
burst. The best information, that from Nevada
tests, is limited largely to comparatively low-

yield weapons tested on towers. A scaling

formula is required to refer the dosages to other
yields and heights of burst, but such scaling
velationships are not yet well understood.

It does not appear to be appropriate to pro-

vide the details of each of the models of radio-
activity created by different organizations.

Rather certain general results will be given,

flavored by the Weather Bureau studies of
Nevadatests.

The bulk of the radioactivity in the fallout
comes from the mushroom head. The ratio
of such mushroom to stem material in Nevada
bursts is roughly 3 to 1, but this distribution
seems quite variable even on shots of similar
yield, There probably is a smaller proportion
of stem material in bursts in the megaton range.
Models proposed by various groups studying

fallout have differed greatly in the proportions

of activity in the mushroom top and stem. The
particle sizes in the stem are relatively larger,

that is, the radioactivity is mainly attached to
particles greater than about 200 microns.

Further, the lower down in the stem, the larger
the particles appear to be.

The activity in the mushroom is also non-

uniformly distributed in the vertical, From
first principles, one may argue that the thorough
turbulentmixing in the mushroom will meke the
amount of radioactivity per unit mass of air
uniform throughout this part of the cloud.
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Since the air density decreases with altitude,

the amountof radioactivity in a given volume

of the cloud is much larger near the bottom
than at the top. This appears to be borne out

by actual fallout data with the one additonal
fact that the peak activity seems to be located

on somewhatlarger particles near the bottom
of the mushroom cloud than near the top. In
general, both im Nevada and the Pacific, the
particle size with the greatest amount of
mushroom radioactivity is between 100 and

150” in diameter with a specific gravity of
about 2.5.

APPLICATIONS

Aside from demonstrating how afallout

intensity field is predicted, there are other
features which may be of interest in this sym-
posium. For one thing, it is comparatively
easy to estimate the time of arrival of fallout,

which is necessary in estimating the cumula~
tive dose from a dose-rate measurement. Also,
if there is fractionation in the nuclear. cloud
as a function of altitude or particle size, then
it is possible to provide estimates of the heights

of origin and the particle size in a given part

of the radiation field. Ag indicated by particle
size measurements, meteorological predictions
do yield approximately the correct particle
sizes; but along with the activity on the pre-
dicted particle sizes, there is a disturbingly

large fraction of activity on particles too small
(even less than 5 microns) to havea significant

settling velocity.

EXAMPLES

It may be of interest to consider a typical
prediction of fallout in the Nevada TestSite.
In Figure 2 the predicted fallout in milliroent-
gens per hour 12 hours #fter the burst is shown

as the solid lines. The thin dashed lines ere
the observed after-the-factfallout isolines in the
same units. This case shows the verification

of the fallout pattern, using a wind forecast
made 2 hours before shot time and a Weather

Bureau model of radioactivity. Such forecasts
are used by the test management in making the
decision whether or not to fire. On Figure 3,
the shot time winds are used. A comparatively

smal) decrease in wind velocities has made the
fallout pattern shorter and wider than the H-2
forecast. Finally, as shown in Figure 4, a more
refined treatment of the wind has been at-
tempted. The time and space changes of the
wind along the pathsofthefalling particles have
been incorporated. It is evident that the east-
wardturning of the fallout pattern in northern
Nevada, missed in the previous static wind
cases, is better accountedfor in this figure.

In Figure 5 the pronouncedeffect of the wind
structure on the fallout pattern is shown. Not

only the bearing of the fallout pattern, but also
the shape is controlled by winds. Shown in
the upper left corner (from a paper by Dr.

Gordon Dunning) is a set of idealized dosage
lines for the CASTLE BRAVOevent, together

with the winds which carried the particles east-

ward. The remaining three figures are the

authors’ estimate of what the same isolines
would look like in different wind situations.
In the lower left is a typical winter case of
strong west winds, with an elongated fingerlike
configuration. In the lower right is a case of
light winds, changing from east to west. Note
the marked difference in patterns. The upper
right, a case of southerly low-level winds and
moderately strong upper westerly winds, shows
the stem fallout bulging northward somewhat
in comparison with the lower left-hand case.

SCAVENGING BY PRECIPITATION

The previous discussions and examples of
fallout have considered only the effects of grav-
ity and wind. It should be pointed out that if
the airborne debris passes into an area of rain
or snow, a very different radiation pattern on
the ground mayresult. There is no good data

on the quantitative effects of precipitation on
close-in fallout, but it has been observed that

most of the radioactivity remote from the test

site is brought down byrain.
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Frours 2.—-Sample Fallout Computation—Predicted Winds.

WEATHERING

Tae radioactive particles deposited on the
ground may be transported or modified in their

effect on man by the action of wind and pre-
cipitation. Three types of weathering can be
imagined:

1, Particles can be washed away.
2. Particles can be blown away.
3. Particles can be covered.

In the first case, particles embedded in rain-
water or snow melt can be washed into the

ground or carried away by runoff. Light rainor

theinitial part of even heavyrain tends to soak

 

into the ground—carrying some particles with
it. Once the air space in the soil is filled with
water, most of the additional rainfall will run
off along the surface andinto streams—-carrying

along more of the radioactive particles.

To this must be addedthe action of raindrops

in dislodging the particles by their striking
force. With light winds or on level ground this
is unimportantbutin strong winds or on slopes

with as little as 10 percent grade, there will be

significant transport,
This qualitative picture combined with the

tremendous variability in rainfall can differ  

METEOROLOGY-~FALLOUT AND WEATHERING 7

with time and location through a very large
range.
The movement of various particles by the

action of wind is shown in Figure 6 (from a
paper by G. R. Hilst of the Hanford Atomic
Products Operation). The table shows that
the particles most easily moved by wind are

those in the range of 50-800 microns in diame-

ter. A wind of only about 10 knots (measured

at the meter level) is sufficient to pick up

particles in the 60 to 130-mieron level (A. Sund-

borg, Geagrafiska Annaler NRXVIL (1955) ).
so it is apparent that. the important particle

sizes as far as radioactivity is concerned are

easily moved by moderate winds. Smaller

particles may be eroded by a process known as
saltation, in which the impact of larger, erodible,

particles jars them loose and allows the wind

to carry them away.
The particles whictt are lifted by the wind

will, of course, settle elsewhere. However, in

general, (he importance of this dispersal process

is the diluting of the higher radietion intensi-

ties. Furthermore, particles initially or sub-

sequently settling inte crevices will be the ones
most apt to remain. Radiation from these
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Fioure 3.—Sample Fallout Computation—Observed Winds at Test Site.
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DISCUSSION

K. M. Nagler, U. S. Weather Bureau

Dr. Mircueui (Rand Corporation). I would
like to know whythe particles of less than 20
microns are considered non-erodible.
Mr. Nacier. This concept that large parti-

cles are more easily blown away than smaller

ones seems unlikely atfirst thought, but it has

beenverified experimentally. The explanation,
I believe, lies in the way that the wind speed

decreases very close to the surface over which

it passes. With moderate wind speeds ata few

inches above ground, the force of the wind is
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particles will be partially shielded by the
surrounding soil,

Like rainfall, wind speeds show marked

variability, so that the erosion of particles by

wind action likewise varies over a large range.

Finally, fallout particles may be covered by

wind-blown sand with a resulting decrease in
radiation. Also, it should be noted that snow

cover has a shielding effect.
In conclusion, it might be well to emphasize

the very greatvariability from time to time and
place to place in the effects of weathering on
deposited ralioactive particles. Any “average
weathering effect”? must be used with caution.
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still strong enough 100 or 200 microns above
the surface to move a particle which is large
enough to extend into that layer, but it is

normally so much weakerjust above the surface
that it is unable to move a 20 micron particle.

Dr. Bora (Brookhaven Laboratory). Would

you care to comment on the importance of
different soils in altering the particle distribu-

tion that the model that you propose deals

with, and the resultant change in the fallout

patterns?
Mr. Nacurr. This is something which is

really not very well known. Thedistribution
of activity on coral from a Pacific atoll does not

seom to be greatly different from that on Ne-
vada sand, but it seems probable that the

rubble of a bombed city would lead to quite a

different distribution of radioactivity and par-
ticle size.

Mr. Srencer (Bureau of Standards). T have

two questions. Have vou actually carried out

calculations of the time distribution of the

fallout?

Mr. Nacuen. Yes.
Mr. Spencer. Have vou determined what

percentage of the dose delivered is delivered
while the particles are actually falling?

Mr. Nacier. No,notspecifically, but radia~

tion from particles still airborne has heen ob-
served. In some Pacific tests, a considerable
part of the dose received at some locations was

due to particles that were settling very slowly
or, essentially, just drifting past in the trade
winds. The measurements T have seen from
Nevada tests have not indicated that this is an
important phenomenon there.

Mr. Spencer. One other question, Have

you plans or have you actually carried out any
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SOIL ERODIBILITY AS A FUNCTION OF PARTICLE SIZE

Relative erodibilityDiameter (microns)

Less than 20 Non-erodible except at wind

speeds greater than 50 mph,
6 inches above ground,

0 - 50

50 - 500

500 - 1000

More than 1000

Difficult to erode.

Highly erodible.

Difficult to erode.

Non-erodible except at wind
speeds greater than 50 mph,
6 inches above ground,

Figure 6.~—Sotl Erodibility as a Function of Particle Size.

studies of local irregularities as they affectthe
fallout pattern?
Mr. Nacurr. The question of irregularities

in the fallout pattern?
Mr. Spsncer. Inthe groundcontouras they

affect the fallout pattern. .
Mr. Nacter. We knowthat these irregu

Jarities exist, but to my knowledge, there bas

been no good quantitative study of them. The

observed Nevada fallout pattern which I showed

is probably oversimplified, since most of the
monitoring runs are made in fairly broad, flat

valleys, Some features of rougher terrain must
act like snow fences and cause an irregular
piling up of the radioactive particles.

Dr. Werner, Are there any other questions
from the audience?

Dr. Stannarp (University of Rochester).

Could you give us some very average figures
for the fraction of activity on particle sizes too
small to settle out?
Mr. Nacrer. Thefraction not settling out is

quite dependent on the type of burst. We can
get an idea of this fraction by considering the

measurements of what fraction settles out.
For Nevada tower bursts perhaps 5 to 20 per-
cent of the total radioactivity falls out within
the first 200 miles or so. For a surface ex-
plosion, where a great many morelarge particles
are formed, a much higher percentage mayfall

down, perhaps as much as 80 percent, within
this distance. For an air burst, this percentage

falling down is almost negligible. In each case
some of the reniaining activity reaches ground
in a few days, but muchis on particles with no

significant settling velocity.

Dr. Werner. Are there any further ques-
tions? I would like to ask a question, if I

could. What would you expect the effect
would be of weathering on redistribution on a
rather large-scale fallout field and also on

structures?
Mr, Naauer. On a large seale field the

general effect would be to diminish the fallout

in the places where it was most dangerous.
Weathering would not have a concentrating
effect normally. It would tend to distribute
it and bring small amounts to other places

METEOROLOGY---FALLOUT AND WEATHERING 11

which had not heen affected. T don’t think

this would be a very dangerous effect. As far

as structures are coneerned, the airborne

particles would gradually infiltrate into homes

and so forth, much as dust does. 1 don’t know

quantitatively how important an effect this

would be. I would not imagine that it would

be too great an effect.

Dr. Werner. As I recall at Redwing, there
were some effects of this sort noticed on the

ships that were ont in the fallout pattern,

Passing through a rainstorm did have quite a

significant effect in reducing the level of radia-

tion. However, here there was a convenient

waste disposal tank available which would not

be available in the case of land installations,
For land installation, I would think that

perhaps the intensity would not be appreciably
decreased by weathering processes. T wonder

if you would comment. on that.
Mr. Naaurr. I can cite an example of this.

We drove in very close to the remains of one
tower—that from the explosion on May 5,

1955—-just. a few davs after the test, The
levels of radioactivity were rather low on the
asphalt pad almost underneath the toweritself.
There had been rather strong winds. J would

suspect that from smooth surfaces like city

streets and buildings the wind erosion of these
particles will be rather large. On rough
terrain and in vegetation it would be rather

small, It must be a tremendously variable

thing. It would also depend upon how damp

448029 O—58——~-2

the ground was. On very dry ground,particles
maybe picked up moreeasily.

Dr. Werner. Perhaps we have time for one
other question.

Dr. Newcomae (USNRDL). Do you have

any information on the possible screening

effect of vegetation in determining the amount

of fallout on the ground? 1 have in mind
availability io the animals on the floor of a
forest, for instance, as contrasted with a desert

area or grassland area.

Mr. Nauter. T believe that Mr. Larson of
UCLA has had some data on that, that the

leaves of plants do tend (o selectively collect
small particles, due to the rough structure, the

tinyhairs on theleaves, and eo forth. So there
is actually a collecting mechanism which is

probablyiniportant in sometypes of vegetation

in intercepting and holding these particles,

making them more available to the animals.

This is an important effect. In Nevada we

don’t have the best place for measuring the

effect onfoliage, but we feel this is an important

effect.
Dr. Werner. Thank you. T believe there

is one thing that impresses those of us who

have been concerned with the matter of pre-

dicting fallout field that Mr. Nagler has been

discussing and that is the variability. Even

under best conditions as you can see where the

impute data is determined, one canstill expect
rather large variations.
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RADIATION PROTECTION WITHIN A STANDARD HOUSING

STRUCTURE

By Rosert T. Graveson

Health and Safety Laboratory New York Operations Office, U. 8. Atomic Energy Commission

INTRODUCTION

The gamma radiation ficld measured at a
point above a contaminated area is the sum of
the individual radiation contributions from in-

cremental surface areas located at various

distances from the observer. A_ relatively

small, clean area may be expected to reduce the
total intensity by eliminating the close-in con-

tribution. In practical application, a building
which does not offer shielding by its walls will
still reduce the total dose to an observer duc to
the existence of this clean area, although the
roof may carryactivity.

Relatively uniform fallout contamination
was present in the vicinity of a one-story build-
ing. The gamma measurements made inside

this building indicated that an appreciable
reduction in radiation intensity may be expected
within standard housing structures.

PROCEDURES

The building in Figure 1 is located on a level
field. It is located 50 feet from an adjacent
building, and its back faces a small earth mound
situated 20 feat from the rear wall. The build-
ing was constructed of corrugated aluminum

siding, approximately %2-inch thick on a con-

crete slab floor, Two sides are bordered by
a porch.
The gamma radiation field in the vicinity

resulted from fallout, and the measurements

were made 6 days after the shot. A lotal of
2 inches of rain had fallen in several hard

showers subsequent to the cessation of active

fallout. 10 is believed that the roof bad been
either partially, or completely, cleaned by the
rain action.

 

Ficure 1.—Location of Building.

All measurements were made with a scintilla-
tion detector, HASL Type TH-3-C. This
unit uses a sodium iodide crystal which has a
nonlinear energy response, Figure 2, and is not

roentgen equivalent. However, the readings
were all made within a short time interval,

climinating energy dependence on the changing

gamme ray spectra of the fission products.

DISCUSSION

The radiation readings, at 3.6 feet from the

surface, were plotted on a plan view of the

building, Figure 3. Readings were takenin the

open doorways and behind the adjacentwalls,

and indicate that there was little effective wall
absorption. The section through the building,

Figure 4, shows that the outside activity ap-
pears constant except in the vicinity of a rain
ditch where a sharp increase is noted. The
distribution of readings across the open porch

13
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appears to confirm the absence of shielding by
‘the walls.

Vertical profiles of radiation intensity vs.
height were taken both inside and outside the

building.

Tarte 1.~RADIATION—HEIGHT PROFILE
 

 

A (eet) Gtation1 Station? Atations Station 4
(tar/br) (arr) (mur/br) Gmrfir}

20, 0 0.6 1.0 Joo...
15,0 Lb 1.2 0. 05
12.0 2.7 22 a]
10. 5 5.90 4.0 25
10.0 2os 4.8

 

    
These profiles are plotted in Figure 5. The

outside profile agrees with tentative calculations
of the response from a large uniform source.
The inside profiles do not remain constant

though this might be expected, since the slant

distance to the active source area does not
change appreciably for the height range meas-
ured. The increase in intensity might be due
to contamination on the roof, however, it is

much more likely that a more complete field
of view was obtained into irregularities of the
outside surface.

CONCLUSIONS

An appreciable reduction in radiation in-

tensity was noted near the center of the build-

ing. An occupant might receive between Mo
and % of the radiation intensity that would be
experienced in openfield. Theeffect of ground
unevenness allows even greater reduction in the
intensity at points close to the floor. The
radiation intensity which would be encountered

in 2 basement would almost certainly be con-
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siderably less than indicated here. Thus, by

observing precautions, occupants of standard

houses may secure considerable protection from
fallout, without any modification of these
structures.

DISCUSSION

Robert T. Graveson

Mr. Houuanp (AEC): Doesn'tthe falling off

of the outward curve offer the explanation that.

as you get higher, you gel into irregularities?

Mr. Graveson. No. When we are over a

uniformly contaminated plane without a clean

area between us a high percentage of that dose

comes from a very close circle. Therefore even

at these heights we are looking into irregulari-
ties. As soon as the slant distance becomes

relatively large with respect to the height we

are looking edgewise at little irregularities of
the surface.

Mr, SHartno (NRDL). I would like to com-

mentthat both experimental data and theoret-

ical studies at. our laboratory indicate what the
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RADIATION PROTECTION WITHIN A

speaker said seems to be quite correct, in that

surface roughness affects readings in this way.

Wehave observed that sometimes the reading
will rise to as large a height as 30 feet before

beginning to fall if the surface is rough enough.
The shape of the curves he showed seem to be

in agreement with our experimental and theo-

retical work.
Mr. Gravuson. This is approached by a

thick slab calculation, such as you get over

water, where the material is distributed in

depth, and then any slant distances are highly

preferentially absorbed and the source seems

to be almost a monodirectional plane source.

Mr. Hottann (AEC). On the other hand,

youhave an increase of something of the order

of 4 or 5 mr per hourin the indoor curve. It

seems as though this would haveto be reflected.

This would be added onto the doses outdoors
as you went up and would give you a departure

from the theoretical curve, wouldn'tit?
Mr. Graveson. I am sorry I didn’t quite

follow what you meant by your question,
Would you rephrase it?
Mr. Houianp. I assume that the theoretical

, curve for the decrease of dose rate with height
does not include this effect of irregularities?
Mr. Graveson. It as such does not. It isa

true plane calculation. Therefore, the irregu-

larities could not he serious to give this type of
result. The small irregularitics could, and itis
possible did contribute.

STANDARD HOUSING STRUCTURE 17

Mr. Hownann. If they were of the magnitude
shown which is of the order of several—I don’t
remember the exact magnitude-—many r per

hour increase, it seems to me they would have

shown up on that curve, and particularly since

those readings were taken indoors the same

effect would probably be larger if existed out-

doors. In other words, I am trying to pointto

the other indication. There must have been
contamination on the roof.

Mr. Gravison. Onthe other hand,if we had

contamination on the roof, which would match
these readings, the contamination density

would have been 3 or § times higher than the

contamination density on the ground. I am
not in a very strong position here. J am just

saying I am presenting some measurements

whieh I think are verv interesting.

Dr. Werner. Are there any further com-

ments on this?

Mr. Recuen (Publie Health Service). I have

a feeling on this that what was missing was 4

theoretical curve for the indoor type of measure-

ment where you have an uncontaminated slab

under the measuring instrument.

Mr. Graveson. The theoretical curve we

derived was based on the simplest case, that of

a smooth plane. This neglected unevenness of

the surface. When the major radiation con-

tributionis from outsidea clean area, this is not

applicable. The Theory for thick slab source

is under examination.



 

THE APPLICATION OF AUTOMATIC WASHDOWNTO PITCHED

ROOFS

By A. J. Bangin

Health and Safety Laboratory, New York Operations Office, United States Atomic Energy Commission

The classical approach to estimating the

dosage which would accrue to the occupants of
a building in a falloutsituation is to compute the
additive contributions to dose from contamina-
tion on the surrounding plane and the building
roof. These dose contributions are functions
of the geometry and the attenuation properties

of the structure, One can conceive of many

combinations of these variables in which the
relative proportion of the dose originating from

the roof would vary over a wide range. How-

ever, in typical one-story residences and in-

dustrial buildings of moderate size, the vari-

ability of this proportion ranges from 20 to

60 percent. The relative roof contribution is
greater within a basement than atgrade.

Continuous removal of roof contamination
during a fallout event would result in an im-

portant reduction in dose to persons within a
building. This method of dose reduction by

itself would not necessarily render building
occupants safe from harmful radiation in severe

fallout but when applied in combination with

measures to reduce the radiation emitted from

the plane source, the overall protection could

be made quite effective. When measures ere

taken which reduce the plane source component
the roof component assumes a governing sig-
nificance. Thus applying such a measure in

conjunction with others can result in effective

overall protection.

It has been suggested that continuous roof
decontamination might be accomplished with

an automatic washdown system. Such wash-
down systems have been used successfully on
warships. Tests of their effectiveness against

simulated fallout and actual field experience

have demonstrated that efficiencies approach-

ing 99 percent are achieved. On the other
hand, consideration of the effectiveness of

washdown on roof surfaces has been primarily

one of conjecture. Not only are there un-

certainties regarding removal efficiencies but

legitimate questions may also be raised con-
cerning water supply, contaminant disposal,

effectiveness relative to olher countermeasures,

etc, One can conceive of circumstances in

practice where these questions could be re-

solved making washdown feasible, provided

that the washdown mechanism per se is effec-

tive.

Certainly a fundamental question is whether
or not a water film will transport masses of

particulate matter over a sloped surface. The
magnitude of contaminant deposition in an
event producing lethal dose rates may be milli-
grams to hundreds of grams per square foot.
Large particles have been found in fallout of
this intensity. Particle diameters covering a

range of 150 to 4(0 # with a meanof 260 u were

found on the Fukuryu Maru. Analyses of

particle distribution in fallout collected on the
outer Marshall Islands during Pacific tests

indicate size medians of about 80 to 100 micra.
It would seem, therefore, that in roof wash-
down the problem is one of mass transport
rather than actual compound formation or

simple adsorption which have been shown to be

important. contamination mechanisms in small
seale laboratory tests.

At the Health and Safety Laboratory a pilot

experiment was conducted to determine whether
19
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masses of insoluble particulates can he removed
from sloped surfaces by water films. The tests
were of an exploratory nature and only simu-
lated roofing surfaces were used; the basic
objective was simply to test the capability of a

water film in moving the contaminant.
A 4’ x 4’ panel was mounted on a tilting

easel and set at an angle of 14° 3”rise in 12’7).

1 x 1” ribs fixed to the panel in the direction
of slope divided the panel into 4 sections of
equal area, Test surfaces were mounted within

the 4 sections.
Two methods of applying wash water were

tested. The first was by means of a header, or
distribution pipe, mounted across the upper

end of the sloped panel and perforated so eas to

deliver a distributed water film to 2 of the 4
test sections. The second method of applica-
tion was by a garden spray nozzle fixed in

position above the panel and adjusted to spray
two adjacent test sections. Water delivery
rates were a function of the characteristics of
the delivery systems. They ranged from 0.3
to 1.0 gal/min/lineal foot. The total wash
water used per panel in each test run was

collected in a funnel placed under the lower
edge and emptying into a jar.
The contaminant was simulated by calcium

carbonate dust with a particle size range of
44 «to 150 yn. This material was dusted onto

the panel from a 4-foot long shaker held several
feet above the surface. During dusting, the
shaker was moved back and forth over the
panel in the direction of slope to effect uniform

deposition.
The tests were conducted in the following

manner. The wash water was turned on prior

to dusting. A measured charge of dust was
shaken onto the 4’ x 4’ panel as uniformly as
possible, both in surface distribution and time.

The rate of deposition was about 0.3 to 0.5
gm/min/ft? and the total deposition was very

close to 1 gm/ft? in each case. When the
shaker charge was exhausted, the water was
turned off. The collected wash water was
filtered and the solid content weighed. The
residual solids on the wetted test sections were

carefully removed in 1-foot increments and

weighed. The dust on the unwetted test
panels was similarly removed and weighed,

The latter measurements were used as material
balance checks against the measurements ob-

tained from the wetted pancls and to determina

uniformity of dust deposition,
*The results of the tests appear on the fol-

lowing table.

SUMMARY OF WASHDOWN TESTS
 

 

Water Avg.re-
Type of surfaces Typeof Rete gpm/ moval

washdown itofroof efficiency
width %

. Smooth aluminum... _| Header)... -.-- 152.6

N
r

. Smooth aluminum
treated with Aero-
sol O. T...._-...- Header... 1.0 180.4

3. Smooth aluminum
treated with Aero-
sol O. Th... 2... Spray... 3 197.8

4, Corroded aluminum__| Header-. -6 199. 6
5. Aluminum painted

with flat white
alkyd... .--- a. Header-_. -6 197.2

6. Simulated gravel Header... 1.9 48.6
surface... ...--.-+

7. Simulated gravel
surface.....-.---. Spray-._ 9 32. 6   
 

2 Average of two values,

The limitations of this series of tests are
obvious. However, the simple objective of
demonstrating the ability of water to transport
sizeable masses of particulates was realized.

The results are sufficiently encouraging to
justify further investigation.

Certain behavior characteristics exhibited by

the washdown system during the tests were
noted. On reasonably amooth surfaces, the
contaminant was effectively removed wherever
the water film was maintained. In test number

1, the film divided into individual rivulets

about half way down the slope. The paths of
the rivulets were relatively fixed and as a con-
sequence, portions of the test sections were

unwetted and uncleaned, As a result, rela-

THE APPLICATION OF AUTOMATIC WASHDOWN TO PITCHED ROOFS 21

lively poor efficiencies were obtained. The
pretreatment with the wetting agent in the

second test was an effort to promote more

uniform wetting and was partially successful

as indicated by the removal efficiency. How-
ever, the spray used in the third test success-

fully wetted the entire surface and the removal
efficiency was again correspondingly ir proved.

The corroded and painted surfaces were con-
ducive to a uniform water film; hence, good

efficiencies were realized with the header dis-
tribution system. The assumption was made

that the spray would perform at least as well

as the header on these surfaces and therefore
was not tested. From the standpoint of prac-

tical application, it is difficult to imagine that

even a smooth metal roof would be devoid of
surface irregularities and it would appear that,
&@ spray would be necessary to achieve the

required uniformity of water distribution.
As one might expect, removal from the coarse

irregularity of a gravel surface is }ess effective.
Since gravel surfaced roofs are normally flat
or only gently sloped, performance may be

expected to be poorer than indicated in these

tosts,

A second question concerning mass transport

is associated with a roof washdown system.
This involves the capability of a water flow to

move the contamination collected in a roof
gutter. This aspect was tested qualitatively.
Water was passed through a slightly inclined
4-inch diameter cylinder. CaCO, dust was
discharged into the water stream in the cylinder
from a vibrating feeder at an arbitrary rate of
about 80 gm/min. This was done at water

flow rates of 4 and 9 gal/min. As determined
visually, all of the dust was transported along
the cylinder and out from the end for as long
as the feed was continued.
Again the limitations of the test are obvious

and need not be enumerated. On the other
hand, it has been demonstrated that reason-

ably heavy amounts of insoluble particulates
can be flushed through a gutter. As in the
surface washdown tests, the results of this

experiment may be taken as justification for
further experimentation.
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SHORT LIVED FISSION PRODUCT GAMMA RADIATION

By W. Zopen and T. A. Love

Qak Ridge National Laboratory, Oak Ridge, Tennessee

Fission-product: gamma-rays are defined as

those gamma-rays emitted byfission-product.
nuclei, either primary or their daughters, at
times measurably later than the fission event.

Most of the available information sbout these
gamme-rays is the result of radiochemical
experiments which, by their nature, tend to

discriminate against short-lived activity. As

one is generally interested in the gross fission-

product gamma-ray spectrum one has had to

construct such a spectrum from the known

emitters since experimental evidence was avail-
able only for times in excess of 17 hours efter
the fission event..? One would expect this

synthetic spectrum to be in error at short times
after fission, up to perhaps an hour,due to lack
of information on nuclides of short half-life.
Experiments were therefore undertaken at

ORNIL to measure the gross fission-product

gamma-ray spectrum at short times, ik e.,
starting at about | second, after fission. This
paper will present preliminaryresults obtained

so far.
To investigate the energy spectrum and time

behavior of the gross fission-product gamma-
ray mixture we exposed small samples of hizhly
enriched uranium for short periods in the
ORNLGraphite Reactor and withdrew them
rapidly to @ position in front of the spectrom-
eter. Sample sizes varied from about 2 mg to

about 32 mg and exposure times varied from

about 0.7 second to about 64 seconds. The
experimental arrangement allowed us to meas-
ure either the time behavior of different energy
groups, or detailed energyspectra.

The experimental results ere summarized in

'D, H. Peirson, AERE-EL/R-155 (Nov.8, 1954).

4Germagnoli and Mongini, Energta Nucteare §, 32 (1858).

Figures 1, 2, and 3 for the two phases of the

experiments. It should be emphasized that

these results are preliminary only, based on

a rather crude analysis of the data which is

currently being refined.

The time behavior of 6 energy groups, cov~

ering the range from 0.28 Mev to 5.0 Mav,

is shown in Figure 1 for times after fission

between1.25 seconds and 1,600 seconds. These
curves were integrated to obtain the number

of photons/fission and the energy/fission car~

ried off by fission-product gamma-rays in the
time range and energy range mentioned above.
The results are shown in Table 1.

Taste 1
 

Photon energy range Numberof Average Energy/fis-
CMoy phe bons/fis- energy sion ‘Wiow)

sion "]

 

    

 

 

0.28-0.51.....---. 0. 747 0. 395 0, 295
0.51-1.12 1, 225 » 815 - 998
1.12-1.62. - 452 1.37 - 619
1,62-2,30. - 235 1. 96 - 461
2.3-3.5_ ~ . 198 2.9 - 875
3.6~5.0..-.-----.- - 067 4, 25 + 285

Total... ---- 2,924 |__...-.--- 3, 233   
 

Detailed energy spectra taken at 10 differ-
ent times after fission are presented in Figures
2 and 3. The peaks shown represent merely
an attempt by the authors to indicate some of
the fine structure. No errors have been com-
puted on the experimental points at this time,

so that this fine structure is still somewhat
uncertain. It should be noted, however, that

peaks tend to appear on successive curves, thus

lending some credence to their existence. The
26
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curves were again integraled to obtain the

photons/fission-see and energy/fission-sec, and

the results are shown in Table 2.

  

 

 

  

Tarte 2

‘pimeafter Sssion ‘ fete28"A Ateraedna
Mev) (Mev)

1.62% 107 1.89 x 1a-t 117

5. 50x 10°? 6.58 x 10-? Lig
3. 88x 10? 4,48 x 10? 1.15

1.31% 10-7 1,53 x 107? Ll?

7.43 x 10-3 8.97 x 10-3 1. 21

4.16% 107 4.90 x 10-3 1.18
1,48 x 10|) 1.68 x 10-% Lu
5.11 x 10-¢ 5.25 x 10-4 1.08

4.00 5 16°€) 3.76 5 10-4 94
2.34% 10-4 2.26 x 10-4 97

Crossplo(s of the data taken in one phase
of the experiment on those of the other phase
are shown in Figures 4 and 5. It is seen that

the agreementis quite good.
An additional experiment was performed in

cooperation with R. W. Peelle of this labora-
tory. In this case the equipment used inte-

grated the spectrum over a longer time than

was used in thefirst experiment. A representa-
tive spectrum, representing the integral between

about 0.7 second and about 3 hours after fission
is shown in Figure 6. While it is difficult, to

compare the results of the two experiments
since they cover a different time range, a not

unreasonable extrapolation of the curves from

the first experiment leads to approximately

the same number of photons/fission and en-

ergy/fission as was obtained in the second
experiment.

The authors wish to express their apprecia-
tion to Mrs. G. Estabrook for her aid in the
many calculations involved in the analysis of
the data.

DISCUSSION

W. Zobel and T. A. Love

Voice. FT wonder if you could describe a

little bit the type of radiation used to produce

the fission products described in the first talk,
the duration of this and the spectrum?

Dr. Zonpn. What did you have in mind?

You want the experimental arrangement?
Vorcr. Yes. J would like to find out how

these fission products were produced.
Dr, Zoseu, Small samples of 235 were sent

pneumatically into the graphite reactor and

again pneumatically blown out. The time was

set by an oscillator which was checked with,
if you will, a frequency calculator, so that the
(ime was reproduceable very well. The differ-

ent bombarding times used, and sample sizes,

the sample sizes varied from 2 milligrams to
32 milligrams the combination of bombarding
time and sample size was chosen so that we

could get the maximum number of counts in
the spectrometer —this is coincidence counts-—

without overloading (he central channel too

horribly.
Are you familiar with the 2 or 3 crystal

spectrometer?

Voice. Yes.
Dr. Zonet. Wehad in the central channel

countrates as high as 150,000 counts a second,

and we just refused to go above that. As you

know, that is bad enough in itself. We ran a
maximum. of about 120 samples in any given
run, This was all the samples we had. This

is primarily at the short times, say on the 1.7
seconds, 6.2 seconds and 10.7 seconds runs.

We go to somewhat less samples on some

runs, and the statistics got better. Unfortu-

nately when wefirst started this, the machine

ran off 1.7 secondsfirst, and this is one of the

first cases. Does that answer your question?

Voice. Yes.
Dr. Bore (Brookhaven). I would like to

ask one further question to follow up the last

one, What were the actual bombardment
times? How long did the fission occur for

the samples that were analyzed 2 seconds
later?

Dr. Zorev. The bombarding times were

again variable, varying between 1 second and
64 seconds. We tried to keep it so that the

bombarding time and the counting time were

less thanor equal to the time elapsed in between.
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In other words, for the 1.7 seconds run, the

equipment was set to bombard 1 second, wait

1 second, count 1 second.

Dr. Sir (University of California), Was

there any reason to believe that the fission

product distribution in your test might be
different from that encountered in weapons?

This would, or course, affect the gamma ray
distribution, as well.

Dr. Zonet. I am afraid I don’t know. Lf

the fissioning process is the same, I see no

reason why it should be different. That is for

the U-235 fission product. If there is an

appreciable amount of fast fission which

might lead to different levels, I do not know.
Dr. Bora. Perhaps I can add a small bit

to the last answer. Thefission product distri-

bution curves afterfissionin different materials
are noticeably different. Fisstoning in pluto-

nium as against uranium shifts the curve.

Fissioning with high energy neutrons as opposed

to low energy neutrons will raise the value of

the distribution curvefor these who are familiar

with such a curve. If some of the nuclides
which are emitting important gamma spectra
are on the portion of the curve shifted, there
might bea significant difference in the gamma

spectrum that results.
Dr. Sint. Is there any possibility of ven-

turing a guess as to the magnitude of this

effect? Isn’t it likely that the fission product

distribution from weapons is more that repre-

senting high energy neutron fission?

Dr. Bora. Yes. I] must admit I am not
much of an expert along these lines, I think

the answer is probably ves. J] have asked this

question myself of Dr. Spence at Los Alamos

when he showed me different nuclide distribu-
tion curves. He threw up his hands andsaid

itis hard to know. There are so many nuclides

that arc radiating that the chauces are good that

these spectra are similar for each case, and that

the fast spectrum of plutonium or natural
uraniumor U-235 is not very different from the

slow neutronfission spectrum.

Dr. Cronxirg. Are there any further ques-
tions?

Mr. Koca (Bureau of Standards). Howdid

vou evaluate your absolute numbers of fissions
and how accurate do you think your numbers
are?

Dr. Zosgev. That right now is the biggest
source of error that we can see, The number
of fissions is calculated and it is crudely caleu-

jJated, admittedly. We have taken the weight

of the sample, we have taken the cross section,
and we have measured the flux. It is calcu-
lated on that basis. We expect to make a

better analysis of the source and we expect

that this will then bring the error down a fair

amount. We hope that the final error will be

of the order of maybe 15 percent. I don’t
think we can reduce it below that.



  

  
 

 
 

 

BRIEF SUMMARY OF GAMMA RADIATION SPECTRA FROM

RESIDUAL RADIATION SOURCES

CLEAR DETONATION

FOLLOWING A NU-

By R. L. Marner

U.S. Naval Radiological Defense Laboratory, San Francisco, California

Introductory Note—Thefollowing brief sum-

mary is extracted froin research carried out by

members of the Navel Radiological Defense

Laboratory, including Dr. C. 8. Cook, Mr. F.

M. Tomnovec, Mr. W. E. Thompson, Lt. R. F.
Johnson, Mr. L. A. Webb, Mr. F. L. Bouquet

and the author. The research has been sup-
ported by the Bureau of Ships, Navy Depart-
ment, and in part by the Armed Forces Special

Weapons Project.

In the progress of a nuclear detonation both
fission product and induced activities are pro-
duced in ratios which may depend onthe details
of the weapon construction and of its environ-

ment. Following the detonation these activities

are dispersed and fractionated by physical and

chemical phenomena influenced by terrain and
meteorological conditions. These activities
come to rest and create a residual radiation

field which can be controlled by shielding. The
effectiveness of the shielding will depend on the

nature of this radiation field.
This Laboratory has been gathering empirical

data on the nature of the radiation fields follow-
ing various weapon detonations of the past
several years from which one can say what the

usually observed effects are and can say some-

thing about their customary variability.

The distribution of residual activities is

typically in two parts, one symmetrical about
ground zero and due to activities induced in the

soil by the bomb neutrons and to activities

deposited there by the fireball, the second elon-

gated and downwind due to fallout from the

bomb cloud.

The total gamma radiation intensity from

mixed fission products decays with time in a
fashion which is the sum of the exponential
decays of the various nuclides in the mixture.
The decay is usually empirically fitted by a

negative power function of the time after

detonation. The power is usually observed to
be one and a fraction with some vi riation from

shot to shot, from sample to sample of the

same shot, from time to time on the same

sample, and on the definition of the measure of

intensity.

A group of us has been applying gamma-ray
scintillation spectroscopy to samples of residual
activities from a dozen or so shots exploded in
the last three years [1, 2, 3, 4, 5, 7]. A sample

of someof our recent data is shown in Figure 1
which is a pulse height spectra of pulses from

a 4-inch diameter by 4 inches long Nal(Tl)

crystal detector but which, for purposes of this

summary, Maybe called a gamma ray photon

spectra. Beneath this spectrumare the spectra

of 5 nuclides or nuclide chains which are often
identifiable in these spectra. The first 3 are
induced activities and the last 2 are fission
products. There are, of course, many other

isotopes present most of which seem to con-

tribute unidentifiable lines in the region of 200
to 800 kev.

Thefirst two induced activities are prominent
in the soil around ground zero, The third can

be formed from bomb materials which are in-
35
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Figure 1—Nal scintillation detector pulse-height distri~

bution (approximately the gamma-ray photon spectrum)
from a typical fallout sample with the gamma-ray line
specira from & wuclide or nuclide chains often identifi-

able in such spectra.

timately mixed with the fission products and

deposited with the fallout from the bomb cloud.
These 5 isotopes tell most of the story in the

time span from 2 hours to 3 months following
the detonation. Each isotope becomes most
prominent (to the extent of 20-50 percent of

the gamma ray intensity) in the spectra about
1.5 half-lives after the time of detonation.
At 10-20 hours after the detonation, in those

locations where Na” is an important contribu-

tion, the very penetrating and biologicallyeffec-
tive 2.8 Mev quanta may be found in abun-

dance. Four days following the detonation the
105 kev quanta from Np* generally constitutes
a very large fraction of the quante emitted but
these quanta have relatively low penetration

and biological effectiveness. Twenty days

after, the quite penetrating and effective 1.6

Mev quanta from La'° are prominent. Two
months after, the 750 kev radiation from

ZrNb* dominates the spectra,
There appears to be real differences in the

spectral composition of fallout radiation that

are of the order of 2 to 1 for the contribution
of individual gamma ray lines. These differ-
ences have been observed to be (a) character-

istic of the weapon, (6) characteristic of the

THE SHORTER-TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD

region of the fallout area, and {c) a characier-

istic of the individual fallout particles. There

is insufficient information to make any con-

sistent explanation of these variations.
Following the emission of the quanta by the

radioactive nuclides the gamma. ray spectrum

is considerably altered by Compton seattering

from materials which support and surround the
residual radiation sources. The scattered radi-
ation is continuous in its energy distribution
but always less than the source energy. Usu-

ally the energy of the scattored quanta is less

than 250 kev regardless of the energy of the

source radiation.
Experimental measurements of radiation

spectra have been made for the simple case of
fallout on level land. The spectrumis a fune-~
tion of the direction of the radiation as shown
in Figure 2. This data wae taken 9 days
following the detonation (when the 105 kev

aFaeSooted

 

Fiaure 2.—Experimental 20~-800 kev gamma-ray photon

apectra observed in vartaus directions obove a flat field
covered with fallout acticities 9 days after the detonation.

Np* line was very prominent) and shows the
20 to 300 kev region of the spect ..

The pronounced peak in the intensity of 105

kev radiation traveling in the horizontal direc-

tion (90°) is due to viewing this uniformly dis-

tributed source planeat grazing incidence where

the effective radiation source strength per unit
solid angle reaches a very large value. The
mosteffective use of shielding in sucha radiation  
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field is to shield against radiation coming from
slightly below the horizon.

The scattered radiation is more uniformly

distributed in direction and for angles above
the horizonta) (<<90°} the radiationis all from

scattering. The 75 kev peak im the epectrum

of radiation scattered down by the air is due to

the degradation by multiple scattering of the
105 kev Np”line.
The two extreme radiation spectra revealed

by this information are (2) « field of 2.8 Mev

quanta aboveinducedsoil activities near ground
zero 10-20 hours after the detonation, and (8)
the 40-100 kevair scattered radiation entering
a freshly dug foxhole in a fallout area 2-10
days after the detonation.
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DISCUSSION

R. L. Mather

Mr. Graveson (New York Operations).
Do you know whether the sodium 24 was pri-

warily from your Teapot data, or have you
encountered this elsewhere?

Mr. LaRrrere. T don’t knowif it is Teapot.

I am sure it was Nevada,



 

 

   
 

THEORETICAL CALCULATIONS OF THE GAMMA RADIATION

SPECTRUM FROMINITIAL AND FALLOUT RADIATIONS

OF NUCLEAR WEAPONS

By D. C. Borq

Brookhaven National Laboratory

INTRODUCTORY REMARKS

In another paper to be presented by Dr. Bond
later at this conference emphasis will be given
to the dependence of whole-body radiation ef-
fects upon depth dose factors. Since penetra-
tion of ionizing radiations into targets depends

upon the energy of the incident photons as well

as upon the geometry of exposure, development
of spectral information concerning fallout gam-

ma radiations becomes highly pertinent to the
calculation of biological responses ta be ex-
pected from fallout gammafields.

However, questions may well be raised as to

the pertinence of discussing initial gammaradia-
tion spectra at a conference on fallout. In
answer to this several considerations may be

cited, to wit:

The same theoretical treatments apply to
both initial and fallout geometries, so support
for the former case by relatively good data
increases the validity of conclusions and in-
sights derived from the application of a com~-

panion approach to the latter geometry.

In actual fact the constancy and certainty
of the input data for the initial gamma radia-
tion case are far superior to those for the fallout
gamma case. Furthermore, actual field meas-

urements of garoma air dose correlated with
weapon parameters are vastly more accurate

and more numerous for initial bomb gamme
radiations than for fallout gammas.

In short, the theoretical treatment that can
give insight into aspects of fallout gammeradia-

tions can best be checked experimentally for
theinitial bomb gammaradiation case.

Moreover, a parallel situation exists with

respect to radiation damage criteria for man:
namely, that the data correlated with initial
bombradiations and their laboratory counter-
parts are far more numerous and better docu-
mented than are those for fallout radiations.
Thus, there is practical radiobiological signifi-

cance in understanding the mechanismsof ini-

tial bomb radiations: so that the radiobiclogical

dose-response criteria derived from them will be
properly adjusted for application to fallout
radiations or to other conditions.

This concept is generalized and developed
more corpletely in Dr. Bond’s companion
paper.

THEORETICAL METHOD

The general nature of the theoretica] method

applied to bomb gamme. radiations in this paper
may be summarized briefly.
Gemma ray propagation in an infinite me-

dium can be defined by 8 partial linear integro-
differential equation—thatis, a so-called “trans-
port equation,” [1, 2, 3]. This equation con-
siders all the major interaction processes be-
tween gamma, photons and the medium: namely,

photoelectric absorption, Compton interactions
with associated generation of secondary photons
with their altered angular distributions, and
positron-electron pair production, The eque-
tion that represents this can account for the
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distribution of photons according to both en-
ergy and direction as a function of position in
the transporting medium; and the equation can

be set-up for several source geomotries of in-

terest [2].

Extensive recent calculations have been made
with this equation using the method of moments
as developed by Spencer and Fano {1}, wherein
the flux function of the transport equation is

expandedinto 2 series of Legendre polynomials.
The first few of aseries of linked integral equa-

tions related to these polynomials have been
solved numerically on the NBS “SEAC”’ caleu-
Jator for gamma sources of various initial en-

ergies in various media, From these solutions,

in turn, differential spherical or so-called 4x
energy spectra and integral energy or dose

spectra at different distances from the source

have been obtained. Then by superposition of
solutions, spectra have been determined from
sources composed of more than one energy.

Details of this method, its solution, and its

application have been reviewed in unclassified
AFSWPdocument 502-A [2].

APPLICATION

The application of this gamma ray transport
equation and its solutions to bomb radiations

has been dealt with most satisfactorily for the
initial gamma radiation.

Herathe problem resolves itself into the deter-
mination of the proper source input data for the

transport equation when all that is known about
the bomb a priori is its presumptive yield plus
certain parameters relating to its nuclear fuel
composition and internal geometry.
The important gamma radiation sources from

bombsare the cloud of radioactive fission prod-

ucts and the radiative capture of bomb neutrons
in external materials, particularly nitrogen of
the surrounding air. These sources are often
referred to as the fission product gammas and

the nitrogen capture gammas, respectively.
The general theoretical treatment of gamma

photon propagation from an effective point
source in air takes the form shown in Figure 1.

This figure shows the differential energy

spectrum received from all directions 1,000
yards distant from a source of 2 million electron
volts, that is: 2 Mev, gamma photens in air.

Although the units along the ordinate may be

taken as arbitrary units of energy, the shape of
this spectrum shows that at 1,000 yards much
of the gamma energyhas already been degraded
to legs than the 2 Mev source energy.

These same conclusions can be expressed also
by an integral energy spectrum; or after con-

version to air dose by proper consideration of
the true coefficientof absorption of air as a func-
tion of photon energy, they may also be ex-

pressed by an integral dose spectrum, as seen in

Figure 2. In this case the ordinate represents

the fraction of total energy or dose delivered by

photons whose energyis less than a given value,

as indicated by the abscissa, For example:
1,000 yards awayfrom a 2 Mev gammasource,

one-half the air dosois delivered by photons of
energy less than 1 Mev.

Figure 3 presents the differential energy spec-
trum of the same 2 Mev source, nowseen from
3,000 yards away. Compared with the spec-
trumi at 1,000 yards (fig. 1), even further degra-
dation has oceurred——due mostly to Compton
scattering events. Thus the unattenuated 2
Mev source photons are relatively even less

prominent at 3,000 yards from the source.

By exiending solutions of this type to a num-

ber of different source energies at. several dis-
tances, interpolation curves can be drawn up,

plotting fraction of dose delivered by photons
of a given energy against source energy.

Figure 4 shows an example of interpolation
curves at 1,000 yards from a point isotropic
source, For example: For a gamma source
component of 6 Mev, 35 percent of the dose at
1,000 yardsis delivered by photons of 4 Mev or
less, 56 percent, by scattered photons of all
energies, and the remainder by unscattered 6

Mevphotons. Suchinterpolation curves enable
the preparation of crude dose spectra for arbi-
trary source energies,

In Figure 5 are similar interpolation curves
for 1,500 yards. One can see that for any given
source component the fraction of dose delivered

by scattered photons or by photons up to any
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FraurE 1.—~-Point isotropic source, differential energy spectrumat 1,000 yards, Ho-= 2 Mev.

given energy increases with increasing distance.

This is also suggested by the differential dose
spectra for a monocnergetic 2 Mev source seen

in Figures 1 and 3.
In Figure 6, finally, are interpolation curves

at 3,000 yards. At this distance even the

very most energetie gamma sources deliver

most of their dcs2 through scattered photons.

For example: even for a 10 Mev source com-

ponent, 66 percent of the dose derives from.

scattered photons, compared with a comparable

figure of 41 percent at 1,000 yards. In com-

mon technical jargon the dose build-up factor

is defined as the total dose delivered by all

photons derived fromsource photonsof a given
energy, divided by the dose delivered by un-
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¥(r,B) = Integral Roergy
D(r,E) « Integral Dose

So 2.0 2.6
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Fraunn 2.--Point isotropic source, integral energy and dose spectra at 1,000 yards, Eo 2 Men,

attenuated photons only. In other words,

then, the dose build-up factor can be deter-
minedtheoretically by this method. Thus the

build-up factor for a 10 Mev source 3,000 yards
awayin air would be one divided by one minus
0.66, or 2.27. :

By using such interpolation curves and com-
bining solutions for several energies, one can

determine spectra from polyenergetic gamma

sources, thus beginning to approach the case of

an actual bomb gammasource. As an example,

Figure 7 presents an integral dose spectrum

1,000 yards away from an arbitrary source
made up of 40 percent 1 Mev photons, 15 per-
cent 2 Mev, 6.7 percent 3 Mev, and 2.5 percent
4 Mev photons.
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INITIAL BOMGAMMA RADIATIONS

Tn order (0 calculate a solution for an actual

weapon source, however, the emission spectra

of tho previously mentioned fission product

gammaa and nitrogen capture gammas must be

known, and the absolute abundance of cach
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of these soureca must be weighted according
to the pertinent. weapon parameters in order

to determine air doses and spectra as a function

of distance. These considerations are treated

in detail in the classified literature and will not

be developed here. In substance, however,

appropriate fission productand nitrogen capture

ENERGY (Mev)

~~Point isotropic source, differential energy spectrum, at 3,000 yards, Ho=2 Mev.
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Frours 4,—Poiniisotropic source, interpolation curves, at 1,000 yards.

gamma spectra are normalized to known
weapons parameters, and then treated in the

manner previously developed.
In Figure 8 is arepresentativefission product

source spectrum used for these calculations.
At the times of gamma ray emission which are
of interest from the point of view of initial bomb
radiations, the fission product gamma source

spectrum can be characterized by an exponen-

tial expression as is seen here. (See also refer-

ence 4and Dr. Zobel’s paperat this conference).

It appears that the source spectrum correspond-
ing too ~+ "cin the figure is the best one to use:
that is, the middle curve. For application to
the transport equation solutions the continuous

fission product spectrum presented here can be
approximated by a discrete distribution, if
desired. Note that on the logarithmic chart
of the figure, the vast majority of fission prod-
uct photons leave the source with energies of
only afew Mevorless.

The decay scheme of excited N" is shown by
Figure 9. [5]. The column listing relative

numbers of photons defines the source strength
of the nitrogen capture gammas. Incontrast to

the continuousfission product spectrum,the ni-

trogen capture gammasource is seen to consist of

relatively few discrete types of photons, many

of which are exceedingly energetic, at around

10 Mev or more. It may be anticipated that

the so-called “‘hard’’ or energetic nature of this
nitrogen capture source will be reflected in the
gamma doso spectrum at various distances

from a nuclear device, and this will be further
indicated later.
Using the appropriate normalization factors,

initial gamma spectra can be calculated at
various distances from actual nuclear weapons.
As a representative example, a fairly typical

small yield weapon might generate gamma dose

spectra in air of the following nature:
Figure 10 showsthe differential dose spectrum  
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at 1,000 yards, as represented by a histogram

chart plotting fraction of total dose within the
energy range 4 HE against photon energy.

Note that the spectrum is a “hard” one with

prominent high energy contributions. Despite

some degradation through 1,000 yards of air,

many of the discrete source components of the

nitrogen capture radiations are still prominent.

t
n
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The spectrum of Figure L1 has been calculated
for 1,500 yards, a range of some biological

interest for weapons in this yield range. Two

salient features are apparent init:

1. This is a very “hard" or energetic
spectrum indeed. Although these data are

calculated for spherical or 44 geometry, the

tendency of very energetic photons to scatter

womele
pibsteury
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Bal Lye t0d

SOURCE ENERGY Ey (eed
Fraure 5.—Potnt isotropic source, interpolation curves, at 1,500 yards.
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Figure 6.-—Point isotropic source, interpolation curves, al 3,000 yards,
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Fiavat 7.—Sample polyenergetic point isotropic source, integral dose spectrum at 1,000 yards.

preferentially in a forward direction would
suggest that the spectrum incident on the
presenting surface of any real target—such
as a human torso—would be even “harder”
than that shown here. This spectrum is vastly
more energetic than conventional laboratory
sources or than fallout radiation; and insofar

as this greater hardness may affect depth
dose curves or relative biological effective-
ness, biological data derived from exposure

to initial bomb gamma radiation should be
suitably corrected before being applied to
fallout or other conditions. (See Dr. Bond’s

paper, this conference.)  
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Source Strength Normolized to 1 Mev.
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Fiaunn 8.—~Fission product gamma source spectra.
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Decay Scheme of wl?
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Figure 9.-Decay scheme of excited N*.
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Fraure 11.—Initial gamma differential dose spectrum at 1,500 yards,

 

Fravre 10,—Initial gamma differential dose spectrum at 1,000 yards,

 

 

 
2. The second point of interest is that the

spectrum at 1,500 yards is harder than the

spectrum at 1,000 yards: That is, its most

energetic components are relatively more

prominent. Previously it was shown that
with moenoenergetic gamma point sources,

spectra become “‘softer’’ or less energetic

with increasing distance, due to the genera-

tion of secondary scattered photons of lower

energy than the unattenuated source photons.

Consequently, one must. conclude that with

the polyencrgetic bomb source spectrum,
filtration of low energy components occurs
more rapidly with increasing distance in

this range than does degradation of the more
energetic source photons. This would give

rise to a net “hardening” of the spectrum

with increasing distance.

At 3,000 yards the “hardening” effect of

increasing distance is even more apparent, ag

is seen in Figure 12. In this spectrum thesingle
most prominent dose contribution is made by

the very most energetic constituent; namely,

the 10.8 Mev gammaphotons from the nitrogen

radioactive capture sources.
The filtering effect of distance on the very

energetic gamma spectra resulting from initial

bomb gammaradiation is emphasized in Figure

13. Here there are presented simultaneously the
integral dose spectra corresponding to the
differential dose spectra just reviewed. [tf is

seen thal with increasing distance there is a

decreasing fraction of total dose contributed by
photons less than-any one given energy. For
example: at 1,000 yards about 73 percent of the

total dose is delivered by photons of 5 Mev or

less, but at 3,000 yards such photons contribute

less than one-half of the total dose.
In summary, this theoretical calculation of

extremely hard initial gamma radiations is of
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Fler)

Fieure 12.—Initial gamma differential dose spectrum at $,000 yards.

great interest, but “. .. the proof of the
pudding is in the eating.’ It would be desirable

to have field measurements to support these
predictions. Unfortunately, very little experi-

mental work has been conducted to determine
the spectrum of initial gamma radiation,
except for some general and non-definitive
conclusions to be drawn from absorption and
depth-dose measurements. Although some
field data based on photon-activated reactions
of high energy threshold do attest to the
presence of at least some very energetic gamma
rays from nuclear detonations, it is difficult
to check definitively the conclusions derived
from the transport theory approach. However,
one can compare theeretical predictions of

total air dose with the well documented film
badge gamma dose-versus-distance data from
weapons field tests in order to determine in a
general wayif the calculated spectra yield dose
information that is consistent with the field

data. Then, by inference, the spectral informa-

tion leading to the total dose calculations
would also be validated,

COMPARISON OFINITIAL GAMMARADIA.
TION CALCULATIONS WITH FIELD TEST
DATA

Figure 14 presents the air doso-versus-

distance curve for the representative bomb
configuration discussed before. The compo-

nentsof total dose dueto fission product gammas
and to nitrogen capture gammas are indicated
separately, The composite dose is then de~
termined by adding these. For actual test
nuclear devices, with known bomb parameters,
specifie dose-versus-distance predictions can
be made by the methods that have been dis~

cussed. These can then be corrected by con-~
ventional techniques to the appropriate atmos-
pheric densities and compared with measured
field data.
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Figure 15 represents a typical small-yield
bomb. The theoretical data represented by
the “X” ’s conform amazingly well to the
measured doses, symbolized by the circles.

In the case represented by Figure 16 a very
lowyield device wasfired, and the bomb param-
eters were such that the relative contribution

1 O * 1000 yda

of nitrogen capture gammas was small. Still
the calculated points are acceptably close to
the measured data.
For contrast, Figure 17 pertains to a case

wherein nuclear parameters predicted an un-
usually significant nitrogen capture contribu-
tion and a total gamma dose per KTof yield

D = 2000 yda,

 
Elifev.)

Fieurs 13.— Initial gamma integral dose spectra.
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more than one and onehalf times that of the

previous device. Again, however, the theo-

retical prediction appears sound.

Figure 18 presents an instance wherein

unmodified theory and measurement do not

agree--especiallyat closer distances. However,

this shot represents a weaponofrelatively large

yield, and it is presented as a reminder that

with high yields~-such as more than about 100

KT—a ‘phenomenon comes significantly into
play that is relatively unimportant at lower
yields but which cannot presently be dealt
with analytically for inclusion in the unmodified

transport theory. The phenomenon referred

to is the radiation enhancementthat is due to

the modification of the previously homogencous

atmosphere by the weapon's blast wave. This
enhencement amplifies total dose above that

predicted by theory for the unmodified at-
mosphere; and since it affects fission product

gammas far more significantly than it affects
nitrogen capture gammas, it also alters the

spectral shape from that predicted by the
methods previously discussed.

In other words, for very large yield woapons

initial gamma doses are much greater than

predicted by the unmodified transport theory;
and furthermore, the dose spectrum is much
“softer’’ or less energetic due to the relatively
decreased contribution of the very “hard”
nitrogen capture gammas at this yield range.

Interestingly enough, however, an empirically
estimated enhancement factor to allow for this
hydrodynamic enhancement effect corrects the

calculated points shown in Figure 18 so that
then theydo fit thefield data.
The analytical method is further supported

by calculations made for the Hiroshima and

Nagasaki bombs. As can be seen in TableI,

the calculated points lie within a few percent

Taste 1-—COMPARISON OF INITIAL GAMMA RADIATIONS CALCULATIONS FOR THE ATOMIC
BOMB IN JAPAN
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of the doses predicted by the effects handbook
“Effects of Atomic Weapons” [6] on the basis
of compiled empirical measurements; and they
agree to within less than 10 to 20 percent error
with the essentially identical values quoted by
Oughterson and Warrenin their book, “Medical
Effects of the Atomic Bomb in Japan.” {7]

FALLOUT BOMB GAMMA RADIATIONS

Since thefield data on initial gammaradiation
seem generally to confirm the validity of the

transport theory approach, it is particularly
appropriate at this fallout conference to pursue

the application of the transport theory method
to fallout gamma dose and spectrum. The

geometryof fallout as represented by aneffec-
tively infinite plane source of radiation is

amenable to theoretical treatment. Data can
be presented in a fashion analogous to that
previouslyutilized for the effective point source
geometry.

For example, Figure 19 shows a differential

dose spectrum calculated for a height of 3
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Froure 19.--Plane isotropic source, differential energy spectrum, 3 feed above the plane, Ey==0.855 Mev.

feot above a plane contaminated with a source
emitting monoenergetic photons of 0.255 Mov.
Despite the proximity to the “ground,” much

of the radiation reaching the detector position
originates at considerable distances and is
significantly degraded by a long path through
air before reaching the detector. The abrupt
peak and discontinuity seen on this chart
represent the maximum energy loss achievable
in a single Compton interaction: namely, the
case where the secondary photon is emitted at
180° to the path of the primary photon.
There are in Figure 20 the integral dose and

energy spectra corresponding to the differential
dose spectrum of Figure 19. Similer spectra
are calculable for other source cnergies, of
course, and from these solutions interpolation
curves can be drawnup.

In order to calculate crudely dose spectra
from fallout once the source onergies are’
known, an interpolation curve such as that of

Figure 21 can be used. Yts use and interpre-

tation are the same as for the case of interpo-

lation curves for pointisotropic gamma sources,
as discussed earlier.
With a sample source spectrum similar to the

one applied before to the point source case, but

now modified to fit the plane source orfallout
case, the integral dose spectrum of Figure 22

was generated. For the ehergetic sample

source used, there is relatively little degraded
radiation received by the gamma detector.
The next step would logically appear to be

analogous to the procedure applied to the

initial gamma case: that is, normalization of
fallout source spectra to actual weapon or
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target paramoters. Unfortunately, however,
fallout gamma sources are not constant nor
even easily predictable.

For different weapons types the very nature

of the radioactive materials available for fallout
may vary. For example, some devices may

produce significantly large vields of induced

0.85

0.39

0.20

0.10 

activities in addition to fission products. So-
called “clean’* weapons will producerelatively
few fission products and may produce compara-

teely siguificant induced activities from soil—
and so on.
However, even for a given weapon type, soil

and nieterological conditions will vastly alter

F(t,B) » Integral Bueray

D(t,Z) « Integral pose

O18 o20 O25

ENERGY (Mev)

Fraurn 20,-—Plone isotropic source, integral energy and dose spectra, 3 feet above the plane, Ey=0.255 Mev,

448029 O-—58-——--5
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Fiaune 21,—Plane isotropic source, interpolation curves for elevation of $ feet above the plane.

not only the intensity of fallout at a given
location, but also the fractionation and parti-
tion of fission product source activities within
the fallout.
Moreover, even for a given set of weepon,

surface, and meterological conditions—in fact,

even after all fallout actually has been deposited
in @ given instance, the nature of the fission

product gamma source will change with time.
This will result from both the natural decay

scheme of fission products and from leaching
and weathering processes.

Despite these uncertainties in the prediction
of fallout gamma sources, some representative
picture of fallout gamma spectra may be drawn
by applying interpolation curves for plane
source geometries to fallout sample sources
analyzed in actual field experiences, This has
been done by Sondhaus[8] for a fallout sample

obtained following the “Bravo” event of

Operation CASTLE,as is seen in Figure 23.

Inthis figure the dashed bars represent the
original source spectrum analyzed from a4

fallout. sample on the fourth day after the
detonation. The histogram spectrum was then
constructed following the methods discussed
here, This dose spectrum is relatively “hard’’
or energetic compared with most laboratory
sources, but it is not nearly so energetic as the

dose spectra previously presented for the initial
gammaradiations.

Although this spectrumis generally compat-
ible with dose spectra actually surveyed in
comparable fallout fields, even further support

might be given to the analytical method if
attempts were made to correlate computer-

calculated predicted total gamma dose above
analyzed fallout fields with actual measured
data. This would be similar to the test em-
ployed in the initial gamma case, but to date
apparently it has not been attempted.

THEORETICAL

1.00
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Fioure 22.-Sample plane isotropic source, integral dose spectrum, 3 feet above the plane.
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Figure 23.-—-Disiribution of inherent energies of gamma radiation from an actual mixed fission product sample and

histogramof degraded energies calculated for 3 feet in air above a uniformly distributed fission products field,

COMPARISON OF INITIAL AND FALLOUT
GAMMA SPECTRA

In conclusion it may be said that the theo-

retical calculations of initial and fallout gamma
spectra and dose appear reasonably well sup-
ported by known data. In this regard it then
becomes of interest to review and compare
representative spectra calculated for initial and
fallout gamma radiations.

Figure 24 shows again the fallout spectrum of
Figure 23, this time in conjunction with an
initial gamma spectrum at 1,500 yards from a
typical relatively low yield weapon, which was
presented earlier in Figure 11. Noting the
different expansions of the energy scales along
the abscissnas for the two cases presented here,
it is apparent that although the fallout spec-
trum might be said to be a “hard” one, the
initial gemma spectrum is still vastly more
energetic,

CONCLUSIONS AND SUMMARY

1. A theoretical method for describing the
propagation of gamma rays in various media

has been developed, and numerical solutions
have been carried out to the point where total
dose and 4x-volume spectral calculations can
be made. Further computer calculations could
make available spectral information as a func-
tion of angular distribution, and this might be
desired for shielding studies.

a. The method has been normalized to
weapons parameters for the case of initial

bomb gammaradiation, and resultant dose-
versus-distance predictions’ generally fit in
well with observed field data.

6. Although application to the fallout case
is more empirical, the compatibility of the

calculations with what data are available
and the general validation of the underlying
theory and application in the initial gamma

THEORETICAL CALCULATIONS OF THE GAMMA RADIATION SPECTRUM, BIC.
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Fraure 24.—Comparison of differential gamma dose spectra for initial and fallout radiation (Figs. 11 and 2$).
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case suggest that, the method is valid for
consideration of fallout’ gamma radiations
also.
2. Application of transport theory to the

initial garmma radiations shows that the ma-
jority of the air dose delivered at distances of
a thousand-or-so yards and further is deposited
by very energetic photons, ranging up to the
10.8 Mev gamma rays emitted by the nitrogen
capture component of the bomb gammasource.

a. It farther appears that for these com-

posite energetic radiations the air acts more

as a filter than as a scattering medium, so

that the initial bomb gammaspectra “harden”
with increasing distance.

b. In the case of very large yield detona-
tions blast wave radiation enhancement
factors may vitiate the theoretical predic-
tions and produce larger total doses with
softer energy spectra.

ce. Nonetheless, the exceedingly hard spec-
tra present in most cases of initial bomb
gamma radiation from which biological ra-
diation damage criteria have been derived
must be taken into account before applying

these criteria directly to fallout or other
situations.

3. Calculation of fallout gamma spectra has
been less extensive. Generally fallout dose
spectra must be far less energetic than are ini-
tial gamma spectra.

a. Theoretical calculations of beth dose
and 4a-spectrumfrom fallout, based on either

measured or predicted gamma source data
as a function of time, and of weapon and of

environmental parameters should prove feas-

ible but apparently have not been attempted.
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GEOMETRICAL AND ENERGY FACTORS INFLUENCING THE

EFFECT OF PENETRATING RADIATIONS ON MAN‘

By V. P. Bonp

Brookhaven National Laboratory

INTRODUCTION

In considering the degree ofeffect to be ex-
pected in man exposed to penetrating radiations

from the atomic bomb,it is necessary to examine

the extent to which the geometry of the various
possible exposure situations and the energy or

spectrum of the beam may influence theresult.
These factors are known from laboratory ex-

perience to be of considerable importance, and
must be taken into account when efforts are
made to compare quantitatively the results
under different conditions of exposure.
In this paper, the patterns of dose deposition

through a man-sized phantom to be expected

theoretically are developed for a variety of
exposure conditions, and these are compared

with the experimentally determined depth dose

patterns. The degree to which biological effect
is influenced by the various patterns of dose
deposition are then considered. It is shown

that such considerations can result in a differ-
ence of a factor of 5 or more in the degree of
effect to be expected under various conditions
of exposure, for the same monitored air dose.

The laboratory situation will be considered
first for two reasons. The simpler situations

in the laboratory allow a basis for developing the
situations to be expected under the more com-

plex field conditions. In addition, the hazard

to man in the field of necessity must be eval-
uated in terms of laboratory experience with
large animals and man, In general, laboratory
biological data are far more reliable than

those obtained under trying field conditions.

' Research supported by U. 8. Atomic Energy Commission

In thefield situation, the immediate and fallout

gamma radiation from the atomic bomb will be

dealt with mainly. Fast neutrons will be con-

sidered briefly. Someof the present material

is presented in more detail elsewhere [1].

A rather obvious fact must be introduced
initially. Monitoring instruments measure the

free-in-air dose. However, there is no real

interest in the dose received by the ambient

air—the degree of biological effect is determined

by the radiation dose received by the tissue.

It is this dose, and its distribution in the body

that governs the degree of biological response.

This basic fact has, of course, been long recog-

nized by radiologists, and the recommendations

for many years in the reports of National and

International Committees on Radiation Units
in that dose be reported in terms of tissue dose ?

rather than the free-in-air dose (2, 3]. Thus

some of what I say has long been known by
radiologists; however, much of it has not been

brought to the attention of radiobiologists and

others concerned with hazard evaluation in

man. ,
The use of tissue dose hes gone far in re-

solving apparent quantitative differences in

biological response in radiology, and in radio-
biology concerned with small animals. Both,
in general, are concerned with radiation effects
in a relatively small, circumscribed volume of

* See refs. 2,4,and5. Tissue dose refers only to tho ionization measured

by the detector embedded In the material being irradiated and usually

does not indicate aceurately the absorbed dose, i. ¢., the energy per unit

mass deposited in the irradiated material, here tissue or unit density

material Over much of the range of radiation energies usually of in-

terest in large animal work, from 260 KVP to 1.6 Mev or higher, the

tissue dose will be equal to the absorbed dose in soft tissue, expressed as.

rads (100 ergs/gram), to within 10 percent or better, Much larger ¢tis-
erepancies ocour in bone.
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tissue. With “total hody"irradiation of large
animals and man, however, the problem can-
not be taken care of this simply and new com-
plications enter. Frequently, in practical

situations involving hazard evaluation (in the
field, and around reactors or other nuclear

machines), only the monitored air dose will be

known at the time. In addition, with large
animals and man, the dose throughout the body
frequently is markedly inhomogeneous. With

some types of “total body” exposure, portions

of the tissues receive but a very small percent

of that received by other tissues. Thus two

separate problems emerge, (a) for a given moni-

tored air dose, what is the tissue dose and its

distribution pattern through large animals
and man for different conditions of exposure
in the laboratory and in the field, and (6)

with large animals, to what degree docs the

extent of biological effect vary with different
patterns of dose distributionin tissue?
Terms used in this report conform to the

recommendations of national and international

committees [2, 3]. Dose and exposure are used

interchangeably. “Free air dose” or “air dose”
indicates the dose measured free in air in the
absence of animal, phantomor exposure equip-
ment. Unless otherwise specified, this refers
to the dose as it has been conventionally meas-
ured at a point in space corresponding to the
proximal skin surface (the side nearest the radia-
tion source) of the animal or phantom when it

ig later put in place for irradiation. This is
termed more explicitly the “entrance air dose”
and is expressed in roentgens. Air doses at

other points in space are easily approximated

under most circumstance by use of the inverse
squarelaw. Dose measured with the dosimeter
embedded at any position within the animal
or phantom in place for irradiation is termed
“tissue dose,” also expressed in roentgens.
Thus, ‘entrance tissue dose,” “midline tissue
dose,” “exit tissue dose.” Tissue doses are not

converted to absorbed dose [2], expressed in

“rads,” because of the uncertainty of the con-
version factor from tissue dose under some
conditions discussed, and because of the con-

siderable variation of the conversion factor

with different tissues [4, 5}.

A wordshould besaid initially regarding the

possible application of the large amount of

dosimetry data that has been published im con-

nection with ¢linical radiation therapy to the
problem. Most clinical radiotherapy exposures

differ fundamentally from the “total body”

exposures considered here in that the object of
the one is to obtain localized, circumscribed

partial bodyirradiationof a diseased area, while

the object of the other usually is to obtein an

equal degree of exposures to ali tissues of the

body. Theoneusually attempts to narrow the

beam bycollimation or by the use of ports; the
other requires a beam sufficiently broad to
expose the entire irradiated object. Thus, the

numerous depth-dose figures published for
radiotherapists usually cannot be carried di-
rectly to the “total body” exposure situation,
although the curves obtained with very large
area ports apply approximately in some situa-

tions. Since the depth-dose pattern with

“total body”irradiation is highly dependent on

the precise conditions of exposure, it is not

practical to compile complete tables of depth-
dose values for references. The patterns to be

presented here obviously apply strictly only to
the specific conditions employed.

EXPERIMENTAL

The exposure geometries considered, all

described more fully below, include unilateral,

bilateral, multiport, rotational, ring, and “4 Pi”
exposures in the laboratory, and exposure to

immediate and fallout gamma radiations in the
field. In what follows, each situation is in-

vestigated in terms of geometrical considera-
tions and the principles of interaction of electro-

magnetic radiations with matter. The ex-
pected curves are compared with experimen-

tally obtained depth-dose patterns. In the
experimental work, a cylindrical Masonite
(density of 1.1) Masonite phantom 26 cm.long
and 26 cm. in diameter, corresponding to a

32-inch waist, was exposed under each of the
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laboratory conditions Listed, and depith-dose

measurements were made. This phantom ob-

viously doos not represent exactly the essen-

tially oval configuration of manin cross section

in the region of the trunk, but was felt to be a
sufficiondy close approximation. A diagramof
the exposure conditions for a “point” source is

shown in Figure 1 for reference purposes. A

target to “skin” distance (TSD) of 100 cm. was

used for all exposures unless otherwise indicated.
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Figure 1.—-Schematic diagram showing method af ex-

posure of @ Masonite phantom to a “point” source of

X- or gamma radiation.

Studies showed that lengthening the evlindrical

phantom beyond the 26 cm. did notalter the

depth-dose curves detectably. The laboratory

radiation used for most of the exposures was

eobalt-60 gammarays. As will be seen, high
voltage (250 to 2,000 KVP) would have served
as well for most exposures; however, the use

of Co® allowed more direct comparison of the
geometryeffect. with some exposures not attain-

able with X-rays (ring, 4 Pi andfield exposures).

A description of the cobalt generator used for

bilateral cross fire, ring and 4 Pi exposures is

givenin references 1 and6.

Foressentially all laboratory dosimetry, the

same 100 r capacity Victorcen thimble chamber

and charger-reader were employed. Fora few

low dose rate exposures with the bilateral and
ring exposures, a 10 r capacity Vietoreen

thimble chamber, intercalibrated with the 100 r
chamber, was used. The chambers were em-

bedded in a thin, close-fitting plastic shell

which wes, in tur, inserted into closely ma-

chined holes drilled in the Masonite phantom.

Thus, the phantom was essentially solid during

exposure, The same observer took all labora-

tory measurements. The phantom mensure-

ments in the field were made with thin-walled

FACTORS - “EFFECT OF RADIATIONS ON MAN 67

Sievert-type ionization chambers embedded
throughoutthe thickness of the phantom. For

measurement of gammaradiation in the fallout

field, the chambers were enclosed in sufficient

copper to exclude beta radiation, The thimble
chamber measurements did not allow accurate

characterization of the depth-dose pattern at

the surface and just beneath the surface of the

Phantom. Since only relative measurements

were used in the phantom measurements,

absolute calibration of the chambers used was
not necessary. Curves were not corrected for
inverse square fall off. since it was desired to

present depth-dose patierns as actually ob-

served,

RESULTS

Unilateral exposure--The basie exposure

technique, unilateral irradiation, is shown
diagramatically in Figure 1. Radiation from

the Co™ “point” source traverses air and im-

pinges on the unit-density cylindrical phantom,

In Figure 2 are shown curves describing the
rate of fall off in dose through the phantom

along a diameter parallel to the central axis of

the beam. It is useful to attempt to derive
the expected curve, since very few experi-

mental depth dose curves for various energy

gamma rays are available. The exponential

curve “a” indicates the rate of fall off under

narrow-beam or “good” geometry conditions,

in which no seattered radiation reaches the

detectors placed in the phantom. This indi-

cates the rate of fall off of the primary beam

uncorrected for inverse square effect. Curve

“bh” indicates approximately the rate of fall off

in the phantom due to inverse square along

with a TSD of 100 em. The measured curve

c, ean be regarded as curve a, corrected for

scattered radiation and for inverse square (only

the primary beam closelyfollows inverse square

from target). The amount of scattered radi-

ation, or the “build up factor,” has been caleu-
lated using the theories of Spencer and Fano
(7, 8} for the infinite medium [9] and for the

barrier problem [10], but net for the geometry

considered here. The infinite medium build
up factors underestimate the rate of fall off
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(caleulated curve higher than measured curve

by factor of 1.3 at the midline and 1.6 at the
exit). The build up factors for a water barrier

describe the measured curve within 10 percent,
however this appears to be fortuitous andlittle
theoratical justification exists for applying
barrier build up factor to the present geometri-
cal situation. The true absorption coefficient

(o,, approximately 0.03) predicts the midline
dose within 5 percent but overestimates the

exit dose by a factor of 1.8. Thus the depth-
dose curves to be expected with gamma rays

cannot be predicted precisely from presently
available theoretical data; however a basis

does exist for approximating the curve to be

expected from a monochromatic beam (a beam
composed of several monoenergic components
can be handled by treating each component

separately and adding the results). The build

up factor varies markedly with energy and

depth, of penetration. Build up is rapid over

the first mean free path, which results in a low

energy beam appearing to be more penetrating
thanitis over the first few em. of unit density

materia], X-ray beams, with their broad and

continuous spectra, cannot be handled in this

fashion. The considerations developed above

areof particular importancelater in considering
bombradiatious.

In Figure 3, the measured curves for Co®

gamma and other radiations are shown for

comparison, In all cases the total dose is

delivered in a single exposure from one side of

the phantom? It is apparent from the figure

that marked nonuniformity of dose deposition

results even with highly energetic radiations,
 T T T T T T
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Figure 3.-~-Unilateral-exposure depth-dose curves in a

Masonite phantom for different energy radiations;

depth-dose expressed as percent of entrance air dose.

   
3 The term “unilateral”is applied for convenience to the exposureto the

initial gamma radiation from the atomic bomb, even though an appreci-

able componentof the total dose undoubtedly ts recelved from the lateral

anddistal aspects of the phantom,
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and that with this type of “total body” cx-

posure, the distal surface may receive only a
very small pereentage of the “dose” that the

phantomor animal, by convention, is said to

have received. The marked fall off in dose

results frem both absorption in the phantom

and from the inverse square effect.

Bilateral exposure—In an effort to overcome

the marked lack of uniformity of depth dose
obtained with unilateral exposure, a numberof

investigators have employed the “bilateral ex-

posure’ technique (sea the excellent work of

Tullis, ref. 11). This procedure is identical to

the unilateral exposure, except that one-half

of the “totel dose” is administered from one
side. Thus, if a total of “300 r” is to be given,

150 r as measured free in air at the proximal
skin surface is given from side A (fig. 1). The

remaining 150 r is then administered from side

B. The depth-dose pattern for each separate

exposure to cobalt-60 gamma rays and the
total obtained by combining the values ob-
tained with each separate exposure are shown
in Figure 4~A.

Tt can be seen from the curve that the tissue
dose throughout the phantom is remarkably

uniform when contrasted with that obtained
with unilateral exposure, and that a maximum
variation of only 10 percent is obtained in tra-
versing the phantom. Of equal importance,

however, is the fact that the tissue at no point
in the phantom exceeds 62 percent of the en-
trance air dose, the dose that the phantom, by
convention, is said ta have received. The reason

for this discrepancy lies mainly in the fact that
during each half-exposure, the distal side of the

phantom is receiving only a very small per-

centage of the dose received by the proximal
side, and on adding the half-exposures, the
total falls far short of the dose said to have
been given (see under “crossfire” exposure be-
low for additional reasons).

If the midlineair dose, instead of the entrance
air dose, is taken as the total exposure, the

resulting curve retains the shape noted above,
but becomes 70 percent (instead of 55 percent}
at the midline. Thusit is seen that use of the
midline rather than the entrance air dose tends

to equalize the tissue dose and the totalair dose,
but does not accomplish this fully.

Multilateral and Rotational exposure.—In

these techniques, instead of giving one-half

the dose from each of 2 sides, the dose is ad-

ministered one-fourth from each of 4 “sides,”

one-eighth from each of 8 “sides,” etc. The

limiting situation involves rotating the source
about the phantom at TSD of 100 cm., or
equivalent, rotating the phantom placed 100

em. in front of the stationary sources. It is

easily shown [1] that these procedures do not

differ materially in effect from bilateral ex-
posure, and the depth dose patterns obtained

(curve d, fig. 4—A) superimpose essentially on

the bilateral curve.
Crossfire technique-—With the crossfire tech-

nique, only a single exposure using two opposing
“point” sources energized simultaneously is
used, as opposed to the bilateral technique in
which two exposures,first one side and then the
other, are made with a single source. The

resulting dose pattern is shown as curve a,
Figure 4-B. It is apparent that the shape of
the curve is negligibly different from that ob-
tained with bilateral, multilateral or rotational

techniques, and that the tissue dose is still
considerably below the air exposure dose that
the phantom is said to have received.
The reason for the low tissue dose relative to

air dose may not be immediately apparent, since
with crossfire technique the air exposure dose
throughout the exposure volumeis essentially
constant. It is easily seen, however, if one

considers that as soon as the animal or phantom
is introduced, the entrance tissue dose at either

side (and throughout the phantom) immediately
drops considerably because of absorption in the
tissue or phantom. Thus, the entire curve is
well below the entrance air dose.

Thecrossfire curveis higher than the bilateral
curve because of what might be regarded as an
artifact of dosimetry resulting from the manner
in which atr dose is measured with the two
techniques. This can be seen as follows: with
the bilateral technique, the total air “dose”
given is the sum of two entrance air doses from
the two half-exposures. With the crossfire
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Froora 4.—Depth-close curves for cobalt-60 gamma radiation in Masonite phantom material for several exposure

geometries, depth-dose expressed as percent of entrance air dose.

technique, the total air “dose” given is the sum

of the entrance air dose from one machine and
the exit air dose from the opposite machine
(less by inverse square). Thus the air “dose”
with crossfire is less with bilateral and the tissue
dose, in terms of percent of air “dose,” is

correspondingly greater. It should be noted
that exposure with crossfire for one half the

total time for both half-exposures with bilateral
(two tubes on simultaneously with crossfire)

yields a tissue dose curve that superimposes on
the bilateral curve. However, since as noted,
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the air dose for (he same total time is Jess with
crossfire, (he exposure time with crossfire for

the same total air “close” is longer than one-half

the total time for bilateral, and the depth dose
curve is thus above that for bilateral.

Thus, the difference noted is seon to result

from the inverse square effect. However,it is
important to note that while the crossfire
technique has taken into account to a degree

the inverse square effect, it has not, of course, in

any sense eliminated the effect. It has aver-
aged the entrance and exit exposure doses, and

thus has raised the depth-dose curve, somewhat
as might result if inverse square were negligible.

Anidentical superimposed curve is obtained if,
with bilateral, the average of the entrance and
exit, doses is used as the ‘air dose,” instead of

the entrance air dose with each half-exposure.
If the midline air dogo is used with bilateral
exposure, the curve is essentially identical in

shape to the crossfire curve, but is placed a
short distance above it. Of importance later
in considering the curve for fallout radiation,
if the half-exposure curves for bilateral radialion
are corrected for inverse squarefall off before
addition, the resulting curve, while placed at

approximately the level of the crossfire curve,
is considerably flatter than the crossfire curve
(70.5 percent at the edges, 69.0 percent at the
midline).

Ring and “4 Pi” exposures.—-With ring geom-
etry, the phantom is at the centerof a concentric
ring of fixed sources [1]. With “4 Pi” geom-
etry, the phantom is placed in the geometric
center of a group of sources arranged in essen-
tially a spherical configuration [1]. The depth-

dose pattern for both exposures is shown as

curve b, Figure 4-B. They are essentially
identical and are negligibly different from those
obtained with the crossfire technique. These

types of exposure can be considered to bear a
similar relationship to crossfire exposure, as does
multilateral or rotational exposure to the bilat-
eral technique. Inverse square is taken into
account to a degrea, but is not corrected or
eliminated.
Bomb, fallout gamma radiation.—The geo-

metrical and other considerations noted above

are of importance in considering the curve to
be expected with fallout gamma radiation,
The fallout field in the simplest case can be
considered as a semi-infinite plane uniformly
contaminated with gamma emitters. The spec-
trum of course varies with time and place;

however, that given by Sondhaus [12] can he

taken as sufficiently representative for the
present purposes. It is seen to consist of a

group of monoenergic sources, that can be
considered to be composed of energies grouped
at approximately 100 to 200 kev (11 percent),
0.75 kev (67 percent) and 1.5 Mev (22 percent).
Seatter of radiation from partially-buried
isotopes in the overlying ground, and secondary

scatter from the ground will be neglected since
considering only the undegraded beam will
result in the largest possible dose to the phan-

tom. The radiation at any given point in air
above the plane will of course be coming from
all directions; however the primary source
can be considered as an infinite number of
concentric ring sources and ean be treated as

such. As noted above, the crossfire or ring
depth-dose curve’ can be constructed from
the unilateral curve, adding together two
half-exposures from each side. No corrections

for inverse square should be made in the

unilateral curve since, as shown above, the re-

sulting paltern on adding the half-curves is
thus placed in correct relation to the air dose.
Also, two separate calculations by Drs. Robert-
son and Brennan have indicated that the
bulk of the radiation comes from several
meters or more which tends to flatten the curve
but not alter its relation to the air dose. The
unilateral curves for the components of the
fallout gamma spectrum were approximated in
several ways as follows: since the bulk of
the fallout radiation is approximately 0.75
kev (67 percent) and 1.5 Mev (22 percent),

a curve closely approximating the unilateral
eurve for Co® gamma would be expected.
Uncorrected for inverse square, the curve

+ The phantom inthe fallautfleld is ubave the plano of the ring souross,

44 opposed to in the same plane In the laboratory situation. [¢ ean be

easily shown, however, that thts dees not appreciably affect the mean
path length of radiation in the phantom in reaching a given polnt, and.

thus absorption in the phantom is not significantly altered.
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would be approximately 70 percent at the
midline and 35 percent at the exit. This partic-
ularly, since the curves for Co” gamma (1.3
Mev) and a cesium-137 source (0.7 Mev) agree

within 3 percent at distances corresponding to
the midline of the phantom [13]. Infinite

_ Inedia build up factors corrected for the dis-
erepancy noted between theoretical and meas-
ured curves for Co” gamma yielded midline
and exit doses of 71 and 40 r, respectively.
The build up facters for a water barrier [10],

applied empirically, yielded corresponding per-

centages of 68 and 40 percent. Use of o, only
results in values of 70 and 50 percent. It is
reasonable to assume, then, that the unilateral
eurve for the fallout spectrum is approximately
70 percent at the midline, and 40 percent at

the exit. Construction of a curve from this
for the fallout field yields an expected depth
dose pattern in the field that is essentially flat,
with values of approximately 73 percent at
the surfaces and 70 percent at the midline.

A depth dose curve experimentally obtained
in # fallout field is shown as curve a, Figure
4-C. Doses were measured with Sievert-type
ionization chambers. The high surface doses
include beta radiation measured by the thin-
walled ionization chambers. The air dose was
determined by covering the ionization chambers
with sufficient copper (approximately 800 mg/
em?) to exclude beta radiation. As expected,
the gammatissue dose throughout the phantom
was essentially constant. The tissue gamma
dose was approximately equal to the air dose,
however, as opposed to the approximately 70

percent predicted from theory. The reason for
this discrepancy probably lies in the manner in
which the air dose was measured. The thick-
ness of copper, equivalent to the wall thickness
of some “gamma” monitoring instruments, un-
doubtedly excluded some gammaas well as beta
radiation.
Bomb, initial gamma radiation.—The curve

to be expected with the immediate bomb gamma
radiation was approximated in two ways. The

linear absorption coefficient for bomb immediate
gamma radiation observed at distance of bio-
logical interest: (quoted on page 97, ref. 14) can

be converted to the mass absorption coefficient,

by correcting for the small difference in electron

density and for inverse square (no detectable

fall off through the 26 cm phantom). Applica-

tion of the absorption coefficient thus derived

yields a decrease in tissue dose at the exit side
to approximately 50 percent of the entrance
tissue dose. A very similar result is obtained

if the mass absorption coefficient for several
Mev gammarays (about 0.03) is used with the

appropriate build up factor. The factors for

infinite media. apply closely here, since the large

air mass constitules an adequate scatter

medium.
A measured depth-dose curve in phantom

material exposed to the immediate gammaradi-
ation from the bombis shown as curve c, Figure
3. The phantom employed was a cylinder
measuring 25 cm. in diameter, and measure-
ments were taken approximately 3 feet above

the ground. The agreement with prediction is

good. It is apparent that while the rate of fall
off of dose in tissue is still appreciable in a
thickness of tissue approximating man, the exit

tissue dose of approximately 55 percent is well
above the value of approximately 20 percent
for cobalt-60 gammaradiation in the laboratory.
It is pointed out that with both initial and
fallout gamma ray exposures, the dose is essen-
tially uniform as one goes from one end of the
phantom to the other. This is in contrast to
all of the laboratory geometries described, and
is approached only with “4 Pi” exposure.
Bomb, fast neutron irradiation.—Since fast

neutrons are attenuated rapidly in traversing
hydrogenous material, the considerations set
forth for gammia radiations apply to fast neu-

trons from the atomic bomb as well. No
measured neutron depth dose curves for the

field situation are available; however, it ia pos-
sible to estimate how the curve might look. It

can be assumed that the source spectrum for

relatively small weaponsis not unlike thefission
spectrum measured in the laboratory. In trav-
ersing approximately 1,000 meters to air to
arrive at distances of biological interest, it is
doubtful that the spectrum would change ap-
preciably. Elastic multiple scattering in air
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would result in some departure from a mono-

directional beam; however, it is probable that

the beam would befar from isotropic, Thero-
fore, the curves caleulated by Snyder [15] for a

plane monodirectional source would apply ap-
proximately. It is seen that the rate of fall off
is quite rapid in hydrogenous material such as
water. For a fission spectrum with average

energy of about 0.8 Mev, and the very large
majority of neutrons below 3 Mev, the dose
could be expected to fall to the order of 10 to

15 percent of the surface dose at the midline,
and considerably less than this at the exit sur-

face. It is emphasized that this is only a rough

approximation, and morerefined calculations or

measured curves should be obtained.
From X-ray data, however, it can be said that

such shallow curves are relatively quite ineffec-
tive in producing acute illness or death in large
animals (consider the very large monitored
doses of beta rays required to produce acute
effects). The relative biological effectiveness
for fast neutrons, determined with essentially
uniform tissue dose distribution in mice, ap-
pears to be of the order of 2 [16}, i. ¢., neutrons

are twice as effective as X-rays for the same
tissue dose in small animals in which essentially
all tissues receive the same dose. Because of
the shallow depth dose pattern in large animals,
however, the neutrons maybe less effective for

acute endpoints than penetrating X- or gamma
radiation by a factor several times greater than
the RBE determined in mice. It also becomes
apparentthatit is not possible to add theeffects
of the relatively nonpenetrating bomb neutrons

and the very penetrating bomb immediate

gamma radiation in a one-to-one ratio.
Body shielding, “local” geometry.—Allied to

the depth-dose problems are those of partial
body shielding, and localized concentrations of

fallout material. Some degree of partial shield-
ing probably will be commoninthefalloutfield.
Shielding of a relatively small region of the
body, particularly if bone marrow is contained
in the shielded portion, will markedly reduce
the effect of given radiation dose. “Hot
spots’ probably will be common in a fallout
field because of drifting, buildings and local

terrain configurations. The depth dose pattern

may thus be essentially unilateral rather than
flat as observed in the semi-infinite plane. As

will be seen, the biological offects are reduced

with unilateral exposure. It is highly probable
that movement of the individual will result in
a highly complex and unpredictable depth-
dose pattern.

DISCUSSION

Comparison af depth-dose patterns.--In the

preceding results, the marked difference in

tissue dose, obtained with different exposure
geometries for the same air dose as conven-
tionally expressed, have been stressed. The
large discrepancies possible must be kept in

mind when only the air dose is quoted or is
available. It is seen that no laboratory radia-~

tions as they have been employed quantitatively

simulate the initiel or fallout gamma radiations
from the atomic bomb. Perhaps morestriking
than the differences, however, is the marked
similarity of the depth-dose patterns for most
of the exposure situations, and their essential
identity if the artifact of expressing dose in
terms of that received by the air rather than

the tissues could be abandoned. The geome-

tries fall into two basic categories—unilateral
exposure, and a second to include all of the

other types considered. With the exception of

unilateral exposure, all those considered yield
reasonably flat or uniform depth-dose patterns
{11. 17].

The relationship of the midline tissue dose
to the entrance air dose, for any exposure

geometry, will vary considerably with beam

energy, target-to-skin distance and animal

thickness. The shape of the depth-dose curves
(essentially fiat) for all geometries except

unilateral exposure is remarkably insensitive
to these factors for radiations and exposure

conditions commonly used for large animals
irradiation (200 to 2,000 KVP X-rays, cobalt-
60 gamma rays). As the beam energy becomes

low (practically at about 100 KVP, 30 kev
effective), or with animals of very large diam-

eter (as with burros), the midline tissue dose
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becomes very small compared to the entrance
air or ontrancetissue doses, and the depth-dose

curve is far from flat. This type of “energy

dependence” and the resultant biological effect.
has been studied [18, 19], and is diseussed below.

lt should be noted that while fallout gamma
radiation has been termed ‘soft,’ only a very

small percentage of the primary beamis below
100 to 200 kev under most. practical cireum-

stances [1], This is equivalent. in penetrating

power in tissue to # highly filtered X-ray ma-

chine of 250 or higher peak voltage, or KVP.

Thus the fallout gamma radiation must be

considered quite penetrating in terms of

biological effectiveness.

Correlation of depth-dose patterns with bioluyt-
cal effect.—-From the depth-dose considerations
outlined above, wide variations in the dose

required for a given biological effect, expressed
as air dose, would be expected with different

exposure conditions. A glance at Tables 1
and TJ, in which large animal mortality data
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from the literature are collected, shows this

to be true, The LDvalues for dogs and

swine are given in the tables in terms of en-

trance air dose, as well as in terms of the en-

trance, midline and exit tissue doses.

A better correlation between dose and effect

would be expected if tissue dose is used unless

(a) an energy dependence of biological effect

is present, (6) marked differences in the shape

of the depth-dose pattern exist, or (¢) strain

differences in the degree of biological effect.
exist.

“Energy dependence” of biological effect as

commonly used has inclided usually two

separate phenomena to varying degrees, i. e.,

(a) a “true” or intrinsic energy dependence

in which dose deposition through the irradiated
objects compared is well known and uniform,
and quantitative differences in effect for the

same dose reflect different properties of the
radiations, related to linear ion transfer (LET),

or specific ionization; and (6) an “apparent”

Taste I—LD» DOSES FOR DOGS EXPOSED UNDER DIFFERENT GEOMETRY CONDITIONS
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Filter (mm >] (mm.) TSD (em,)
Dose rate En- En Mid- Exit
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Tarve [IY -LDg DOSES FOR SWINE EXPOSED UNDER DIFFERENT GEOMETRYCONDITIONS
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energy dependence secondary to differences

in penetration. These effects are considered
below.
Low energy radiation can be considered first,

and beta radiation provides the absurd case

because it penetrates only a few mm. in

tissue. Thus “total body” beta radiation

in reality resulis in a type of partial body

radiation of one organ, (he skin. Energyis not

deposited at depths sufficient to produce the

“total body” irradiation syndrome of pene-

trating gamma radiation. Very low energy

X or gammaradiation, e. g., 50 KVP X-rays,

result in virtually the same picture as beta
radiation when applied to the entire body sur-

face, and the acule LDy here is of the order

of several thousand r or rep to the skin, as

opposed to a few hundred r for penetrating

reys. This would be expected with any
type of partial body radiation.
As the beam energy increases, the effects of

penetrating whole body radiation do appear,

and the energy level where this occurs varies

with body size and the geometry of exposure.
In mice, with essentially bilateral (uniform)

wradiation [18], the transition occurs at some-

where between 80 and 135 KVP; at shout

80 KVP the LD, expressed as tissue dose or
air dose, begins to rise rapidly. In the rabbit,

448029 0O—-bs——6

the change oceurs at a higher KVP, probably

near 150 KVP. With dogs, the LD,» for 100

KVP X-rays (midline tissue dose) is 1.4 times

that for 250 KVP, thus the transition occurs

somewhere between these energies. From

Table II, it is seen that above 250 KVP, the

LD, for dogs (bilateral X-irradiation, midline

tissue dose) is independent of energy. No such

data are available on larger animals the size

of man; however,it appears likely from depth-

dose curves that the transition would occur
at 250 KVP or somewhat higher.

The above “energy dependence”thusis seen

to bein reality a pseudo energy dependence—if
the radiation dose cannot be delivered te the
vital tissues, “energy dependence”of effect can-
not exist. This effect has nothing to do with
relative biological effectiveness (RBE) in the

strictuse of the term, although RBE frequently
is used loosely to include it. As stated above,

many of the radiations of concern in hazard
evaluation are sufficiently energetic such that
this factor is not large. The chief exceptions
are bomb neutrons and beta radiation. With
these radiations, however, the effect exceeds by

far in magnilude the effect resulting from
intrinsic RBE.
A possible “true” energy dependence of bio-

logical effect on energy over the ranges of in-
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terest has been discussed [1], and can be sum-

marized briefly. The available data are con-
flicting; however, it appears that such an energy
dependence mayexist in mice over the range of
250 to 2,000 KVP, and that 1,000 and 2,000

KVP X-rays may beless effective by a factor of
0.8 or 0.9 (in terms of tissue dose). There are
several pieces of evidence that Co” gamma may
be even less effective—perhaps 0.7. Part of
these differences may be dosimetric in origin;
however, they appear to be real as doses are
measured at present. With large animals, dogs
and swine, there appears to be no such de-
pendence of effect over the range of 250 to 2,000
KVP. Undegraded gamma radiation (Co)
appears to be less effective in the dog (Table I),
as with mice. It would appear that intrinsic
energy dependence over the range of energies of
interest is at. most of the order of 10 or 15 per-
cent, a factor much smaller than other sources
of uncertainty.

In considering the effect of distribution of dose
as it affects degree of response, the concern is
mainly in comparing one type of unilateral ex-
posure to another, and unilateral to bilateral
exposures. It is obvious by now that with iden-
tical depth-dose patterns, the same degree of

effect, within a few percent, will result from the

same dose. In comparing one typeof unilateral

irradiation to another, it is of course known that

the shallower the curve, the /ess the effect for a

given entrance or midline tissue dose. This can
be easily seen from the data of Potter [27] and

Ellinger [28], and that of Tullis in swine (Table
TI). Little difference is noted for dogs irra-
diated unilaterally with 250 and 2,000 KVP
X-rays (Table 1); however, the beams were

filtered such that the depth-dose patterns were
not greatly different [29]. It is thus clear that
differences do exist; however, the data are not

sufficiently good to allow quantitative treat-
ment,

As for a means of predicting effects with a
given unilateral pattern, some data obtained
with small animals indicate that the erit tissue
dose may be a normalizing quantity [27, 28].
The data in large animals are insufficient to
evaluate this point. Integral dose or gram

roentgens has been proposed as a normalizing

quantity. Grahn and Sacher [18] have shown

that with different types of “total body” irra-

diation, integral dose is of no value in this re-

gard and the concept does not apply in pre-

dicting mortality with partial-bodyirradiation

(30]. Evenif integral dose were the normalizing

factor, the computations involved are so com-

plex and lengthly that this parameter would
have no practical usefulness in hazard evalua-
tion.

Some additional points will be mentioned in
regard to the large animal data in Tables I
and II. Looking first at the btlateral data for
dogs and swine, it is seen that the air dose
LDw’s vary considerably among investigators,
but that the LDy’s in terms of midline tissue
dose are remarkably constant for X-rays with
8 variety of energies and experimental condi-
tions. The discrepancy between air dose and
midline dose is muchlarger for swine than for
dogs, which would be expected from the larger
swine. This indicates that such data, to be

quantitative for man, must be obtained on
man-sized animals. Data from dogs or
monkeys do not apply directly. It is apparent
that the usually quoted LD» values for large
animals, in terms of air dose, are much too
high, and that there is no true energy de-
pendence of effect over the range of 250 to
2,000 KVP. The LD,»for dogs and swine are
approximately equal and considerably below
the LDfor mice or rats. No biological data
are available for large animals exposed to fall-
out gammaradiations; however, the LD» in
terms of midline tissue dose would be expected
to equal those in the tables to a few percent.

With regard to the Co” gamma data in
Tables I and II, the bigher LDy values may

reflect in part the apparent intrinsic energy
dependence that has been noted for mice.
With the swine exposed to Co® in the multi-
source field at Oak Ridge, however, additional

factors enter. It can be easily shown that

approximately 65 percent of the radiation
received at any point in air at the “center” of
any unit of 3 of the total of 19 sources comes
from a distance of approximately 1.5 meters.
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Thus inverse square fall off is appreciable,
unlike the fallout field. Also with large
animals placed in a standing position among
the sources, a large percentage of the radiation

traverses the long axis of the animal, rather

than a transverse (shorter) diameter as with

animals exposed to bilateral X-irradiation or
with man upright in the fallout field. Thus
the midline dose would be expected to be
relatively quite low compared to the air dose.
With the cooperation of Col. Trum, additional

depth-dose curves were obtained in the Co®
field, which indicate that the midline dese in a
swine phantom is less than half of the entrance

dose. The LD» value (Table ID) is corre-

spondingly low in terms of midline tissue dose.
From Tables I and IT, it can be seen that in

the laboratory, more radiation dose (entrance

air or tissue dose) is required to produce a given

effect with unilateral than with bilateral expo-
sure. With “unilateral” exposure to the im-
mediate bomb gamma radiation in the field,
however, the LD values are lower than for

unilateral irradiation in the laboratory, and

approximately.equal to bilateral irradiation in
the laboratory. This could indicate uncer-
tainties in the field data—the LDy values were
obtained in a single determination with 10
animals per point, and the swine used were

smaller than those used in the laboratory. It
could also mean that the relatively flat curve
for bomb immediate gamma resembles in effect

bilateral, more than unilateral irradiation.

The considerations outlined must be taken
into account in hazard evaluation. The prob-

lem is analogous to the RBE problem, which
gave rise to the dose unit “rem” to more closely
estimate hazard than is possible with the
roentgen or rad. The dose in rem is equal to
the dose in r multiplied by an experimentally
determined RBE factor. It would appear that
another factor should be introduced, a geometry
or g factor, which must be experimentally
determined for each situation as is the RBE
factor. It is seen from the present paper, that
under many circumstances the g factor may

greatly exceed in magnitude the RBE factor.
The problem of accurate hazard evaluation

in large animals and man is seen to be particu-
larly complex. It is not possible to use a single

quantity such as “r” or “rem” alone to predict,

hazard under a variety of circumstances—

additional factors to describe the situation con-
sidered must be introduced. No one would
ask for the “hazard” from a given dose of any
common toxic agent such as arsenic without

describing the situation farther-—-howthe drug
is to be given, the chemical form, part of the
bodyreceiving it, time over which it was ad-

ministered, size of individual, ole. Yet it is

frequently expected that a “dose” of radiation
in “ry”? or “rem’’ will describe the hazard under
all situations. And the difficulties cannot be
circumvented by changing a name—introduc-

ing, as has been suggested, some arbitrary type

of “hazard” unit that supposeldy will indicate
what effect can be expected in man. No one

unit can ever describe the hazard; other

quantities are necessary. Substitution of a

“hazard” unit represents a regression to the

“skin erythema dose” days, that nullifies the
very great advance made with the introduction

of the roentgen unit. The roentgen (or rep or

rad) is as good as any presently available single

quantity to allow a very general estimate of
hazard. Hf greater accuracy of prediction is

desired, then the situation must be recognized

and treated as a complex one. This is done in

other disciplines, and personnel are trained to

handle the problem. Quantities in addition
to the instrumentreading in r or rads (where

dose is measured, type of exposure, type of

radiation (RBE), type of biological response of

interest, dose rate, body region exposed, etc.)

must be taken into account. These factors
could be incorporated into one, or a series of

nomograms; however they cannot be incor-

porated into a single “hazard” unit or into a

single instrument reading. Perhaps most dan-

gerous in attempts to devise a hazard unit is

that it will involve combinations of several
factors in unknown proportions. Thus one
trained and conversant will not he able to sort
out the important quantities that would allow
accurate evaluation of the hazard.
LD for man.—The consideration of the
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DISCUSSION ON TOPIC II

Gamma Energy Spectra and Geometry Factor

Dr. Cronxire. Thank you, Dr. Bond. Be-
fore throwing this open for general discussion
and comment, it was called to my attention
earlier by one of the members here that Dr.
LaRiviere in his presentation of Dr. Mather’s
paper stated that 105 gamma radiation from
heptunium was not important. I don’t think
you meant that, because work done in your own
laboratory showed it was quite important,

Dr. LaRivrere. 1 am afraid he did say that
in his paper.

Dr. Cronzrrs. Possibly you would take
back to him that there is a little difference of
opinion, predominantly from work done in the
Division of Biology and Medicine at NRDL.

Thefollowing comments were later supplied
by Dr. R. L. Mather:

Unfortunately I could notbe present at the
meeting, and during the discussion exception
was taken to my statement that the 105 kev
quanta from Np** have relatively low pene-
tration and biological effectiveness. The
statementis true to the extent that the usual
gamme radiation from radioactive sources is
of higher energy than 105 kev and will pene-
trate farther into a given material, partic-
ularly those materials with a high atomic
number which are usually employed for
shielding purposes. The biological effective-
hess per quantum of radiation is proportional
to the average amount of ionization which it
produces in a small volumeof air (roentgens)
which when computed turns out to be closely
proportional to the energy of the quantum for
energies above 100 kev. In relation to the
human body, however, a 105 kev quanta has
a 10 percent chance of passing through the

body,front to back, without experiencing any
interaction (rather good penetration).

Because of the very large proportion of 108
kev quanta in the typical fallout radiation 4
days post detonation this radiation may
accountfor 20 to 50 percentof the gamma ray
intensity (either energy flux or roentgen or
biological effectiveness) as stated. Neither
the hazard of this 105 kev radiation nor the
fact that it can be controlled by relatively
thin layers of dense materials should ba
ignored.

Dr. Cronkite. Dr. Borg, in your presente-
tion you were obviously discussing things that
were exclusively in a free air situation, without

buildings and so on around. I believe the in-

tent of this svmposium was to eventually get

downto somepractical situations of what might
happen to man. I wouldlike not to get into a

dissertation on this, but for you to make some
comment on the general situation that existed
in Japan where there were large concrete build-

ings next to people. How does this influence
the dose that might be expected from prompt.
radiation?

Dr. Bore. The answeris that I don’t. know
exactly, but the problem has been brought up

before and Jooked into in this regard. The

calculations which I discussed were mado
assuming the detector to be well up in the air,
without even a ground interface nearby to

interfere. Most of the measurements with
which they were checked, however, were made

close to the ground surface. There have been
attempts made to reason throughtheeffectthe
ground might have on a measurement made
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nearby it in air: whether the ground acts more
like a sink or a reflector for radiations.

To follow your suggestion, I won't make a
dissertation of it. The auswer is that the
surface appears to act as either one under

different circumstances, and apparently when

the incidence is close to grazing, as it is a large
distance froma not-too-high burst. of a nuclear

weapon, the model holds pretty well. Build-
ings, on the other hand, if they were close by,

. would probably decrease the dose over what
had been calculated for free air. As we saw
on the interpolation curves, even from the

hardest components of the radiation a great
deal of the dose that is delivered at a large
distance from the bomb comes from scattered
radiations, and they in turn to some extent,

especially the lower energy ones, do not come
from straight ahead but from the side; and
occasionally the lowest energy photons even
are back. scattered toward the bomb again. So
some large dense volume, such as a concrete
building, that occupied a large part of the

volumeof this scattering source would probably
decrease the dose to some extent over that
predicted for free air.

Dr. Crowxits. Are there any questions from

the floor?
Dr. Terust (NRDL). I would like to make a

comment concerning this energy dependence.

The comment I want to make is concerning the

biological effectiveness of energies below the
250 KVP that was presented here. J am under
the impression that for very low energies you do

have a difference in biological effect, which is
muchless than these higher energies. If this is
the case, what I would like to know is what

would be the effects of shelters; for instance,

individuals will be in shelters. Air doses will be
measured inside. Therefore, the LD-50 may
be very muchdifferent because of degradation
of energy in going through shelters. I was just
wondering whether or not you want to make

some more commentson that.

Dr. Bonn. Before I could answer that,

I would have to ask you to give me the energy

spectrum of the material after it went through

theshelter.
Dr, Teresr. I don’t know, [ think this is

something that people have neglected.

Dr. Bonn. I think that is a very good point.

] know of no experimental data on it at all.

Tf the energy is sufficiently low, the radiation

will be less effective for the sameair dose.
Dr. Bore. There is one point in Dr. Bond's

presentation which strikes me as being very

noteworthy, indeed, and this is his comment

about neutrons and their presumptive depth

dose curve, and the resultant biological effect.

Thus near the lethal dose range, bomb neutrons
can almost be thrown away. Such a conelu-

sion would be a surprise to some people. On

the other hand, there are some bomb effects,

perhaps at very high doses of neutrons and
gamma reys where there is primary damage

to the cortex of the central nervous system

fairly close to the body surface. In these
instances neutrons as well as gamma rays
might be effective. Butfor cases where trans-
mission of neutron effects through the whole

body is required, it looks like the self-shielding
factor that is implied by this depth dose curve
must markedly reduce the whole-bodyradiation
effects due to the neutrons. There are few
bombs where the neutron rep divided by this
factor will become very important. —

Dr. Bonn. I hasten to add, however, that

again the curves I showed were calculated

curves, and J have every reason to believe and
physicists have assured me that these would be
the worst case in the field. Again, we have no
measured neutron depth dose curvesin thefield.

Dr. Cronxirr. There is another problem of
practical importance not directly commented
on, Dr. Bond, and that is what proportion, in a

fallout field, of a dose is coming from close in

and what proportion from far out? How big

an area does one haveto clear if you are at the
center to effectively reduce the dose by a factor

of 10 or 2 or whatever you wish?

Dr. Bonn. I have seen several estimates of
this, and Dr. Robertson in our laboratory

carried out a calculation along these lines. The
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answer one gets depends to a large extent upon

the assumptions made in the calculation. It

appears definitely that at least half of the

radiation comes from 10 meters away or more.

I have seen other cstimates that most of the

radiation comes from the order of 100 meters

or more.
Dr. Bora. The method I talked about could

answer this question. The machine calcule-~
tions, if carried further would be susceptible to

analysis in this regard. Youcould tell not only

what the 4x spectrum wasat agiven point, but
from whatsolid angle the radiation was coming.

If there is a general interest in this, someof the
people who generated the original material

might be able to carry the problem further.
A comparable solution can be made for the

initial gamma case: that is, a spectrum can be
generated as a function of angular distribution,
and for penetration through shielding this

information might also be valuable. 1 don’t
think it has ever been done, but it certainly
could be done.

Dr. Bonn. This information is of great prac-
tical value in regard to the question that was

asked, how muchof an area must be cleared.

I will say again that in termsof the depth dose
pattern obtained in the individual as we saw

under these conditions we apply the curves

corrected for inverse square. So as far as the

depth dose patterns are concerned, it does not

matter from what distances the radiation

effectively originates.
Dr. Cronkite. Are there any further ques-

tions or comments on any of the papers of this

afternoon? I notice that everybody so far has
rather artfully dodged what I still think is a
rather essential part of this symposium, to

somehow or other come along with an estimate
or guestimate of really how effective is radiation
in man. I would choose not to answer this

myself, but I see Col. Maxwell, who has had a

lot to do with fallout. After all, how can one

assess the hazardif you are not willing to com-
ment somewhat on the effectiveness in man?
I think it is self-evident that any reanalysis of

the Japanese datahas (o take ina lot of practical
considerations about wherethe individuals were,

how far they were away from the bomb, how

close they were to large conerete buildings, and

so on. It may he a completely impossible

question to answer, but 1 am sure that someone

here is not so shy, other than Dr. Borg, that

they are not willing to comment on the subject.

Dr. Bora. Utilizing data concerning weapon
type, yield, burst. height, and atmospheric

density, I caleulated gamma-distance curves

for the Nagaseki bomb. Casualties have been

. reported in some detail for the Fuchi school in
Nagasaki (Oughtsozon, A. W., and Warren, S.,

“Medical Effects of the Atomic Bomb in
Japan,’ New York, McGraw-Hill, 1956, p. 68).

There were some woodensheds in that building

where apparently, as Dr. Bond and I looked it

over the other day, approximately 50 percentof

the inhabitants of the wooden buildings~-about

30 in number--died of radiation disease, and
were presumably exposed fully to bomb nuclear

radiations only. At this distance the free air

calculation that I made was 600 roentgens.
This is a weapon, whether we choose in general
to discount neutrons or not, which did not have
a large neutron contribution, If the remaining

concrete structure of the school nearby served

to decrease that dose even further, and if the

tiles androofing, evenif they didn’t accountfor
a great deal of shielding, had anyeffect, T

would say about 100 or 150 roentgensless than

600 roentgens would be the I.D-50 for man for

inilial gammaradiation. ‘The mortalityfigures

are not agoodstatistical series, I will admit.
Dr. Cronxirz. I cannot refrain from com-

menting somewhat further that I see people

here sitting who are responsible for writing
handbooks and who put these numbers in them.
I would not want to go so far as to call them
by name, but. possibly they would like to com-
ment.
Mr. Linpwarm (Chemical Warfare Labora-

tories). Obviously the sort of question that

Dr. Cronkite is pushing for is one, is there

such a thing that can be drawn up at the pres-
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ent time, a so-called table of effects other than  LD-50's. This kindof information commanders
, LD-50's. Tm other words, gamma dose versus in the field would like to know from casualty

biological effects for considerations other than assessment. points of view.
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REPAIR ASSOCIATED WITH THE EROSIVE EFFECTS OF

FALLOUT DAMAGEIN INDIVIDUALS AND POPULATION

GROUPS

By Paci 8. Hansaaw

7. §. Atomic Energy Commission, Washington, D.C.

This symposiumis devoted to damage caused

in living systems by radiation from fallout.
Yesterday, attention was given to the physical

aspects of problems involved. Today, we are
turning to the biologieal aspects~ particularly
repatr. Because fallout is pervasive and offec-
tive through time, its action is more subtle.

This action is clarified, however, by considering
certain features of both acute and protracted

irradiation exposures.
The ideas I have to present deal with the

problems of recovery associated with three
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types of erosive effects caused by radiation: (1)

Those that occur following irradiation sick-
ness; (2) those connected in a way with life

shortening; and (3) those involved with reduced
fitness in population groups. The comments I
shall make will be more in terms of interpreta-

tion than in mathematical treatments such as
have been used frequently during the past

several months.
Figure 1 gives orientation with respect to

phases of the injury response in human beings
following acute irradiation exposure —phases
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which probably would be typical for most or
all mammelian forms. The figure gives orien-
tation also with respect to the integrated effects
of key reactions, such as the blood dyscrasias,
epithelial sloughing in the gastrointestinal

tract, hemorrhage, bloodclotting failure, epila-
tion, sterility, cataract, etc. It is of practical,
and also some scientific, significance to deal
with the net effects of radiation in individuals
and in population groups, as a meansof gaining
impressions of what individuals and groupings

of people can do followingirradiation.
Implications of Figure 1 are: (1) That the

necrosis in growing tissues (bone marrow,

lymph nodes, spleen, gastrointestinal epithe-
lium, germinal epithelium of the testis, and
skin) is precipitous following near lethal irradi-
ation exposures; (2) that if the necrosis is
excessive, death will result; (3) thatif it is not

too extreme, repair by means of mitosis and
tissue replenishment will take place, reaching

the normal range in a matter of weeks or
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months; and (4) that the acute reaction of

degeneration and repair (Phase I) is followed
bya long period of apparent normality (Phase

11) and, in turn, by a terminal period (Phase

TII)--which, aside from infections and acci-

dents, involves degencrative diseascs and neo-

plasia mainly, Inherent, but not made evident

bythe figure, is the fact that the Intermediate
Phaseis foreshortened by exposure to radiation,

and that the Terminal Phase involves the same
kinds of features as are present irrespective of
radiation.

Dealing with short duration exposures (min-

utes, seconds, or less), Figure 2 pictures per-

formance ability during the Acute Phase—

the phaseof tissue necrosis and replenishment
(especially in the gastrointestinal tract and
hemopoietic organs). The scale for performance
ability—work capacity as it is labeled—is some-
what arbitrary, but, as will be seen, is never-

theless useful. It was developed in the follow-
ing manner. Deacriptive terms or expressions
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Fiaurx 2,—Work capactty—Acute exposure.
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were chosen to represent different levels of
work capacityorillness as follows:

a. Reserve energy-—ability to do a 10-mile

march.
&. Normal work—-ability to perform a regular

day’s work.

ec. Lassitude and easyfatigue.

d. Milnes (sickness, discomfort, anxiety) but

capable ofself care.

e. Illness, but with need of nursing care.
f. Death.

These terms or expressions were then ar-
ranged on a scale in order from 6 downward,

respectively, as shown in the figure, and, on

the basis of clinical, hematological and histo-

pathological information, choices were made
as to the level at which the majority of people
exposed would be expected to exist at different
times after different acute exposures. ‘This

gave the curves as shown. Since some inter-
polation was necessary to obtain smooth
curves and since the descriptive terms did not

haveprecisely uniform quantitativesignificance,
the values on the scale cannot be said to repre~
sent the descriptive terms concretely or vice
versa. The development as a whole, however,
gives a consistent picture, and one that has
meaning.

In terms of integrated effects of near lethal

dose of radiation of short duration on the body

as a whole, the following can be said: (1) That
there is an immediate condition of sickness or
shock; (2) that the degree of illness varies
directly with dose; (3) that the iliness may be

less during the second to fourth or fifth days;
(4) that during the second and third weeks
there is a precipitous fall in fitness which coin-
cides with the cascade of tissue necrosis; and

(5) that during the fourth week, recovery sets
in (in survivors), which then for certain organs

(gastrointestinal and hemopoietic which in
particular are of vital importance) reaches the
normal range in 2 to 4 months.

Turning to protracted or intermittent ex-
posures, Figure 3 shows performance ability
at different times in connection with daily
treatments of different amounts, using the same

plan as employed in connection with Figure 2.
Here a shock response is totally absent due to

any dramatic effects at the beginning, but
work capacity falls with accumulation of the
integrated effects. Tmplications of the curves
are: (1) That for doses of 20 r per day, work

capacity becomes noticeably reduced in 2 to 3
weeks with death occurring as an end result
at about 2 months; (2) that for doses of 5 r

per day, reduction in work capacity is barely
noticeable in 3 months but that it does fall

gradually with death occurring in 3 to 4 years;
and (3) that for doses of 1 r per daythere is no
noticeable reduction in work capacity in 3
years time.

Of importance in connection with protracted
radiation is the fact that damage and repair—
moreparticularly, cell destruction and replace-
ment-—go along togetherin the growingtissues,
and also the fact that defects in the organism
begin to show only when the rate of destruction
exceeds the rate of repair. From Figure 3,
there is indication that the threshold of injury

to the organism, so far as work capacity is con-
cerned, is about 1 r per day, and from this it

follows that the resiliency of the growing tissues

in general—that is, their maximum capacity to
regenerate—must be offset or counteracted
effectively by radiation doses in the neighbor-
hood of 1 r per day.

How great the resiliency of tissues may be

and how much reserve capacity exists in at
least some of the organs, are indicated by the

following facts (developed from animal experi-

ments mainly): Three-fourths of a liver can be
removed by surgery and a whole liver will re-

generate; one and a half kidneys can be extir-

pated without reducing normal excretory effi~

ciency ; and a full body content of blood can be
drawn off every two and a half weeks (i. e.,

blood being removed at intervals during such
periods) without distortion or reduction of the
peripheral blood picture. On the basis of such
information, it would seem that the subthresh-
old or subliminal effects of protracted irradia-
tion may bequite large in terms ofcell destruc-
tion and replacement—that is, beyond that
which takes place during the normal course of
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life. ‘This we identify as the first type of

erosive effect we have in maind. The conse-

quence is a racing of the regenerative motor, 80

to speak—actually, a consumption of a portion

of the regenerative reserve which is drawn

uponin the ease of body emergencies. — ;

The second erosive effect to be considered is

very different in character. Thatit exists as

a reality there is no longer any doubt, bul as

yet the experimental proof for it is somewhat

sketchy. Tt can be identified most casily by

reference to the Intermediate Phase as set off

in Figure 1. If damage from acute exposure

has not been too great, the post. irradiation

sickness phase is one of apparent normality ~

yet the length of this phase varies inversely

with the size of dose administered even before

the sickness developed. Bearing in mind that,

tissue replacement appears to approach nor-

mal, attention is drawn by elimination to

residual quality of the growingtissue 45 & basis

for understanding the life shortening process.

It is knownthat cells are killed or modified

as a result of irradiation by induction of bio-

chemical changes and/or mutations (a very

specific kind of biochemical change). It is to

be presumed thatlife shortening must be pro-

duced by the same means inasmuch as the

induction ofbiochemical and mutational changes

appear to be the main means by which radio-

biologic changes are induced. . Choosing be-

tween these two possibilities, it appears un-

likely that biochemical changes, which oe

produced so very precisely in accordance W if

dose at the time of exposure, should persist

with the same precisencss through the com-

paratively quite Jong Acute and Intermediate

Phases to cutoff life prematurely in the Termi-

nal Phase. This leaves mutational change as

the most likely radiobiologic change that pro-

vides a link betweenirradiation’ and premature

death which occurs months or years later. As

will be secn, it also provides a plausible basis

for explaining radiation life shortening, anda

the same time, what is identified as a thir

wpe of erosive action. .

* Since it is known that radiation produces

mutations in proliferating cells, that certain of

the induced types are sublethal and therefore

able to continue with proliferation, and that
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most of the mutations (hat persist are of the
deleterious Cype involving reduced cellular

efficieney and leading to reduced organ and

organism efficiency, there exists a means not

only for the persistence of irradiation effects
throughout. Hfe, but also for degenerative
changes that lead to carlicr limes of death. As
& consequence of irradiation, defective mutant
cells He scattered at random throughout the

growing tissue elements, These are in competi-

tion with nonmutated cella in the samelocal-
ities and it is necessary Lo assume thai at least
part of these are successful in starting strains

of cells that develop inio scattered islands of

cells, some widely separated and others over-

lapping and even diffusing into cach other.
The net effect over time is a gradual tissue

transformation, involving at the same time
reduced organ efficiency. Death is the natural

consequence whentissue transformation reaches

a point of organ failure in a vital part.
The erosive effect in this case is secondary to

the initial irradiation effect and involves
sirictly biologic action-—the multiplication and
spread of less efficient mutant cells. With con-

tinued power to proliferate, but with reduced

power to perform specialized functions as re-

quired by the host organism, the organism is
jeopardized increasingly so far as its ability to

cope with the rigors of life is concerned. For
this type of erosive effect—to the extent that
is exists—recovery consists of competition be-
tween the normal and mutated cells or tissues,
and insofar as growth of normal tissues domi-
nates growth of the abnormal, it can be said

that repair takes place. But, of significanceis

the fact that there is a systematic correlation
between size of dose (acute) and amount of
life-shortening. This means that repair, if any
takes place, is also systematic and hears a close

relationship to the amountof effect produced.
The third type of erosive effect to be con-

sideredis still different in character. It involves
effects on populations rather than effects on
individuals alone. Of significance here, radia-
tion appears to act on population groups in

much the same way that it acts on individuals
but with certain important differences.

448020 0—58—~7

Mutations are produced in germ-line cells of

the reproductive system the same as in other

proliferating tissues. The mutations induced
in both cases consist of three types: The /ethal,

which culminate in early cell death and thus

drop outof the picture very quickly; the del-
eerious, which are responsible for reduced

efficiency in cells so far as well-being of the

organism is coneerned, but not for preventing

proliferation; and the comparatively very rare

beneficial type. Deleterious mutations, as a

consequence of mitosis of affected cells and of
breeding, become spread in the aggregate germ

plasin of the population--sometimes called the

gene poot-—in much the same way that they are
spread in individuals by proliferation alone.
Deleterious mutantcells, both in the germ line
and in the soma, multiply and tend to exert in-

creasingly depressive effects on vigor and
stamina~—vigor and stamina of the population
group in one case, and of individuals in the
other. An important difference, however, is

that in populations there is opportunity for
selection of the type that, in connection with

mating, favors the more able and discriminates
against the less—a type of process for which
there is no counterpart in individuals. Favor-

able selection is henefited additionally by
retention of any beneficial mutations that occur.

The fact that selection can occur at the popu-

Jation level and that such does not occur in
connection with mutations in individuals,

furnishes some explanation of why species have
the opportunity ofliving on indefinitely whereas

organisms must. inevitably die.
The erosive effects involved here are similar

to those of the first type described, in that con-

tinuous irradiation tends to use up or consume &

reserve, and that recovery consists of counter-
acting this influencein such a way as to main-
tain a suitable margin of safety. In obtaining

the benefits of variation that stem from the
induction of mutations ai random, by irradi-
ation or otherwise, and from the selection which

goes along automatically, it is obvious that a

certain load of deleterious mutations is carried
more or less continuously. It is obvious also.
that population groups can carry a given load
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of deleterious mutations and at the same time
survive with reasonable vigor. Thelevel of the
load carried—genetic guality—-varies naturally
withthe rate at which deleterious mutations are
added to and removed from the gene pool. Tf,
then, it can be said that a stock has been weak-

ened by an excess of deleterious mutations, the
obvious steps for achieving recovery, or reduc-

tion of the load, would be decreasing the rate of
mutogenésis and increasing the rate of removal.

This means lowering exposure to mutogens

like radiation on the one hand, and lessening

the factors conducive to maintenance of the

lesa fit on the other.
In summary, the attempt in this brief paper

has been to consider someof the effects induced
in living systems by radiation from pervasive
sources such as fallout and the kinds of repair
that accompany them. Three types of erosive

effect have been identified: (1) That resulting

from necrosis of growing tissues in individuals
and leading to various forms of cytopenia,
eventual organ failure and death; (2) that

resulting from generalized degenerative change

in growing tissues and culminating in earlier
time of death; and (3) that resulting from

mutational changes in the germ plasm of popu-
lation groups andleading to loss of group vigor
and stamina. It was pointed out that recovery
in connection with the first consists of tissue”
replenishment—a biological factor; that re-
covery in connection with the second had no
meaning with respect to mutational changes

but did have in terms of competition between

normal and mutated tissue materials; and that

recovery in connection with the third consisted

of lowering the rate of inducing mutations and
also inereasing the rate at which mutations are
removed from the gene pool.

 

DISCUSSION

Paul S. Henehaw

Dr. Bonn (Brookhaven). Y would hike to

make a comment on the steepness of the slope
that Dr. Henshaw presented that presumably

applies to human beings. I cannotcertainly

argue with this slope, because I know of no

definitive data on human beings that would

allow us to define this. However, I would like

to say that the slope for most mammals that

have been studied is considerably steeper than

the slope indicated by Dr. Henshaw. The

factor that would apply in his case in his curve

in going from LD-zero to LD-50 would be

about two. In most mammals this factor is

about1.2.
Dr. Beran. Thenk you, Dr. Bond. Is

there any other discussion? Dr. Henshaw?

Dr. Hensuaw. My main experience has

been with laboratory animals also. When I

began to consider this question, I, too, had in

mind that the time intervals involved, and

indeed the slope of the curves presented, would
be somewhat different from this picture as

presented. But in asking these questions in

relation to human beings and taking the frag-
ments of information as we are able to get them

from those who have had experience in con-
nection with the Japanese damage, the few

radiation accidents, and some other kinds of

considerations, the indications are that the time

intervals involved are longer in the case of

human beings than in the usual laboratory

animals, like rats and mice.

So I concur completely with the implications

of the question that was raised.

 

 

RATE OF REPAIR OF RADIATION DAMAGE IN MICE

By Joun B. Srorer

Los Alamos Scientific Laboratory, University of C‘alifornia, Los Alamos, New Merico

In the following study tho repair rates of
tissues exposed to ionizing radiation were not

measured directly, Rather, the rate of repair
of damage contributing to the death of mice by

two different mechanisms was determined,
The end-points used were median lethal dose

for deathin thefirst 30 days following exposure
(LDj-30 days) and the medianlethal close for

death in the first 100 hours after exposure

(LDg-100 hours). In the ease of X-radiation

exposure, deaths occurring in the first 100 hours

are generally due to radiation damage to the

gastrointestinal tract (in the doserange below

10,000 r). The later deaths associated with

the LD,»-30 days are believed due primarily to

hematopoietic damage. Thus, it was possible

to measure indirectly the rate of repair of two
radiosensitive organ systems.

The split-dose technique as described by a

number of authors was used. Large groups of

mice were exposed to an initial sublethal dose

of X-rays and at various time intervals there-

after they were divided into subgroups and
given graded doses of X-rays in order to deter-

mine the LDj»-30 days or LDy-100 hours. The
extent to which the LD was lower than the
value for the control group then gave a measure

of the amount of the damage remaining from
the first exposure. This residual was neces-
sarily measuredin roentgens but since the dam-
age is proportional to dose, this system of

measure is probably sound. The residual was

then converted to percent. of initial damage by

dividing “residual roentgens” by “initial
roentgens” and multiplying: by 100.

Thus:
LDg,—LD.
“5X10 

where R,=percent of initial damage (or dose)
remaining at time ¢

D,=initial dose in r

LDyo,TDyp dose at. time ¢

LDoe=Dy dose for controls

Female CF.--1 mice, 2-3 monthsof age, were
used throughout these studies. X-rays were
delivered from a G. E. Maxitron operated at 250
KVP and 30 Ma. A Thoraeus I filter was
added. HVLof the filtered beam was 2.6 mm
Cu. Mice were exposed 15 at atime in a shallow
Lucite cage curved on a radius of 50 cm. The
TSD was 50 cm.

In the study utilizing 30-daylethality as the

biological end-point, groups of mice were ex-

posed to aninitial dose of 100, 200 or 400 r, At

intervals of 4, 8, 18, 32, 72, 144, 264,504, 1,920,
or 3,000 hours, the LDj-30 days was deter-
mined in groups of these mice and(at similar in-

tervals) in control mice from the same initial

population. The results are shown in Table I.
A plot of these data showed that. the best em-

pirical fit to a regression line was obtained when

percent residual was plotted as a function of log
time. The least squares calculation gave an
equation

Y= 106.03 26.79 log X

where ¥ is percent residual and X is time in
hours. This line and the experimentally deter-
mined points are shownin Figure 1.

It is apparent from this line that, over the
range of doses tested, the percent residual injury

was independent of dose. Since this type of

exponential is difficult to integrate into a bio-
logical model for the repair process, the data
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Tapstk I-—-RESIDUAL INJURY AT VARIOUS
TIMES AFTER RADIATION EXPOSURE AS
MEASURED BY DEPRESSION OF THE LDn-
30 DAYS
  

    

   

  

  

Rostdual
Initial Time to seroud dose (hrs) Ltye-30 from first
dase (ry days '{t) dose? (per-

cont)

100 520 79
100 562 37
100 144 (6 days). 516 83
100 504 (21 days) 548 53
100 1,820 (80 days)... 597 6

200 446 a7
200 ATT 61
200 491 55
200 524 34

400 236 91
400 261 85
400 315 71
400 318 70
400 366 58
400 264 (11 days)_ 562 9
400 1,920 (80 days)... 565 7
400 3,100 (125 days)......-. 509 3

None 4-264 hr control_...__.. 599 |.-------
None 504 hr control__. 601
None 1,920 hr control_ 591

None 3,100 hr control__.__ 519

 

    
; Paeeeat of Sfarthesecanddase, bt time of delivery of second. dose.

were replotted as log percent residual vs. time.
(This resulted in a curved regression line that
could be adequately described by the sumof
two exponential lines. These lines were tenta-

tively identified as representing a slow com-
ponent and a fast componentof the repair proc-
ess. The experimentally determined values at
each time interval were averaged and those for
time intervals of 32 hours or more were plotted

as a function of time. These values represent
the slow component in repair. They are plotted
with their calculated regression line in Figure 2.
It can be seen from this figure that the half-time
for repair for the slow component was about 33
days. By subtracting the contribution of the
slow component from the total residual, it was

possible to determinethe half-time for repair of

FALLOUT FIELD

the fast component. These points and the re-

gression line are shownin Figure 3. The half-

time for repair of this component was about

9-10 hours.
Tu summary, when 30-daylethality was used.

as a biological end-point, (here appeared to be

two exponential components to the repair proe-

ess, a slow componentrepairing with a half-
time of about 30 days and a fast component

repairing with a half-(ime of 9-10 hours. The
size of the initial dose did not appear Lo influence

the repair process. There was no evidence of a

nonrepairing residual injury.

Tante IZ—-RESIDUAL INJURY AT VARIOUS
TIMES AFTER RADIATION EXPOSURE AS
MEASURED BY DEPRESSION OF THE LD»-
100 HOURS
 

 

 

Time to LDse100 Controt Residual from
Initial dose second hes! LDye-100 hes first dose 3

a) dose tr) w (percent)
dhrs)

2 770 1025 64

4 872 1025 38

4 894 1038 36

400...--.-- 8 784 1025 60
24 884 1025 36
72 931 1025 24

240 944 1021 19

336 979 1052 18

05 508 1038 88

1 640 1038 66

2 684 1038 69

4 872 1038 61

4 660 1065 68

8 648 1038 65

600..-.--. 8 730 1065 56

24 780 1038 43
24 765 1065 50

48 780 1038 43

48 900 1065 28

72 810 1038 38

72 830 1065 39

2 336 1025 86

800... ---.-- 4 304 1025 79

4 483 1038 72

24 534 1038 63     
1 LDs0-100 hours for the second dose.
+ Percentof inittal dose remalningattime of delivery of second dose.
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In the second series of studies, mice were

exposed to 400, 600 or 800 r and at time in-

tervals of 2, 4, 8, 24, 72, 240, or 336 hours a

second dose was delivered to determine the

LD,-100 hours. In this case, we were dealing

primarily with injury to the gastrointestinal

tract, since it is injury to this system that

results in survival times of this magnitude.

Residual damage was calculated as hefore.

Table I[ summarizes the results of these studies.

As in the case of the LDy-80 day studies, the

best. empirical regression line relating percent
residual to time was of the type

K==a+6 log i

where R=percent residual and

t =time between doses.

These data are plotted in Figure 4. The

percent of residual injuryat all times appeared
to be related to the size of the initial dose.
The higher the dose, the higher the percent
residual injury measured at any time. This
finding contrasts with the LDg-30 day results
which indicated no differences in percent resid-
ual with initial dose. The data were replotted
as before as log percent residual vs. time. A
curved regression line resulted which could be
described as the sumof two exponentials, These

were again identified as a fast and a slow com-

ponent to the repair process. The points
obtained at 24 or more hours after the initial
dose were plotted and regression lines of the
type

log R=a+ bt

were calculated. The slope constants for
various sized initial doses did not differ sig-
nificantly. They were averaged by weighting
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Ficure 2.—Slow component in repair of damage con-
tributing te 80-day lethality.

by the inverse of the variance and the com-

mon slope obtained. These data are plotted
in Figure 5. It is thought that this plot repre-
sents the slow componentof repair. The half-
time was approximately 15 days as opposed to
the half-time of 33 days obtained when the

LD,-30 days was used as the end-point. By
subtracting the contribution of the slow com-
ponent from thetotal effect, it was possible to
obtain values for the fast component. These

data are shown in Figure 6. The regression
lines shown were arbitrarily forced through the
zero time point since this point is based on 100
percent total residual at time 0 and probably

has more validity than the other points. The
8-hour values fell badly out of line and ac-

cordingly were not used in this figure. The

half-times for repair of the fast component were
1.2, 2.0, and 2.4 hours, respectively, for initial

doses of 400, 600, and 800 r.
On the basis of the preceding results, the

following tentative conclusions were reached:

1. The damage leading to death in the

first 100 hours repairs at a faster rate

than the damage responsible for 30-day

lethality.
2. Repair in both cases appears to consist

of two components, one component hav-

ing a short half-time and the other a

long half time.
3. Neither the extent of percent residual

damage nor the repair half-time is af-

fected by the size of the initial dose in
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Figure 3.-~Fast component in repair of damage con-

tributing to 30-day lethality.
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the case of 30-daylethality. Both the
extent of percent residual and the repair

rate of the fast component are propor-

tional to dose in the case of 100-hour
death.

4. No evidence of a permanent level of
residual damage was obtained in either
study.

5. Since repair of damage leading to death

by two different mechanisms showsdif-

ferent characteristics, it is likely that
death from other mechanisms (such as

premature aging) will also differ from
the two mechanisms studied.

6. The residual injury leading to life short-

ening is probably not related to the

residual injury measured in the present

studies, since it is reasonably certain

that a permanentresidual injury causcs

life shortening. No permanentresidual

was detected in these studies.
7. Both the LDy-30 days and the LDy»-

100 hours should be dose rate dependent
with the LD»-100 hours being much

more rate dependent because of the

very short half-time for repair of the

fast component. Preliminary studies

have supported this view.
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Fisurr 5.—Slow component in repair of damage con-

iribuling to 100-hour lethality.

APPENDUM

After the presentation of this paper, Drs. E.
P. Cronkite and D. Borg, in a private conversa~

tion with the author, suggested that all the

individual mice might repair their damage by a
process showing «a single characteristic half-
time but that the half-times for the pepulation
might vary greatly and show a Gaussian dis-
tribution. This distribution might then ex-

plain the empirical fit of a line of the type

R=a+blog t.

This suggestion seems plausible. Further cal-
culations are in progress to determine whether
the required ranges in half-times are reasonable.

TIME BETWEEN DOSES(HOURS)

Fraure 6.—Fast component in repair of damage con-
tributing to 100-hour lethality.

DISCUSSION

J. B. Storer

Dr. Cronxits. [just want to make the com-

ment that following the study of the Marshal-
lese where the changes in the blood were some-
what difforent than we had anticipated we

wondered whether there might be a dose rate

phenomenon, and simulated the exponentially

decaying field with the 4 pi cobalt radiator at

the Naval Medical Research Institute by suc-

cessively withdrawing slugs. We did not do an

LD-50 study, but just studying the changes in

the peripheral blood of the dog exposed expo-

nentially compazed to dogs exposed at 15 r per

minute there is practically no detectable differ-
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ence in the pattern in the peripheral blood.

All of our previous experience in dogs would

indicate that we could judge the effective dose

biologically very well by the changes in the
peripheral blood.

Dr. Sacer. John Storer presented some very
interesting data. We have a little bit of data
done by a different method. I am not going
to report on it, so I thought I might mention

it now. The method is to use as a secondtest
condition not a single dose LD-50, but the
accumulated dose to death, giving daily dosages

of about 100 ra day, such that the animals will
survive approximately 30 days, accumulating 2
or 3 odd thousandroentgens.

Underthese conditions, going out to about 4

months we find a persistent residue of damage

on the order of about 10 percent. In other

words, the groups that received the conditioning
dose, usually sublethal or sometimes correc-

tionally lethal, always could tolerate only 90

percent as mich as the controls for this kind of

run which was about 4 months, J think that

this represents no inconsistency, but a response

to a different test situation which stresses the
organisms in a different way.

Dr. Srormr. I wouldlike to ask Dr. Cronkite

over what period of time was this radiation dose
delivered?

Dr. Cronxrrs. It was given over identically
the same period of time that the Marshallese

were exposed, and starting at the same dose rate

as the individuals were receiving as measured by

the monitoring instruments. Actually a 48-

hour period.

Dr. Srorzr. This would be fairly early.

They were exposed to the fallout field fairly
carly so that the dose rates initially were quite

high.

Dr. Cronxrrs. The initial dose rate as I re-

call was approximately 3.5 r per hour.



APPROACHES TO THE QUANTITATIVE ESTIMATION OF

RADIATION INJURY AND LETHALITY“*

By Gronran A. Sacuzr

Division of Biological and Medical Research, Argonne National Laboratory, Lemont, [Uinois

INTRODUCTION

There are serious difficulties in the way of a
satisfactory quantitative theory of the lethal

action of ionizing radiations. Since only the

occurrence of an all-or-none end-point is
observed, the yield of information from exper-

iments is small. The nature of the end-point
is ill-defined, because several kinds of injury

contribute and the relationships among them
that determine the boundary between viable

and inviable states are not yet known. More-
over, several kinds of physiologic injury that

have been studied are known to have non-linear
dependence on dose and on time, especially
when the injury approaches lethal levels.

Thereis also the limitation on the predictability
of response imposed by the differences between
individuals and by the fluctuation of individual

performance from time to time.
These questions must be answered in order

to provide the foundation on which to build

an adequate general theory in which lethality
becomes an understandable consequence of the

failure of adjustment of organisms to their
environment. The most significant research

contributions in the present period are those
which throw light on one or another specific
aspect of the total problem. The recovery

process is being intensively studied, especially
bythe paired-dose technique [1-4]. The sensi-

tivity of specific organ-systems or body regions

is under active investigation[5,6]. Theoretical

and experimental approaches to the dynamics

of turning-over cell populations have begun
[7,8]. The age-dependence of radiosensitivity

is under investigation [9-11]. Strain and species
differences in lethal responses are being explored

{12-14], but differences with respect to specific

physiologic responses are not yet under sys-

tematic study. The nature of the statistical

relation of mortality to injury is being examined
[15].
The above are a few examples of research

under way on sometopics that are of immediate

relevance to the overall problem of radiation

lethality. Many others have not been men-

tioned. Some problems have not yet been put
under investigation. Foremost among theso is

the question of the way in which injury in
several independent systems interacts to in-

fluence lethality. The outline of an integrated
theory embracing all these aspects can be con-

ceived, but o realization in any meaningful and
useful sense is not yet within reach.
The mathematical treatment of radiation

lethality presented below is to be regarded as
an approach which is specifically devised to

establish some. properties of the lethal response

to radiations. The characteristics of radiation
lethality revealed by this type of analysis are,
like the other physiologic characteristics enum-

erated above, part of the total response to be

accounted for by an adequate theory. In

short, the applicationof a mode of mathematical
analysis to lethality does not constitute ipso
factv a theory of that subject.

“Work performed under the auspives of the U. 8. Atomle Energy Commission.

101

 



102 THE SHORTER-TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD

A GENERAL LINEAR MODEL OF RADIA.
TION LETHALITY

When several increments of exposure are
given sufficiently close together, the physiologic
response is some function of all the dose
increments and of the time intervals between

them. We knowthat a single dose produces
an injury response with a characteristic ampli-
tude and time-course. The simplest hypothesis

about the combined effect: of a sequence of
dosages is the additive hypothesis which states
that the effect produced at a given time is the
sum at that time of the effects of the dosages
given separately in their proper positions in
the sequence. This implies that every incre-
meni of dose produces an effect that is inde-
pendent of the effects of the other incremenis.

An example of an experimental test of the additivity

hypothesis is given in Figures land 2. Figure 1 shows
the weight effect in groups of male Sprague-Dawleyrats
given 4,3, or 16r 6 days per week beginning at 53 days

of age [16]. Weight effect, H(#), is defined as E(Q =log
CQ log RY —log Cotlog Ry where logarithms are
to base 10, C(f) is control weight at time t, R(t) is

weight of irradiated animals at time t, and Cy and Ro
are mean Weights over the pretreatment period. In

Figure 28, the same measure of effect is applied to the
eight response of male rats given a single dose of 200 r

at 53 days of age. Figure 24 givea the result of a
graphical differentiation of the H(® curve in Figure }

0.1

for rais given 161 daily. The daily dose weight curve

van be accounted for on the busis that each daily dose

produces by itself a weight response as in Figure 2A,

Uf the enurves in Figure 24 and 2H agres, the additivity

hypothesis is upheld. There is agreement in overall

amplitude of the firsé peak, and in the presence of two
peaks of effect separated by a minimum at about 14
days, There is disagreement with iespect to the

depth of the minimumand alse with respect to the
stable vatue reached after 60 days postirraciation,

This comparison is not quantitative, because of the

difficulty in obtaining reproducibility of weight re-
sponser after siugle doses of 200 r or less, However,

the comparison of hematologic respouses to single and

daily doses yields results of a similar nature, It is

concluded (171 Ghat the responses to simall dases may

be additive, but the departure from additivity inereases

with the size of the dose,

 

 

The properties of the lincar model may be
expressed in the following set of postulates

(14, 17, 18].
1. Radiation in general produces injury

in several physiologic systems, and the
degree of lethal injuryis a sum of these.

2. Injury from other causes, and in par-

ticular accumulatedinjury due to ageing
processes, also contributes additively
to the lethal injury

 

i These are postulated properties of the model system, They are Ay-

potheses about the properties of reel blological systems, Their value as

‘nypotheses1s limited, as is discssed balow.
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3. Death ensues when the lethal injury ex-
ceeds a critical level, the lethal bound.

These postulates are formally equivalentto
the set used by Blair [19,20], but in the sub-

sequent development, the writer and Blair
follow different paths. Blair introduces quan-
titative assumptions for the injury and re-

covery processes and for the ageing process, to
derive an explicit equation for the dependence
of survival on exposure The alternative

course followed here is to solve for an empirical
lethality function using survival data for a

given species. This lethality function would
he a description of the course of lethal injury
in the given species if that species conformed to
the postulates above.

Inprevious presentations [14, 18], the integral
equation of injury was obtained in the form

X=f"Te—n)o(o}dr+6 @

where F(t—+) is the intensity of exposure et
time t—r, @(r)dr is the increment of injury

appearing at time + after instantaneous expo-
sure to unit dose, Bt is the accumulation of

injury due to the natural ageing process.
Equation 1 introduced the assumptions that

the accumulation of injury due to ageing is a
linear function of age, and that the effectiveness
of each increment of dose Zdr is proportional
to I. We have since obtained evidence that
these two assumptions maybe incorrect(10, 15].
The integral equation of injury will therefore
be written in the more general form

XO=[EUt-noode+ay

where A(t) is the ageing function and E(,t—7)
is the effectiveness of the dose increment
I(t—r)dr.

The effectiveness function, in a form that
takes account of effects that depend on the
second power of the dose,is

E(i,t~1)=I(t--7) +

toe
mf Ht)it—r—pem-r-Pde 8)

a

When J(f—7)=consiant= 7, Equation 3 becomes

bene

EUt—=14+mP?ff erwinDy
o

2

=1l (l—e7#6-2) (4)

The time constant 1/u is the mean time that

damage can persist and be potentially able to
combine with later damage to produce second-

power injury. The value of t/u is probably in
the range from houra to a few days. In this
case the term (1—e7*') in Equation 4 is

negligibly different from unity over the time
period of interest here. The effectiveness func-

tion then becomes,to a sufficient approximation

minaeh 6)

This same approximation may be used when I
is time-dependent, if the change of J with time
is small over a time period on the order of 1/u.

When Z(J) is approximated by Equation 5,
Equation 2 reduces to

X()=Eti)[oe-nartaq 6)

Death occurs when X(f) reaches a critical value,
the lethal bound, which can be set equal to

unity. Equation 6 becomes,

1=E()[oa—ndrtawn a

where ¢* is now a definite mean survival time
corresponding to an exposure at constant daily

dose I. Thelethality function for constant ex-
posure, called the cumulantlethality function,

Cr, is immediately found to ba

a=[dmg[1-4]

The ageing function is very imperfectly known,
but can provisionally be specified, in view of
available data (10), as

+b-+-g(*+ 5)?
AO=FTb+atOy (9)
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whore 4 is the age at the beginning of exposure,

and ¢ is the control survival. The ageing

function becomes equal to the lethal bound,
and therefore to unity, whon t*s=f.

PROPERTIES OF THE LETHALITY FUNC.
TIONS AND SOME IMPLICATIONS FOR
PREDICTION

Jet us first summarize the previous develop-
ments. If samples from a homogencous popu-
lation are exposed to different constant inten-
sities I, we can deduce from data on daily
duration-of-life exposures a lethality function
of the form

Goma[1-40| (10)

When explicit expressions are assigned for E(/)

and A(t), then, with a set of known values of J
and t* we obtain a numerical estimate of a
cumulant lethality function that describes the
course injury would follow in a@ model system
conforming to the postulates stated above.
The most extensive lethality data over a

wide range of daily dosages are those for ABC
male mice given X-ray dosages ranging from
20 to 1,000 r/day [18]. The daily dosages and

survival times are given in Table 1. The cor-

responding values of the cumulant lethality
are also given in Table 1. The cumulant is
computed on the assumptions that

Alt) =t"ffy a)

where f is the mean survival time of controls,
and

E(D=I (12)

These expressions for E(I) and A(t*) are not

realistic, as noted above, but the discussion

below will center on some properties of the
lethality function that are not qualitati¢ely
affected by any bias introduced by these
approximations. ,
The cumulant values for the ABC mice are

plotted in Figure 3. The function obtained is
not a simple curve. There is a sharp flexion

 

Tante 1.—-TABULATION OF THE SURVIVAL OF
ABC MALE MICE GIVEN DAILY X-RAY EX-
POSURE FOR THE DURATION OF LIFE, AND
OF THE CUMULANT LETHALITY VALUES
DETERMINED
 

 

Mean after. Cumulant
Meandally dose 9 (r) survival (deys)| lethality »

Gidayy~

a
213 0, 0366

73.8 - 0256

36. 8 - 0224

39, 2 « 0185

29. 9 - 6142

20. 6 - 0109

15.2 . 0094

11.5 - 0056

8&0 - 0036

70 - 0029

5. 2 - 0020

3.3 - 9010   
* Exposures given 6 days per week, .

+ Using Equation 10 with E()==Fand A(t) af.

at about 15 davs and another near 40 days.
The flattening of the curve as drawn between

80 and 220 days is not arbitrary, but is based

on certain properties of the survival of ABC
mice in this time period [18], and on the be-
havior of other strains and species, as will be
shown below (Figure 5). This plateau period

implies the existence of a “silent period”

between the acute and chronic phases of in-
jury. Evidence for such a silent period is also
found in the recovery studies of Storer [1] and

others.

The impulse function obtained from these
data by numerical differentiation is plotted

in Figure 4. This is an estimate of the course
of injury after a single exposure. The existence
of two major peaks of injury, at 15 and 40
days, is indicated. The minimum at about
120 days again represents the “silent period”
noted above.
Cumulant values were computed for all

available data on experimental animals given

uniform duration-of-life exposure [14] and are
presented graphically in Figure §. The cumu-
lant values are here plotted on a log-log scale.
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It is evident that the lethality cumulant is
species-characteristic, for each species has a

consistent pattern of behavior, and the cumu-

lants for different species differ in form.
What are the implications of these obser-

vations for the mathematical theory? First,
the lethality functions cannot be adequately

tepresonted by simple mathematical expres-
sions, Thus, the impulse lethality function

(fig. 4) for the ABC mouse does not agree well
with the formule of the type offered by Blair
(19, 20) to describe this function

X=Ce"+O, (13)

where C,, C, and & are constants. This ex-

pression would put the peak of injury at time
zero. Blair acknowledges the existence of a

delay in the appeerance of recoverable injury
{19] but does not take accountofit in his mathe-

matical developments. A simple way of in-
troducing the delayed appearance of injury in
an explicit formula is to assume that injury

becomes manifest as an exponentially decreas-
ing function of the time after exposure [21],

Vi)= evet (14)

where V(t) is the amount of injury that appears

at time ¢ after exposure to unit dose. If this
is combined with the assumptions that (a)

recovery is linear, and (4) there is a non-re-

covering component, we obtain an expression

2A modification of Blair's theory based on this consideration has been

developed by Dr. D. Mewlessen (personal communication),

D
E
R
I
V
E
D
S
I
N
G
L
E
D
O
S
E
L
E
T
H
A
L
I
T
Y

F
U
N
C
T
I
O
N

(r
7~
')

 

QUANTITIVE ESTIMATION OF RADIATION INJURY AND LETHALITY 107

0012 

-0010

0008

 

    oooh fe

\ pee
0 wm I 1
0 50 100 150 200 250

TIME (doys)

Fiaurs 4,-—Impulse lethality function, obtained by graphical differentiation of the curve in Figure 3.

for the impulse function which is of the caten-

ary form

X=O(e!—e404 (1s)

where 8 is the recoveryrate.

This expression would perhaps give a fair
description of an individual injury process, but
an adequate description of the empirically
determined impulse function during the first
100 days (fig. 4) would require at least two

catenary terms. Even this more elaborate

expression would fail to describe events accu-
rately between 50 and 200 days, in view of
evidence that the non-recovering lethal effect
has a mean latent time of about 200 days for

the mouse and rat, and a greater magnitude

for the dog and guineapig [14]. This accounts
for the extended plateau region in the cumulant
functions of the various species shown in
Figure 5. This latency property of the non-

448020 O—S8—_—8

recovering injury is not present in the Blair
formulation. Since the nonrecovering injury

is manifested in neoplasia and degenerative
disease, the delay in its appearance, as seen in

Figures 3, 4, and 5, is the expected behavior.

Our actual problem is to estimate the Ie-

thality functions for man. This does not mean
that we need to trace « complicated curve. In

fact the important parameters necded can be
reduced to a set such as the following.

1. The sensitivity of the recoverable injury,

as measured by the plateau level of the
cumulant function.

2. The sensitivity of the nonrecoverable
injury, as measured by the constants of
of thefinal rising branch of the cumulant
function.

3. The meanlatent timeof the recoverable
injury.

4. The mean latent time of the nonrecov-
erable injury.
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The contribution of the empirical analysis
presented thus far is to suggest that these
parameters are independent and must be deter-

mined separately. According to present evi-
dence, the LDj is a poor predicter of the later
phase of the recovering injury, and there is as

yet no evidence that it has predictive value
for the true chronic injury, which is expressed

in neoplasia and degenerative disease.
There would appear to be only one method-

ologically sound approach to the problem of
predicting lethality, that of pursuing the con-
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sequences of the fundamental postulate that
radiation lethality is a consequence of physi-

ologic injury. Therefore a correct, description
of lethality can only follow from correct con-

ceptions of the nature of physiologic injury

and recovery. Despite the complexities that

have been pointed out (and others that have

not been considered) the prediction of lethal

effects in man is possible if we can identify the

physiologic correlates of the various compo-
nents of the lethality function.

DETERMINATION OF TILE CUMULANT
LETHALITY FUNCTION FROM DATA
ON TIME-DEPENDENT EXPOSURES

In the previous gection, lethality functions
for several species were obtained from data on

duration-of-life exposure at a constant rate.
It was possible to determine thereby some
general properties of the injury process. How-
ever, the validity of the basic postulates of the

linear model was not tested thereby. The
postulate of linearity of mechanism can be
tested by using date from a numberofdifferent
exposure patterns,

In this section it is shown that the cumulant
lethality function may be deduced from data on
time-dependent exposures. The comparison of
the derived cumulant function with one deter-
mined directly permits a test of the consistency
of the model.
To simplify the derivation, the integral

equation for injury will be solved for time-

dependent exposure on the assumption of linear

effectiveness (Equation 12).
The exposure intensity function, f(, will be

written as a sum of exponentials ?

 

=PAun (16)

with

pal (17)

representation t for the se
frome retained isotopes. Otherclasses of exposure patterns (Hnear rise or

(all, aquare wave, powerfunction, etc.) can also be solved.

Wedefine the new variable

+[1-40| (18)

Equation 2 then becomes, with Y(é) 1,

Zz

 

Z=f)DAc exp [—auctt~| dr (19)

e
= 3 de" f(oredr (20)

Thereis no need for the general solution because

the limitations of the empirical data preclude
the use of more than two exponential terms in

Ff). The case that f() has two exponentials is

nowconsidered.
Let us define the new variable

PaAef"ere"dr (21)

The derivative of P, with respect to ¢* may be

written

DPy=aAef“pnedr+Awlt*) (22)
0

=PtAp (23)
where

_dp=t, (24)

$=o(t*) (25)

With 2=2, Equation 20 becomes

Z=P,+P2 (26)

Wealso obtain readily

DZ=~—mP,\—mP2+¢ (27)

D°Z=a/P\+07P2—(aArtorzd2¢+D¢ (28)

We can eliminate P, and P, between these to

obtain

(D+ (aya)+00)Z= (D-ronAy +aAa)e (29)
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In this differential equation, the a, and «4, are

known constants of the exposure function. In

application to experimental daia, Z is a known
numerical function of the dosages, survival

times and the ageing function. We therefore
havea first-order linear differential equation in

the unknown impulse lethality function, #(@).

Now let
7

f Z(tdt=¥ (30)
a

andintegrate term by term, remembering that

f $(t)dt= C4, (4) (8)
Wefind

DEZ+ (oy +n)Z+ana¥= (D+-yAgt+mA,

(31)

This is solved for C, as

Ce"f* PYDZ+-(ayten)Z-+eyn¥dt (32)
o

where B equals a,4,+0.4).

The integral may be evaluated numerically,
using numerical data to specify X(t), or it may
be evaluated analytically by first fitting Z(¢)
with a graduation formula.

In the event that the model is validated for
application in a given range of conditions, and
given also that an acceptable estimate of C,
exists, then Equation 32 becomes a formula for
estimating the expected relation of dose and
survival time for a given time-pattern of ex-
posure.
We * have evaluated C, from some data obtained

by the late Mr. Howard Walton [22] on the

toxicity of Ru’ for CF-1 mice. Equation 32

was evaluated numerically, using the data given

in Table 2. Figure 6 represents the numerical
estimates of C, based on the rutheniumdata,

and also an estimate of C, obtained from data
on CF~1 mice given constant daily dosages.
In both cases A(t) and E(1) were assumed to

be given by Equations 11 and 12 respectively.
The scaling factor for best adjustment of the

+The assistance of Mr. Robert Schweisthal is grate-
fully acknowledged.

 

TaBse 2.-CUMULANT LETHALITY VALUES
FOR CARWORTH FEMALE MICK (A) EX-

PORED TO CONSTANT DAILY DOSE OF X-

RAYS FOR THE DURATION OF LIFE AND(B)

INJECTED WITH Ru® V7A TAIL VRIN

A, Daily X-ray B. Rutt njeetlone

Moun after-| Camulant Mean Median Cumulant
Meon daily survival lethality 4 injected after- lethality +
dove * {r) (days) (rAlayi-1 dose survival Kueyt

facie) (days)

  

 

425 se ee een} O 500 |...

63. 1 0. 0256 1. 42 140 2. 047

36.4) . 0182 3.21 37 - 704
21,91 .0142 4.96 18 ~ 418

103... .... 16.4; .0093 8 94 12 ~151

LTA 13.4) . 0056 |... ----) 22.2eae

   
    
Exposures given § days per week. .

> Using Equation 16 with E(Z}«2 and A(t*) =p
s

* Thebiologic decay of Ru! was found by Walton [22] to be
JAE} 3e-WOAHGe10881

‘This was used to deseribs the time-course of exposure,
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Fiaure 6.—-Cumulant lethality functions for Carworth

female mice. Solid line—directly determined Jrom
data on survival at constant daily X-ray dosages.

Dashed line—calculated from date on the survival
Jollowing dosages of Ru™, by use of Equation $2.
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Rucumulant to the daily X-ray cumulant
was found to be

1 uc/g equivalent to 38.5 rep/day

Thetissue dose received fromretained Rul was

estimated by Walton to be

1 ue/g==41.6 rep/day

The estimated RBEof Ruwith respect to 200

kvp X-rays istherefore

RBE=0.925

The two estimates of the cumulant function also
agree in shape, although the C, value from Ru!
at 140 days is perhaps somewhat high.

It would appear from these results that the

linear model, despite its shortcomings, is useful

in predicting the lethal effects of an unknown
exposure pattern from the effects of a known

pattern, if the patterns do not differ too greatly

in form. This comparison is of some interest,

because Ruhas a fairly uniform distribution
in the body. However, experiments with time-
dependent exposures to external radiations are

needed.
Fractionated exposure patterns are particular

cases of time-dependent exposure, to which the

methods described here can equally well be
applied. However, the argument [23] that

only fractionated exposure patterns should be
used in lethality studies, in order to avoid the
‘wasted radiation” received in the last days of
life, has no basis. The lethality functions ex-
hibited above are estimates of the actual
amount of injury present as a function of time

after exposure. Hence, the injury arising

from exposures received shortly before death

makes its properly weighted contribution to
the lethal injury. Inspection of Figure 4 will

show also that this contribution in thefirst few
days ig actually comparatively small. Frac-
tionated exposure, like time-dependent expo-
sures in general, have an important role in the

developmentof the theory of lethality, but this

contribution will come from considerations
quite unrelated to the wasted radiation concept.

CONCLUSION

The present status of the theoryof radiation

lethality was discussed briefly. The formal
theory of lethality developed here was pre-
sented as an approach devised for the purpose
of obtaining information about. lethality, re-

garded as a physiologic process. It was shown
that the lethality process is polyphasic, and
that the several species studied appear to show

considerable independent variation in the

amplitudes of the different phases. The con-

struction of an adequate lethality function for

manrequires knowledge of several independent
parameters, The estimation of these param-

eters by nondestructive methods will be possible

when they can be given a correct physiologic
interpretation. The linear model may have

utility for prediction of the effects of time-
dependent exposure patterns, but its range of
validity must first be determined by experi-
ments with such patterns.
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RECOVERY FROM LATENT RADIATION INJURY IN RELA-

TION TO PERMISSIBLE HUMAN EXPOSURE '

By WW. A. Buarr

Department of Radiation Biology, University of Rochester School af Medicine and Dentistry

It is well established that following whole
body exposure to ionizing radiation recovery

from the consequent latent injury frequently

occurs nearly exponentially with a half-time in

the range from 3 to more than 20 days in the

species which have been studied. Tite criterion
used to measure recoverydirectly is the increase

in size of a second dose sufficient. to produce

lethality as this dose is applied at greater
intervals after a first sublethal dose. The
injury so measuredis called latent because it
precedes the clinical syndrome of radiation

injury and is measurable at present only in

terms of radiation dose.
That recovery does not go to completion but

leaves an irreparable residual is evidenced in
either of two ways, by a permanentdecrease of

the lethal dose, or, by a shortening of life-span

[i].
According *to all indications recovery takes

place similarly during, as well as following,
exposure. For this reason it is a determining
factor in how often successive doses may be

given, or a protracted dose such as a fallout field

maybe sustained, without exceeding a given

level of injury such as that caused bya single

brief dose of selected magnitude. Application
of this type of calculation to human populations
requires a knowledge of recovery rate in man;

but this is not known and no direct nonlethal
method has yet been devised to obtain it.

Presumably recovery in man resembles that in
someof the other species but there is no way
 

' Phis paperis based on work performed under contract withthe United
States Atomle Energy Commission at The University of Rochester

Atomic Energy Project, Rochester, New York.

yet known to becomeassured on this point and
there is a further complication in that measure-

ments on animals present difficulties of inter-

pretation which will be discussed now,

Until recently it was assumed that an animal

subjected to whole body irradiation would
recover in all parts, except the skin, at the

same rate. However, Carsten and Noonan

have shown in the rat that exposure of the

abdomenandlowerlevels only, leads to recovery

with half-time just over 1 day[2], while exposure

of the remainder of the body only, leads to

recovery with half-time of 3 to 4 days [3].

Hagen and Simmions, [4] showed that the wholly

exposed rat recovers with half-time about

7 days. These data suggest that recovery

rate is possibly a function of volumeirradiated.

Data by Storer [5] in which the whole bodyof

the mouse is exposed, but in which the dose

is adjusted to give so-called intestinal death

in about 4 days, also show a fast phase of

recovery presumably associated with the ab-

dominal region. Similar observations have

been made. by others. These data, contrary to

those cited above, indicate the possibility that

segments of the bodyrecover, or tendto recover,

at their own rates independently of whether

or not other segments are irradiated.
Non-homogencous recovery raises problems

of measurement and interpretation which are

illustrated in Figure 1. Assuming for sim-

plicity that there are but. two segments of the

animal with different recovery rates it will be

seen that the recovery curve for the whole

animalas defined bytest: dases will fall rapidly,
initially, because of the fast segment A and
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TIME AFTER INITIAL DOSE

Frover I—Following an initial whole body dose, about

one-hatf LDDs in this case, recovery of the fastest

segment is represented by curve A and of the slorest

by curve BL Test doses adjusted to produce LDtill

define a recavery curve somewhere between A and B

strongly influenced hy A initially and later tending to

run parallel to B. There are implications in these

Statements with respect lo the summation of radiation

effects produced in different segments of the body. This
problem haa been discussed (if).

will later run parallel to, but below, B. The
effect will be to make recovery appear too

fast in the carly stages and too complete in
later stages. The first will indicate too short
a half-time and the second will tend to obscure
the residual injury. If curves A and B are

simply exponential the experimental curve will
not be.

There is suggested, perhaps, somepeculiarity
of abdominal radiation which alters its relative
importance in some strains or species or under

certain conditions since some observers find a
fast early, presumably abdominal, component
of recovery from whole bodyirradiation while

others do not. Possibly recovery of segments
is less independent in some specics or under
certain conditions, one of which may be dose

size. In the gastro-intestional tract, for ex-

ample, latent injury, as defined here, may have

no meaning with respect to those doses which
are sufficiently great to kill cells whieh are
normally undergoing rapid replacement. Res-

toration of normal eell division and prolif-
eration is presumably a process quite different
from those involved in recovery of persisting

cells. In any case, at this time, it is safe to

assume only that recovery as determined

experimentally by paired doses may be faster

than that of the slowest recovering tissue and
that the use of this recovery to predict. the levels

of injuryfor prolonged or intermittent exposures

muy underestimate them eonsiderably. For

this reason in clioosing a tentative value for

man probably it is advisable, in the absence

of other information, to select a recovery half-

time somewhat in excess of the longest known
in mammals, which, at present, is that of the

guinea pig---some 20 days.

There is another problem raised by Mole [6],

who asserta that recovery rate per unit of
injury is not a constant, as required by an

exponential recovery hypothesis, but is a func-
tion of the level of injury and is slower with

highinitial dores, a result perhaps contrary to

that of Storer discussed above. Mole’s analysis

of his data is not definitive butif bis conclusion
should be correct much more investigation of

recovery from different dose levels would be

required before the results could be applied to

unknown situations. The bulk of the present
evidence indicates that recovery is not a func-
tion of initial dose for doses less than about
one-half LD.

Since this paper was presented verbally
Davidson [7] has issued a report in which he

shows a linear relation between whole body

recovery rates in various mammals and the

time course, following irradiation, of changes
in white cells of the blood. Because blood data
are available in man this relation permits a
prediction of recovery half-time in man to be
aboul.one month. Although there is no known

biological basis for Davidson's correlation it
may be @ sound one and also it may give a

lead for search of similar empirical relation-
ships. In any case the half-recovery time of

28 days chosen by Davidson appears to be a

fairly conservative choice for man, even in the

lightof the problems raised above.

The objective for which the recovery half-
time is used for human exposure calculations
is that of avoiding a level of acute injury which
will be dangerous or lethal. If recovery went
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to completion this factor alone would be wholly

determining and it would be reasonable, when
necessary, to permit exposures to levels as high

as possible without incapacitation.
Thepertial irreversibility of radiation injury

precludes adoption of this simple point of view
and. also raises the question whether it is more
practical to adopt a total dose as a permissible

level independently of the time, for at least a

month or two, over whichit is austained.

It is reasonable in comparison to other species
and is indicated by the Rongelap incident (8)
that 200 roentgens of whole body gammaradia-

tion is sublethal for young adult man and

probably for most. of the very young and for
the moderately old. In the young adult man

this dose is not seriously incapacitating even

when received promptly. It appears worth-
while then to consider the probable effects of

200 roentgens as a permissible dose in single
episodes lasting for durations of minutes up to
a month or more.

Observations on rodents [1] indicate thatlife
is shortened about 7 percent per LD, or about
1 percent per 100 roentgens for accumulated

doses whose daily components do not exceed
120 roentgens. The effect with doses admin-
istered in less than a few hours is about 3 per~
cent per 100 roentgensin the 200 to 500 roentgen

Tange and is greater with larger doses.

This difference is not attributable to dose
rate per se but to total dose within a given

time. For example, using the same dose rate,
Hurshet al (9] showed that 600 r shortened the

life of the rat some 20 percent when admin-
istered in one day but gave a much smaller
effect when administered in 10 daily doses of
60 r. These relationships require much addi-

tional study but in the rodents, at least, it

appears safe to assume that doses less than
100 r per day give the smaller effect on life

apan and that doses of 200 r per day or more

give the larger effect.
The only evidence that man may suffer

fractional shortoning of life spen similar to

that of rodents is that presented by Warren
[10] whose data show an average loss of 5.2

years in longevity of American radiologists in

comparison to unexposed physicians. The av- .
erage ages of death are 60.5 and 65.7 years,

respectively. If these radiologists dying in the
period 1930 to 1954 sustained on the average
the equivalent of about 800 roentgens of whole
body radiation in divided doses their loss of
life span wouldbe similar to that in the rodent.
Because this dose is in the range to be expected
it is unlikely that man and rodent can differ
by more than a small factor such as 2 or 3.

Theeffect on life-span of large prompt doses
in man is not known but presumably it will be
greater than that of distributed doses as in the
rodents.
Assuming man and rodent to be alike 200

roentgens will shorten life about 2 percent when
delivered at rates not exceeding about 100 r
per day and shorten it as much as 6 or 7 percent
when delivered promptly.

Existing data indicate that the after effects

of successive exposures are additive. There-

fore, two exposures of 200 r widely separated
would shortenlife twice as much as one. How-
ever, 400 r in a single prompt dose, if this is
very near LD,» for man, would be expected to

shorten life as much as 30 or 40 percent because

life-shortening in rodents increases rapidly with
the magnitude of the single prompt dose as the

dose approaches the lethal range.

CONCLUSIONS

It appears that a limit of 200 roentgens for

emergency exposures for any period up to 30
days will not entail acute lethality or significant
incapacity. Congequent life-shortening would
be as much as 6 percent, about 4 years, if man

is like the rodent andif the doseis received over

a short period. If the dose is less than a given

amount, possibly about 100 r on any one day,
life shortening will be about 2 percent. How-
ever, there are no definitive data for any species

on how small the daily level must he to cause

the lesser effect.
The suggested use of recovery with half-time

of 28 days by Davidson to determine “effective
dose” appears to be a conservative practice.

It is not clear at present, however, what effec-
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tive dose should be permitted in man because

the concepts employed are based on lethality.
Ttis not clear, for example, whether an effective
dose of 200 r remaining from a greater total dose

would at all times lead to the same degree of
incapacity, even though it would presumably

entail the same danger of lethality, as 200 r
received promptly. Evidence on this point
might be obtainable on the dog or some other
species in which post-radiation blood changes
may persist for months. At present it would
probablybe safer to limit the effective dose for

prolonged exposures to a level somewhat less

than 200 r or such other level as is permitted
for short exposure.

For adequate control of prolonged or multiple

exposures at substantial levels itis necessary to
employ considerations of recovery rather than
of total dose and the parameters and methods

developed by Davidson appear to be the best
available at this time.
The lethal dose for partial body exposure is

higher than for whole body[11] and recoveryis
faster according to present indications {2].

Yonsequently safe estimates for whole body
exposure will be even more conservative for

partial body exposure.
Dependingon facilities for radiation measure-

ment and other factors it may be advisable to
set permissible emergency limits for both total

dose and effective dose and to use the one most
feasible at the time. .

REFERENCES

1. Buarr, H. A., Data Pertaining to Life-Shortening
by Ionizing Radiation, University of Rocherter
Report, WR~442, 1966.

2. Carsren, A. L, and Noonan, T. R., Determination

of the Recovery from Lethal Effects of Lower

Body Irradiation in Rats, University of Rochester
Report UR-445, 1956.

3. The Same—-Unpublished Observations.

4. Hacen, C, W. and Simmons, E. L., Effects of Total

Body X-irradiation on Rats. Part I. Lethal
Action of Single, Paired and Periodic Doses,

University of Chicago Metallurgical Laboratory

Report CH-3815, 1947,

. Srorer, J. B., This Symposium.

. Moun, R. H., Quantitative Observations on Recov-

ery from Whole Body Irradiation in Mice, Bret.
J, Radiol., 30, 40, 1956,

~ Davinson, H. ©., Ir, Biological Effeets of Whole-

body Gamma Irradiation on Human Beings.

The Johns Hopkins University Press, Baltimore,
1957.

. Some Effeets of Lonizing Radiation on Human

Beings, Edited by EK. P. Cronrire, V. P. Bonn

and C. L. Dusan, TI)-5358, Superintendent
of Documents, U. 8. Government Printing Office,

Washington 25, D.C.

. Hesse, J. B., Noonan, T. R., Casarert, G. and

Vaw Siyxe, F., Reduction of Life Span of Rats

by Roentgen Irradiation, Am. J. Roent. Rad.
Ther. and Nuc. Med., 74, 130, 1955.

10. Warnen, Suieups, Longevity and Causes of Death

fram Irradiation in Physicians, J. A. Af. A., 162,

464, 1956.
. Biatr, H. A., Acute Lethality of Partial Body in

Relation to Whole Body Irradiation, University

of Rochester Report UR-462, 1956.

a
a
n

_
R

2
=

DISCUSSION

H. A. Blair

Capt. O'Donocuus (Bureauof Medicine and

Surgery). J have often lookedat figures like the

last slide and instance of leukemia in radiolo-
gists and physicians, and thought it was very

interesting, but we did not do anything about

the dose sustained by the people. I have been

very curious how Dr. Blair arrived at his

thousand roentgenfigure.

Dr. Bert. I think that is an interesting
question, Dr. Blair. Would you like to answer
that?

Dr, Buarn. I don’t have a good answer. 1

have talked with a number of radiologists who

were fairly well agreed that it didn’t likely differ
from 1,000 by a factor of more than two or so.

Tf the daily dose rate got very high over long
periods, there might have been more clinical

manifestation of injury. Radiologists have
not complained much about anything except

burns of one kind or another. There have been
instances of anemia, but they are not very

common,
Dr. Cronxire. The rapidity of recovery of
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the peripheral blood of many species has been

studied and varies considerably. It is also

known to a great extent i man from the
Marshallese studies.

L would like to ask, Dr. flair, has the half

time for recovery of the various species been

correlated with the rapidity of the recovery of

the blood picture in the various species?

Dr. Buarr. I suppose the two extremes we

knownow are either guinea pigs or burro versus

mouse. They have the shortest and longest

recovery half times, I think, of the animals we

know. Tt would be interesting to see if there
was a relation between recovery rate and clini-

cal manifestations inthese species.
Dr. Rosertson (Brookhaven). I would just

like to make a point that has been mentioned by
Dr. Berlin in a recent publication, which I
think deserves more emphasis. That is, that

Dr. Blair and Dr. Sacher, too, in considering
the shortening of life span use the averagefor a

group, whereas if mortality rates are plotted on

e Gompert’s type function, the displacement of

the lines for an irradiated group from the normal
group is a litUle greater. I take this as meaning
that using the average does not take into ac-
count the automatic increase in death rate that
is occurring with age, and therefore the average

is not truly applicable to the individual, thatis,

the effect on the individual is a little greater
than is deduced from the average.
Perhaps Dr. Blair’s theory is flexible enough

to make a bit of correction for this, and I

wonder if he has thought about it in these
terms.

Dr. Buair. I don’t think this has anvthing

ta do with theory. Animals being currently
irradiated are storing up irreversible injury,

but on top of that they have acute injury from
the doses gotten recently. The kind of data I

was talking about here are the after effects of

exposure. The radiationis stopped long before

death so any acute injury that may have
occurred has been healed. You have to be
careful about this, because there are not very
many data in the literature for which chronic

radiation has slopped short of death. Ata high

level, such as 5 or 10 roentgens per day, the

animal maydie half from acute injury and half

from residual injury. Allowanee must. be made
for this in calculating shortening of life span

per roentgen as an after-effect of radiation.

Dr. Sacuen (Argonne). In regard to Dr.
Robertson's question, I believe that you, Dr.

Berlin, could probably discuss this to good
advantage, because you havealready, I believe,
lookedat relations between the average survival

timeestimates and the Gomperts thing.

Dr. Bertin. The Chair will not enter into
a discussion at this time.

Dr. Ssacnur. I am afraid the burdenfalls
on me, T believe that the Gompert’s analysis
is the most unbiased analysis that we can

bring to lethality data, because it considers

the lethality as a process that is going on
continuouslyin anirradiated population. How-

ever, in looking at data today in terms of mean

survival times, 1 did this out of sheer necessity,

because in the daily dose studies we are usually

dealing with very small populations of animals.
T have notactually given serious consideration

to correcting for bins in the mean survival time

estimates, because I have not used them for
the estimation of parameters. However, I

showed two curves; one the estimate of cumu-

lative lethality function and the derivative,
two sets of curves, The first was based on
Mean survival times and the second based on
an analysis using the Gompert’s function. I
think if yourecall these you will recall that they

were of the same form and my problem essen-

tially is to find a scaling factor for them. Dr.

Blair has mentioned the point that causes

serious concern in the application of these

theories to lethality under conditions when the

radiation is being received up to the time of

death, and thatis the accumulation of injury

due to the latest increments of dose received.
T should say that when you use the deduced
empirical function approach that I have used,
you note that the injury curve takes on the

order of 10 or 20 days to build to a maximum.
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Therefore, when this is applied to the data,

the dose as received in the last 10 or 20 days
hefore death is given its proper weight in the
contribution to the lethality. This leaves
unresolved the question of whether the acute

injury and the irrecoverable chronic injury
combine and simply add to the death. I am

quite convincedthat they do notdo soprecisely.

However, to think so and to know what to do

about it are two entirely different things.
DISCUSSION ON TOPIC III

Biological Repair Factor

Dr. Bertin, To start off the general dis-

cussion, I would like to ask Dr. Jones if he would
initiate this discussion for us. We have
heard from Dr. Blair and Dr. Sacher, and T

think we should hear what Dr. Jones has to
say on this field. I think we are fortunate in
having all three in the auditorium at the same

time. Perhaps we can arrive at some syn-
thesis of mutual thought with them present.

Dr. Jones (University of California, Berke-

ley). I think it is a remarkable thing thatall of
us who have talked either here or recently
elsewhere who are expressing opinions on

radiationeffects and particularly radiationeffect.

upon the life span have an essentially coherent
viewpoint about the thing, and are in essential
agreement with regard to all major factors that,

I understand. Where we differ are differences
in fine points of interpretation which are very

important to our current work, but it is per-

haps as useful to us to surveyat this time some
of the overall aspects of the radiation effect
problem from the standpoint of what things fit

together and what things perhaps do not.
Let me try to do this in about a 2-minute

thumbnail sketch. In the first place, histori-
cally in radiation effects, I think everyone was

first impressed by the gross aspects of radiation
injuries. Things that had to do with burn,
ulcer, tissue necrosis and the like. These

things have enormous threshold effects. Thera
are doses of radiation below which you do not
see these effects at all. Between the range of
out and outtotal killing of cells from which
there may be no recovery because the cells

don’t exist any more to exhibit recovery and
the threshold effect, you get regions where there
are great reparative processes. So as Jobn

Storer expressed it, if you wait long enough

below the level where you get frank burn, the

reparative processes will give you a lissue that

looks like a tissue that was notirradiated.
If you look at the problem from the stand-

point of the genetic effect or the long-term
effects of radiation, you have apparently another

coherent viewpoint which seems to be at. the
opposite end of the scale. T wonder if these

two viewpoints can't be brought together by

the consideration of a radiation effect on a
cellular basis.

In the first place, I think our concepts of

threshold effects and reversible effects of radia-
tion are Jargely the effects of radiation upon
complex organisms such as mammals, where

many cells are involved, and you have the

potentiality of replacement. of injured cells by

cells which are not so muchinjured. You can

divide and veryrapidly, and take the place of
injured tissue. As wegetto the cellular level,

I think the classical example is that cells do

show a recovery effect such as Dr. Henshaw’s
early papers on the subject, Evenat the same

time and subsequent timesince effects of radia-

tion at the cellular level turn to be more
quantum effect of radiation so we have the

hit theory, and the like.
Below the cellular level at the chemical level

and structural level of tissues, one finds over-

whelming evidence for quantum interaction
between radiation and matter and radiation
effects that are largely irreversible in nature.

Now,let us look for 2 moment at the radia-
tion effect in mammalian tissue. If we take a
fairly uniform setof tissues such as the marrow,
lymphatic tissue, and so on, there exists from

the laboratories of quite a number of different
observers, quantitative effects of radiation
upon these tissues, either in terms of estimating
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the total cellular mass that. is left with respect
to time after dose, perhaps the concentration

of these cellular elements in the blood, or per-

_ haps direct measures of mytosis or turnover of
these cells in a measuring system.

If you takeall these together with respect ta
dose you have a range of dose that extends
from about 2,000 r at the upper end, down to
about 15 rat the lower end, where you can get
significant results. You find that over this

whole range, even though youare dealing with

different species, for these three tissucs, the

effecta between the mouse, rat, and rabbit and

man are that per roentgen on a log scale of

surviving tissue as a function of dose, you have

a linear effect of about 0.3 percent per raentgen,
if you put it on a per roentgen basis. This, as
T say, is over an enormous range of radiation

exposure.
Now, this means, then, if you transform a

little further that approximately in terms of
the hit theory you have about 2 to 3 cells

injured per 1,000 cells per 1 r of radiation

exposure. If you test this out a little bit
further in terms of what we know about the
genetic effects of radiation, the genetic effects of

radiation in terms of mammalian system, gives
you at the level of 50 roentgens a mutation
induced in about 1 cell out of 10 germinal cells.
Then you multiply these two together, and you
find per roentgen this means about 1 mutation

in 500 cells or per 1,000 cells this is an induction
of I new mutation of 2 cells out of every 1,000
cells exposed at the level of 1 roentgen. So
that you see in terms of a system that we

knowthat leads to immediate radiation damage
in terms of the killing of cells associated with
radiation effect, that both the genetic effect and

the killing effect of cells per roentgen are the
same order of magnitude, and thus we can very

easily see a unifying bridge between these two
systems of information that we can study.

In one case the manifestations per surviving
cell are rather subtle in character, and in

another effect with relatively large number of
cells killed as you would have about the 50

percent lethal dose of radiation exposure which
extends from. about 200 to about 500 roentgens,

depending upan (lie species, a very large number

of cells killed, aid of course quite a great
physiologic geucration of symptoms involved in

such effort.

In Ceriof the recovery potentiality of these

particuli, tissues, the lymphatie cells, the

marrow, vou have a great eapacity of these

cells to regenerate and replace the damaged ones

that «re killed. As a matter of fact, the daily
replacement of such tissues anyway is of the
order of 10 percent replacement por day. So
even at the levels of one r, 10 r or 100 r, the

radiation induced damage is not an enormous

burden compared with the ordinary replace-

ments of such cells in such tissues. So if this

were the level that we could view radiation
effeet, 1 think we could be quite comfortably
assured by the fact that the tissue potentiality
of replacement is one that would lead us into a
threshold effect of radiation and a very com-
fortable one, because we ought to be able to

replace thege cells, The trouble in the problem
as far as radiation effect at subtle levels is

concerned, that the cells that do survive very
likely will carry with them the same quantita-
tive transformation of the nucleic protein
structure as the germinal cells in terms of
mutation.

This would then be per roentgen at the gen-
eration of 1 or 2 new mutations per 1,000 cells.
So that the surviving cells that fill and replace
the celle that are damaged supposedly survive
with this kind of a transformation of their
inherent vitality. I think that this is where the
genetic effects of radiation have a great deal in
common. As far as we know, in critically

testing these systems, we can be uncertain as

to whetherthelife subtracting effect of radiation

is entirely linear in terms of whether a divided
dose or a single dose give the same effect.

Dr. Blair has just shown you some results on

this. There is an entirely allowable viewpoint

that a single dose may have 2 or 3 or 4 times

the effect of a smaller rate of dose. But the
statistics that all of us have to work with are so

limited in their character that it would still
permit a more unifying viewpoint that it does
not make any difference for the life subtraction   
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effect as to whethertheeffect is given all in one

dose or is fractionated.

This, of course, is the viewpoint that one

largely takes for (he total mass formationof the

total genetic offects from radiation where the

total transformation of the genetic information

is per roentgen and does not depend upon

dosage rate.

Howwoefinally interpret the life subtracting

effects of radiation, I do not know. It would

be very, very tempting at this time to place

the whole aging phenomenonin terms of acqui-
sition of transformations of the cellular infor-

mation on @ mutational basis so that wo could

explain it on the basis of somatic cell mutation,

accumulating with age. Tt is such a tempting

system, indeed, because almost all the data that
we have to work with fit. Nowever, thore is

still another thing that we can work with from

the standpoint of change with age onirreversible
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effect, and thatis the absolute numbers ofcells
that may be involved. The amounts may be a

qualitative difference in the kinds of cells that

are left on the average after radiation exposure,

andareleft on the averageafter the aging effect

proceeds,

There may bea changein the absolute num-
her of cells that. survive within a given indi-
vidual cither as a function of age or radiation
exposure, The best information we have along

this line is {he information that Nathan Schott
of Baltimore has collected for man, which

strongly suggests that for such tissues as the
kidney, and perhaps the body as a whole, that

there is a decrease jn active cell numbers
amounting to about a 6 percent decline per

decade for human tissues. This follows quite

linearly over the whole of the measurable life
span. So a combination of this perhaps with

the change in the vigor of cells would certainly

IRRADIATION DOSE
GROUP TOTAL r

410
14
843
687

1000
NONE

EAGH POINT IS THE AVERAGE COUNT OF TEN
ANIMALS UNLESS MARKED IN PARENTHESES

10 '2 14 6 {8

WEEKS POST IRRADIATION

RED BLOOD CELLS, IRRADIATED AND CONTROL SURROS

Fiaure 1.—Red blood cells, irradiated and control burros.
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account for what we know about thelife span

and permit us to have a unifying attitude.
Dr. Bertin. Colonel Trumis up here from

Oak Ridge, and informs me he has some ma-

terial which is pertinent at this time. I will
now call on him.

Col. Trum (Division of Biology and Medi-
cine, AEC). Before I can make up my mind

that there is a single common denominatorto all

of this, I must at least note that individual

animals and individual tissues of animals, as
well as specific specics differences suggest a

series of unrelated damages. Everyone who
has spoken on this has put their finger on this

® (4)
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at one time or another in some offhand state-

“ment.

Because ] happen to have available, and I

know from conversation that at least Bond,

Sacher, and Storerare interested, I would like to

present a fewslides.

The doses shownon theslide are “free in air
doses." They are so stated because at the

time the experiment. started we believed this
to better represent the conditions found in a

trne ‘fallout field.” We were unaware that
there may be a flat depth dose existing during

the critical high imtensity period, as demon-

strated by Vic Bond yesterday. We are still

IRRADIATION DOSE
GROUP TOTAL

a0
1184
843
687
1000
NONE

EAGH POINT IS THE AVERAGE OF TEN ANIMALS
MARKED IN PARENTHESES

10 {2 4 6 18

Ficure 2— White blood cella, irradiated and control burros.
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looking for more information of this type,
However, if you use these dose data it must be
kept in mind that they are “free in air doses.’
On Figure 1 you will note that the decrease

in number of erythrocytes has reached npermal
levels in survivors of LD-50 studies at the end
of several weeks.
However, as maybe seen on Figure 2, in the

same group of animals the lymphocytes had
returned only to 50 percent normalat the same
time, and as we can see in the followingslide,
the lymphocyte countdid not approach normal
for 2 years post irradiation.
These happen to be the results of work on 20

burros and yet this is true of all survivors. We
know of no similar data on groups of animals
with sucha longlife expectancy.

% OF NORMAL

loo

Now, note that two animals, survivors of
LLD-50/30 studies, and apparently on the road
to recovery, suffered reverses, Although one
had received 300 r and the other 530 r, both
were in radiation groups of 10 in which no
acute radiation deaths oceurred—in other
words, nonlethal doses. These animals died
of radiation sickness 2% and 3 years after ex-
posure (fig. 3). At this time it was predicated
from the post. irradiation history that another
animal that received 350 r at increments of
25 r/fwk would probably die within the next year,
Col. Rust informs me that this animal died
about 4 years postirradiation,
The results of an experiment in which swine

were given 600 r (air dose) of gammaradiation
is illustrated in Figure 4. They were allowed

 

YEARS AFTER EXPOSURE

Fioure 3.-~ Hematology of burros— Years after exposure.448029 O..58——9
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WEEKS SURVIVAL

Fraure 4.-~Death pattern of swine following trradiation.

100 days recovery and reexposed at 50 r a day
until death. There are several interesting
things here: The previous dose has an effect

at least on early deaths; the previous dose

affected the spacing of deaths, bunching those

with the higher previous dose; spacing those
with the least: previous dose; one animal was

able to accumulate nearly 18,000 r 50 r/day

before death.

 

There is no question of the swine’s radiore-

sistance, for both the Navy Group and UT-

AECgroup have found that the swine responds

to acute radiation exposures similar to all other

comparable animals.

In summary, can all of these variables be
lumped and statistically treated as a single

factor called “life shortening’’?

     

Topic IV

External Beta Radiation

 



  

MATHEMATICAL AIDS IN THE UNDERSTANDING OF THE
BIOLOGICAL HAZARDS OF RESIDUAL RADIATION

By Lt. Col. James T. Brennan, MC

Walter Reed Army Medical Center

Tn attempting to cope with radiation hazard

problems, many a biologist has, like the writer,
found that a meager working knowledge of
mathematics places a frustrating upper limit on
one’s insight into many important situations.

The mathematical treatmont of the idealized

contaminated plane surface is an example of
this difficulty, A reference which is commonly
cited in this connection is “Effects of Atomic
Weapons,” page 432 ff. The treatment given
therein is by and for mathematicians, and as
such is beyond most biologists and nearly all
physicians. In 1951 C.S. Maupin [1] developed

an expénded version of the analysis which ap-
pears useful in that it might significantly
inercase the number of biologists who can

follow the derivation, This expanded version
has not heretofore been published and is shown
below (see fig. 1).

Consider a point P at a height 2 above a

uniformly contaminated circular disk of radius

a. Let the concentration of radioactivity be

such that there are k photons, each of m (Mev)

energy emitted (equally in all directions) per

em? of surface. Then the number of Mev
emitted from the infinitesimal area rdrdé@ is
kmrdrdé. The number of Mev reaching point
P per unit time from this small area will be

dene“VFhidrag
det

where » is the total narrow beam absorption
coefficient in air for photons of energy m.
From this point on, no attempt is made to
follow the fate of scattered photons. Ultimately
this causes the estimate of dose at point P to be

\

\
/

/

ar-7   ‘ee me cee

Friawre 1.

low (30 percent low when 4=6 meters, 10 per-

cent low when h==1 meter). But to return to

the analysis, the energy flow reaching P from

the entire disk will be

 

__km 7 ft reneee
Soeoe

Integrating with respect to 8,

25, rh

Conversion to dose in roentgens at point P

may be made at any time by means of simple
assumptions such as that one roentgen is de-
livered by a flux of 10° photons/em?,

127
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The problem remaining then is to evaluate
the geometric factor:

2 poyBPEeeeoH

Let gy?fi=2. Then wr'+ih=Z? and

—

iog| % of Totals El(uh)PAYA El (- «Jah ) e

2uindr= Z, or rds we ° Solid wave calculated (Moupin} /
Pointe read from EAW Fig.026 /
(both neglecting build-up foctor) /

/

 

This change in variable requires a change in

  

    

      

 

 

limits as follows: lo “

When r=0, z=uh Including build-up factor
When r=a, z=pfa?--h? I as in Ref.(3)——_y“'
When ro, g= @, : “

2
2

to 50* rete _ VEEP pe~tdz

J “FFE =f a
ale

% of Dose ———

From the theory of limits

Yeti pe Fieune 2.-—- Percent of total dose as a function of r (h==1BY OTN ¢

== —— dz. meter).
oy 2

Thefigure of 8 meters is more plausible if“one
considers the cage of two narrow rings of width

foreae=f ferde~f. S(eddz.
y y %

The two integrals on the right are of the form

f, ” eo de=—Ei(~2)
4 2

Ar as in Figure 3.

which has been evaluated by Jahnke and Emde.
Therefore:

VGH pe © ert eet
f zr dex"a z dz

=Bi(—nJeFh)—Ei(—ph).

The physical meaningof the limits is that the
area of the disk in question is the difference in
areas between r=0 to ©, and r=@ to ~. .

A specific application of this analysis is given in

Figure2. .
A useful conclusion to be drawn from Figure 2 is

that 50 percent of the total dose at P comes

from an area of radius 8 meters. This is
rather less area than one might gucss consider-
ing that: the mean free path of the photonsin air and lim =7!
is ~ 100 meters. Ars Tr

Pe im the plone
of the rings

Fiaune 3.---P, in the plane of the rings.

The ratio of the area of the two rings is:
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Thus the areaof a thin ring is proportionalto its

radius, but the contribution (o dose at P, is

 

Thus, dose-wise, the relative importance of a

ring is inversely proportional to its radius.

Theeffect of air absorption is to further depress
the importance of distant rings. This latter
depression is only partially compensated for by
scattered rays going through P,. This may
help to make the figure of 8 meters seem more
reasonable.

The similar case of two thin spherical shell
sources is of interest. If the shell volumes are
VY, and V,,

Vy __4f8a[r+Ar)?—r5]

Va4/8e[ (Got Ary—ry4]
 

_or3rAr+Ar? on?
aretorrart ondlim=7,

Contribution to dose at the center of the sphere

Vary?is « ~+A—=1,
Var?

Thus, spherical shells of equal thickness make
equal contributions to dose at the center of a
sphere, regardless of how large r may be. This
conclusion is geometrical only, of course, and
neglects scattering and absorption. Hence in
the case of internally deposited gamma emitters,
seatter is much more important than it is with
the plane source.

In the case of a one-dimensional, or line
source, the relative contribution by any incre-
ment of line is inversely proportional to the
squareofits distance from the point of measure-
ment.

To those schooled in the exact sciences this
sort of explanation may amount to belaboring
the obvious. It is hoped that biologists who
find such exposition illuminating will be for-
given.

In April 1949 Condit, Dyson, and Lamb [2]
mede the first calculation of the ratio of beta

dose to gamma dose near a plane contaminated
withfission products. The approach was very
simple and-amountsto saying that if two betas
are emitted per gammaphoton, and if the
energy loss per unit path length for the beta
particle is about 75 times that for the gamma,
then the cnergy absorbed per unit volume
(cx dose) will be about275 == 150.

Slightly modified the derivation was as
follows:

E,=Ee~™ for both betas and gammas

where #,=Energy flux at a distance z from
the source

E,= Energyflux at the source

+=Energy absorption coefficient

z== distance from source

Dose is closely related to the space rate of
energy loss:

dE, »
Geet

Forbetas, 7 is replaced bythe energy absorp-

tion coefficient x, which is obtained from
empirical formulas

Ha 22

«Ey

where d==densityof absorber in gms/em’.

For gammas, + is replaced by o,=3.5X
10-5 em7},

Then the desired ratio of doses is:

ope 130 near the ground.

This result was not widely known until

about the time of Operation Greenhouse in

1951. In general, it was known from the early

radium and radon days that gamma dose near
a beta-gamma emitter is apt to be relatively
negligible by comparison with beta dose.

Using the same geometrical analysis outlined
in reference 1 above, reference 2 continued on
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showing that at about 6 feet above a con-

taminatedfield

e droppedoff to about 13013.
Y

This result was the cause of a great deal of

uneasiness within the Radiological Safety group
during Operation Greenhouse because the
instruments were, as usual, measuring and
recording gamma dose only. It was suggested

that if reference 2 had included the effect of
Compton scattering of gamma rays in air,

perhaps the beta/gamma dose ratio would be

less alarming. For this reason, in reference 4

an atiempt to include buildup or multiple

seattering factors was made during Operation

are not possible if buildup factors are to be

considered. The approach used in reference 3

was a laborious numerical integration using
certain empirical measurements of a buildup
factor (4) that had become available. An

example of how gamma dose at point 7 was

obtainedis given in Table J.
The contaminated ground was divided into

unequal ring increments as in column 1.
¢ in column(2) is the net geometrical atten-

uation factor.
Column (4) is the good geometry, narrow

beam absorption factor.

Column (5) was obtained from White [4].
In that work White used a Co” source and a

water absorber, but the results were used in [3]

 

 

 

Greenhouse. Simple analytical treatments without modification.

Tasty L—-GAMMA DOSE h=6 meters

ay @ ® w (6) @ m ®

nteremet © game, aeemear| Maui| Bensageor| eantre| eins
din om. increment. meter of radius

0. 09 602 0, 94 10 0. 08 0. 08 0. 72
~ 25 608 94 10 24 .24 2.16

-37 618 94 10 2385 . 35 3. 15
45 632 194 10 42 42 3. 78

. 50 650 94 1.0 47 47 423

. 52 671 204 190 49 49 442

1.03 922 91 10 . 94 47 8 46

97 1081 . 90 Li ~ 96 - 48 8. 64

.37 1616 . 86 Lt 3. 50 35 3L 5
«24 2571 79 1.2 2, 28 . 24 20, 5

18 3551 71 13 1, 66 . 16 14.9
14 4540 . 65 L4 1,27 14 114

2.09 6059 - 56 15 176 - 09 15.8

L. 67 8022 47 L7 1,25 . 06 13
1, 80 10479 387 2.0 1. 33 - 04 12.0
1,42 13514 - 28 23 , 89 - 03 80

Lid 16511 24 26 . 62 02 5.6
a7 10509 16 30 47 . 009 42

1. 09 24007 .10 3.5 - 38 - 006 3.4
1,44 27500 07 40 ~32 . 005 2.9

97 32500 . 05 4.8 28 . 003 21
. 84 37500 . 08 5.4 14 13

. 68 42500 . 02 57 . 08 av
450-500... ee ee eee eee . 66 47500 OL G4 . 04 4

Total. ..-----~.----..f--------- |e eeeee feneee wee eee [ewe nee eee eee   
A sluilar table 1s necessary for each height desired.

   
Comparison of column (5) with column (8) indicates that scatter secountsfor about 30 pereentof the total dose at P.
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Column(7) takes into account the fact that

the increments chosen are not of equal width.

In column (7) note that for a height of 6

meters, maximum dose delivering efficiency

occurs at about the 6-metor radius.
In column (8) about half of the dose comes

from inside the circle r==30 meters. For h=1

meter 50 percent comes from inside {2 meters

(see fig. 2). Thus the net result of [8] was to

show that inclusionof multiple scattering makes
a militarily significant change in the total
gamma dose but does not radically change the
conclusions of Condit, Dyson, and Lamb re-
garding the beta/gamme dose ratio.

Comparison of columns (4) and (5) shows
how buildup only partially compensates for
absorption.

Beta dose in reference 4 was calculated using

the method of Parker [5]. This is again a
numerical integration method using, this time,

equal ring increments. Distances greater than
6 meters were not considered significant. The
distance for each ring is taken as d,, the dis-

tance to the midpoint(see fig. 4).

Pp

he ( meter

 4m

Rog wo. OO 9 @ 6 G
Beta dose at point P

Fraure 4.—~Beta dose at point P,

Calculating beta dose in this manner, and

gamma dose as in Table I, gave beta/gamma
ratios which were not significantly different
from those in reference 2.

Operation Greenhouse marked the end of

what might be called the primitive era, since

immediately afterward the AFSWP staff in

Washington began to expend greater effort on
the mathematics of fallout radiation.

For some years prior to 1952, the National
Bureau of Standards group (Fano, Spencer,

et al.) had been developing a mathematical

theory concerning the penetration of X-rays

through thick barriers. At the request of, and

in cooperation with, the AFSWP mathemati-
cians, the NBS theory of multiple scattering

has been applied to the calculation of gamma
fluxes in air at points abovea plane,in a foxhole,

and so forth. This work continues even now,
and the writer has the impression that the

theories used are fundamentally powerful

enough to give satisfactory mathematical solu-
tions for any foresecable military medical
problems due to fallout: hazard.

In 1955 the multiple scattering theory was
applied to beta particles [6] and another theo-

retical treatmentof the same subject. appeared

(7}.
These later, and professionally competent

mathematical approaches yield results which
agree with the physical measurements that have
been made to date. So far as comparison is

possible the results are notin disagreement with
the conclusions reached in the crude attempts
previously discussed.

British and Canadian documents have be-

come available in recent years which show that

their theoretical conclusions and field measure-
ments are essentially the same as ours. There is
a wide spectrum of opinion regarding the opera-

tional implications of these conclusions.

The mathematical methods evolved by the

NBSgroupinclude the use of anelectronic com-
puter and, on the whole, appear to be beyond

the ken of anybiologist or physician now avail-
able to work on fallout hazard. In this situa-
tion, any progress on medical problems will
require that:

A. The biologists concerned will have to
accept. on faith mathematical conclusions

which they do not really understand.
B. The mathematician and the radiological

physicist will have to be patient and endure
diffuse and frustrating discussions of what

really needs to be calculated and measured in
order to develop an adequate medical policy.
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With regard to (A) above, acceptance “on

faith” has manyprecedents andis not, per se,
undesirable. The difficulty is that a lack of
understanding of dosimetry often has a curi-
ously ennervating effect on the biologist doing
radiation hazard work. He begins to feel that

all he does is feed the mice and count the num-
ber dead at the end of 30 days. Someone else
does the brainwork. Consequently, he drifts

off into some other field of endeavor. Carcer-
wise this is probsbly a sound instinct as far as
the biologist is concerned; but if the proper

solution of the fallout problem is, potentially, a
condition of national survival (as some say),

then the necessary minimum of capable bicl-

ogists and physicians must be kept in the effort.
One positive step that any biologist can take is

to meke a renewed attempt to understand the
mathematics involved. Even the “crude”

methods discussed earlier provide a degree of
understanding that can be had in no easier way.
With regard to (B) above,it is offered as one

opinion that, in order to arrive at a complete

medical policy regarding a fallout hazard,itwill
ultimately be necessary not only to calculate
and measure total beta and gamma fluxes, but
also to:

(1) Calculate and measure the polar dis-

tribution(i. e., direction) of those fluxesinair.

(2) Calculate and measure beta and gamma
depth dose in humansized animalsin a fallout
field.

If this seems to be asking a great deal, then

it should be recalled that the problem is impor-
tant enough to warrant the use of whatever

scientific resources are necessary to solve it
completely.
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DISCUSSION

James T. Brennan

Col. Brennan. I should like to stop here and

give the people in the audience who have
knowledge of other mathematical efforts that
are relevant a chance to please stand up and
mention them, and indicate what application

and significance they have to the hazard
problem.

I know of several. I know Naval Radiologi-
cal Defense Laboratory has direction measure-

ments on it. They are trying to get the theory
to go with it. I know Mr. Joseph Lindwarm
has mathematicians hitting that direction. I

today have been informed that the National
Bureau of Standards, who have by far the

greatest resources in this matter have under
consideration a general treatment of beta ray
penetration. They will come out with a gen-
eral theory. Whether or not this includes

direction, I don’t know. I wonder if I could
ask the gentleman from the Bureau of Stand-
ards, Dr. Wyckoff, to say a word aboutthat.

Dr. Wrcnorr. I relayed the few notes I had

from Dr. Spencer, but I amafraid I don’t have
anything to add other than the fact that they
have coded up some of the beta penetration
problems for the Standards Eastern Automatic
Computer and apparently are able to put in the
spectra of beta particles going into a shielding
situation, and will be able to obtain both the
dose distribution in the shielding and the flux
coming out. I don’t know if that includes the
angular distribution that you are interested in.

Col. Brennan. The theory for gammarays
on the other hand I do know does permit caleu-
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lations of polar distribution. It would perhaps

be an enormous job and extended effort in

applied mathematics to reduce this to tables
that could be used for a simple situation by

simple people for such things as a foxhole.
This is a goal worth striving for, and T think

one well worth financing. A good mathe-
matical theory climinates a lot of bad experi-

ments, and makes it certain that money will

never be wasted. Mathematics is about the

cheapest type of research you can do, J believe,
in return for dollar expended.

This is about all the ground I wanted to
cover with respect to how mathematics has

been applied and mightbe applied to the resid-

ual problem. Are there any further questions
or comments? Particularly, does anyone know

of mathematical efforts thatare relevant?
Capt. Zerumer (School of Aviation Medi-

cine). J believe there are efforts being directed
to measure the angular distribution of gamma

andneutrons, atleast, in the forthcomingfield
test, using columnators with solid angles

trying to obtain the angular distribution in the
hemisphere.

Sol. Brennan. Is this prompt radiation or

residual?
Capt. Zetumer. Prompt. I imagine there

will be some delayed and scattered radiation

also, and some immediate fallout, because they

won't be able to get to the columnators for at

least. two hours.
Col. Brennan, We might have a word from

NRDL. 1 know they have a definite interest
in this activity.

Dr. Terest (NRDL). We wrote about two

or three technical memorandaonthis particular

subject of the beta to gammaratios, both the
beta particles to gammaphotons, and the beta

 

radiation dose in terms of rep to the roentgen.
I might say that we discussed there this mathe-
matical treatment for the gamma and also
pointed out the fact that you do have variation
in the dose duc to the variation in energy with

time, I don’t think Dr. Brennan pointed this

out. However, I think it is obvious when you
try to go from the equation to the determina-
tion of dose rate that you would need the actual

gamma energy there to determine this. That
does change with time.
We discussed this particular thing in these

papers that we wrote up, and also the fact thet
your beta to gamma-—-that is beta particle to

gamma photon—ratio will change with time.
As a matter of fact, if you calculate the beta to
gamma ratio for time about 2 to 3 years you
will find that there will be about 8 beta particles

to a gamma photon. This is approximate.
Therefore, going back te the simplest relation-

ship, 2 times 75, that would be 8 times 75.

So that for very long times after detonation,
you will get or should get tremendous ratios of
beta rep to gamma roentgen.

I think that is about all I wouldlike to discuss
al the present time.

Col. Brennan. Thank you very much, Dr.
Teresi.
The British have emphasized this. I omitted

to say that these calculations do not apply ex-

cept at times between the beta-gammaratio is
two particles per photon. There are two

British articles. Have you seen them?
Dr. Teresr. Yes.
Col. Brennan. They emphasize the fact

that after one year the beta goed up by a

factor of about four. They had a report in
which they had measurements which support
this.

 



 

THE EFFECTS OF FALLOUT RADIATION ON THE SKIN

By Ronerr A. Conanrp, M. D.

Brookhaven National Laboratory

Fallout may be classified as the “worldwide”
or the “close-in’’ type

Worldwide fallout results from the dissemina-
tion of minute particles of radioactive material
from nuclear detonations which slowlysettle out

from the stratosphere and troposphere over the

world. Due to the great dilution of this type
of fallout and to the loss of activity with time
evolved it does not impose a hazard to the skin
but may result in a long-term hazard from

internal deposition and possible genetic effects
from low level irradiation.

Close-in fallout is most likely to result from
large atomic detonations in which the fireball

comes in contact with the ground, causing

large amounts of material to be drawn up into
the cloud where the radioactive products adhere
to the ground particles. Due to the relatively
large size of these particles they may then be
deposited within several kundred miles of the
detonation. With this type of fallout there is
areal hazard not only to the skin, but also from

whole body penetrating radiation and from
internal absorption of radioactive materials.
The nearer the site of detonation that fallout
occurs the greater is the hazard. The nearer
fallout takes place earlier and is therefore more
active due to having undergone less radioactive

decay and it is more concentrated since larger

amounts (particularly larger particles) tend to
fall out first.
The accidental exposure of some 240 Mar-

shallese, 28 Americans and 23 Japanese fisher-
men during Operation Castle, March 1954,
affords our most extensive experience with fall-
out effects on the human skin and in this talk
frequent references will be made to data ob-

tained on these people [1, 2}. Several other

cases of human exposure to fission products or
beta emitting material either accidentally or
experimentally have heen reported [3-8]. Skin
lesions in cattle and horses have also occurred
fromfallout following experimental detonations
at Alamogordo and in Nevada (9, 10]. Rather

numerous experiments on the effects of beta

radiation on the skin of animals have been re-
ported and these data will be referred to, also
[1115].

First, some of the physieal and biological
factors related to skin damage from fallout will
be discussed. The chemical and physical make-
up of fallout will vary according to the type of
terrain or soil over which the detonation orcurs.
All fallout is particulate in nature, butthe size
of the particles will depend to some extent on
the physical and chemical characteristics of the
soil. The fallout associated with the Castle
detonation, March 1, 1954, was a white, pow-

dery material largely composed of incinerated
coral. Aside fram the radioaclive component
the calcium oxide of the material was in itself
irritating to the skin due (o its caustic nature.

Moreover it was probably partly dissolved in
the perspiration on the skin thus increasing its

irritating action. (Incidentally, this may have

enhanced the radiation to the skin by bringing
the radioactive materials in closer contact with
the skin.) Fallout produced from other types

of soil, other than predominantly coral, might
vary considerably in chemical and physical
makeup andirritation to the skin. Color and
particle size would also vary. For instance

siliceous type soils would probably form much
less irritating fallout.

It goes without saying that for fallout to
resultin gross skin damageit would have to be
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sufficiently concentrated. It seems likely that

the occurrenceof fallout would have to be visible
to result. in such damage. Forexample, in the
Marshall Island experience, the extent and se-

verity of the skin lesions were directly related
to the amount of visible fallout and on Utirik,
the least. contaminated island of the inhabited
group no fallout was visible andno bets lesions
of the skin developed.
The particulate nature of the material pro-

duces spotty distribution on the body. The
Marshallese claimed that the material adhered
closely to the skin and was difficult to brush
off. This was borne out by the difficulties of
complete decontamination. Areas of the body

where perspiration is greater such as the neck
folds, axillae, antecubital fossae etc. caused

the material to stick and lesions were more
predominant in these areas. The hair tended

to collect, the material also, particularly in
view of the cocoanut oil hair dressing used by

these people, which made decontamination
extremely difficult. Clothing, even a single
layer of cotton material, afforded almost com-
plete protection as evidenced by the fact that
alinost all of the skin lesions developed on
exposed parts of the body. The loose clothing
warn would not have accounted for more than
about a 25 percent attenuation of the radiation
so that the protection must have been due in
part to the fact thattheloosely fitted clothing
tended to hold the radioactive material away
from the skin. It is also possible that the
material did not stick to the clothing as well
as to the skin.

There are certain biological factors known to

influence the sensitivity of the skin to radiation.

In addition to species differences, it is known
that the skin of certain parts of the body is

more sensitive than that of others. In general

the thinner-skinned flexor surfaces of the body
are more sensitive than the thicker-skinned
extensor surfaces [16]. This was found to be

true in the Marshallese since lesions were more
prevalent on the front and sides of the neck,
axilla and antecubital fossae. Another factor
is associated with pigmentation of the skin,

Darker-skinned people, brunettes, are known

to be less sensitive to radiation than blends or
people with ruddy complexions [17]. A factor

which was pointed outearlier is that areas of

the body where perspiration is more profuse

causethe fallout to collect resulting in greater

skin effects.
Sources of radiation ta the skin.- Damage to

the skin results largely from the beta com-

ponent of the fallout in view of the fact that
the beta-gammaratio is quite high, All of the
energy of the beta particles entering the skin

is absorbed in the skin. Soft gamma rays
accounts for some of the radiation dose to the
skin, and the harder gamma rays contribute
least since they are more penetrating. The
skin dose results from two sources of beta
radiation, the fallout material in direct contact

with the skin and the material on the ground.

1. Contact source.—The spotty distribu-
tion and particulate nature of the fallout in

contact with skin results in multiple point
sources on the skin, By far the greatest

part of the skin dose comes from this source.

Radiation is largely from the skin surface.
However, the possibility must be considered
that a certain amount of percutaneous ab-

sorption may take place and some penctra-

tion into the dermal region via the hair
shafts, sebaceous and sweat glands may

occur. The Castle fallout contained about
10 percent water soluble fission products, some

of which might conceivebly have been ab-
sorbed percutaneously. Whitten et al. [18]
have shown that thorium-x applied to the
skin results in some percutaneous absorption

and entry into the hair shafts and glands.
Weintend to investigate this problem with
fission products on the skin by means
of autoradiography.

2. Ground source-—A certain amount of
the skin dose mayresult from beta radiation

from the fallout material on the ground.
This contribution is likely to be far less than
that from the contact source. The lower
parts of the body will receive the greater

part of this radiation since the beta particles

are completely stopped in 2 meters of air.

* Snider and Raper.
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Estimation of beta doses to the skin from
fallout is an exceedingly complicated problem

and I will leave the main discussion of the sub-
ject to other speakers. The degree of skin
reaction and damage is more dependent on the
depth dose than on the surface dose of beta
radiation and the depth dose is dependent on
the energies of the beta particles of the com-

ponentisotopes. Thus soft radiation confined

largely to the dead horny Jayer and upper
epidermis would be relatively ineffective in
producing a reactionin the skin; more energetic

radiation, penetrating through the epidermis,

could result in transepidermal necrosis; and

deeper penetration into the dermis could result,

in more severe ulcerating Jesions. Each radio-

isotope has its own characteristic spectrum of

energies with a maximum energy, but since

relatively few particles are of this energy, the

average energy, which is roughly one-third of

the maximum energyand the 50 percent atten-

uation in tissue are more micaningful in esti-
mating skineffects.

Figure 1 shows roughly the 50 percent atten-

uation in skin of several isotopes. With the
same surface dose the more energetic beta
emmiting isotopes will naturally result in

greater damage to the skin.
Table 1 is made up of data from animal

studies from several investigators and shows
the energy dependence of betas from various
isotopes in producing recognizable skin reac-

tions. Note that the surface doses for thresh-
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Figure 1-40 percent attenuation in skin (microns),

old reaction (erythema, epidermal atrophy) are

fairly dependent on the energy of the beta

particles of the various isotopes. Thusit takes
20,000-30,000 rep from S® (average energy 0.1

Mev.) to producea reaction while it only takes

1500-2000 rep of Sr®-Y" or Y" (average

energy 0.5-0.6 Mev.) to produce the same
reaction. It is of interest that Moritz and

Henriques found that the dose at 0.09 mm.

depth of the pigskin (estimated to be the
epidermal thickness) was constant within

several hundred rep to produce transepidermal
injury [15]. Wilhelmy has also noted thatit

takes roughly the same dose of electrons and

soft X-rays at the level of the subpapillary

layer to produce erythema[19]. On this basis

Taste 1—SURFACE DOSE REQUIRED TO PRODUCE RECOGNIZABLE EPIDERMAL INJURY
 

Investigator
 

Average en. |Surface doso (rep)
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Raper and Barnes... ...- . L -
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Moritz and Henriques .
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pa -6 5, 000
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se - 05 20, 000-30, 060
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os 5 1, 500-2, 000
ye -7 1, 500-2, 000
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Parker has advocated the use of beta detecting

instruments with chamber walls corresponding

in milligrams per square centimeter to the
thickness of the relatively inert epidermal
layer {20]. Thus in expressing skin dosage it

is probably more informative to use the depth

dose at the depth of the epidermal layer of the
skin.
The above table also indicates the species

difference in skin sensitivity to beta radiation.
Rabbits and sheep required larger doses than
mice to produce the sameeffect with roughly
the same energy beta. Porcine skin, which is

reputedly more like human skin than other

animals, apparently is more sensitive than the
rabbit or sheep skin. Some of these differ-
ences, aside from species differences, may be
due to variation in thickness of the skin of

different species and differences in techniques

used. .
Table 2 shows beta dosage data from some

human experiments and accidents found to

produce various effeets on the skin. These

data must be interpreted with great caution

due to differences in experimental techniques
and dosimetry. The severity of the skin

reactions is represented by degrees. A first.
degree reaction implies erythema and/or dry

desquamation; a second degree, transepidermal

necrosis with ulceration; and third degree,

furthor breakdownof the skin with the develop-

ment of chronic radiation dermatitis. It can
be seen that there is a considerable variation in
dose reported to produce the various reactions.

In the Marshallese the skin dose could not be

estimated with any degree of accuracy due to
the complicated smear of beta spectra varying

with time and the uneven distribution of the

material on the skin.
The beta component of the fallout was found

to have two major peaks of energy, one at 100

kev which accounted for 50-80 pereent of the
activity and one at 600 kev which accounted

for 20-50 percent of the activity [1]. Fifty
percent attenuation of the 100 kev component

oecurs at aboul 80 microns, about the depth of

the epidermis. Fifty percentattenuation of the

600 kev componentoccurs at about 800 microns,

fairly deep in the dermis; deep enough to

irradiate many of the hair follicles. The

relatively soft nature‘of the radiation was borne

out by the superficial nature of most of the

lesions that developed.

A vory rough biological estimate of the dose
ta the scalp of the Rongelap people might be
made by using the index of epilation. It is

knownthat with 200 kvp X-ray a dose of about
400 r is necessary to produce epilation, and

doses above about 700 r produce permanent.
epilation. Since regrowth of hair took place

in the epilated Marshallese the dose to the
hair follicles must have been in the above range.

This dose must have been largely from the 600

kev component. Therefore the surface dose
from this component must have been 4 to 5

times higher or in the range of 1,600-3,500 rep.

The surface dose from the more abundant 100

kev component musthave been muchhigher, by

Tas. 2.-HUMAN EXPOSURE TO BETA RADIATION
 

Investigator Rodiation Eat. dose (rep) Reaction
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a factor of 5, 10 or more, bul. with very Httle
penctratian.

Estimations of the dose of skin irradiation
from ground source heta has been made by

Sondhaus[1].

Hf no shielding occurred and exposure is

considered continuous the dose at the level of
the dorsum of the feet was calculated to be
about 2,000 rep, at hip level 600 rep and at

head level 300 rep. This source of radiation

was apparently insufficient, alone, to produce

any lesions, though it probably contributed
significantly to the severity of the foot, lesions

observed. With larger amountsoffallout, radi-

ation from the groundsource could be sufficient
in itself to produce skin lesions.

Actte effects of beta radiation an the skin. - In
general beta radiation effects on the skin are

similar 10 effects produced by more pene-
trating radiation such as gamma, or X-radiation.
However, the less penetrating beta radiation
produces more superficial lesions with less
damage to the dermis. Consequently thoy are

usually less painful and heal more rapidly.

The time sequence of development of beta

lesions from fallout varies considerably with
the dose to the skin. A primary erythema may
or may not be observed beginning a few hours

after exposure, This was not seen in the

Marshallese, perhaps due to the dark color of
their skin. During the first day or so itching,
burning,or tingling of the affected skin maybe
experienced. As was pointed out these symp-

toms might in part be due to the chemical
nature of the fallout. These early signs and
symptomsare usually followed by an asvmpto-
matic latent period before full-blown lesions
develop. The length of the latent period may
vary from a few days to several weeks which is

usually related to the dose to the skin; the
higher the dose the shorter the latent period.

In the Marshallese the mere heavily exposed

group developed skin lesions about a week

before less heavily exposed groups. Dueto the
particulate nature and uneven distribution of
the fallout on the skin the developing lesions
are likely to be spotty. A secondary wave of
erythema maybe seen along with gross changes

448029 0—58——10

in the skin. These changea maybe inthe form

of simple tanning, pigmentation, and mild

desquamation with low doses. This reaction
might be classed as a first degree reaction.

With higher doses vesiculation, complete epi-

dermolysis and ulevration may occur. This
severity of reaction might be classed ag a

second degree reaction. Spotty epilation may

oceur along with lesions of the scalp. Re-
growth of hair is likely with a second degree
lesion. Healing is usually accomplished within

a week or two with repigmentation of the skin

in milder lesions. Deeper lesions may heal
with some scarring and lack of repigmentation.

Chronic radiation effects.---Withlarger doses of
radiation chronic radiation dermatitis may de-
velop. These lesions do not heal well and on
healing may break down and ulcerate again.

Badly scarred skin with telangiectatic vessels
may result. These severe reactions might be

classed as third degree reactions. Repeated re-

pair and breakdown mayoceur duc to instability
and poor vascularity of the dermis. It is in

skin of type that malignant change may later
take place.

Malignant changes in the skin has been ob-
served in animals as a late effect: of beta

irradiation of the skin and presumably could

also occur in the human skin. Though malig-

nancy usually develops at the site of chronic
radiation dermatitis, as a result of repeated ex-

posure to radiation it has been reperted to

occur in animals following a single exposure to

beta radiation with little or no chronie change
in the skin.

Treatment of acute beta lesions is mainly

symptomatic. With mild lesions, daily cleansing,
application of bland antipruitie ointments and

lotions may be all thatis necessary. For more.
severe ulcerating lesions, cleaning with daily

dressings, splinting and use of antibiotic oint-

ments or antibiotics parenterally in case of

secondary infections may be indicated. The

use of Aloe Vera plant applications is claimed

by some to enhance healing of radiation burns

(21). Lesions of chronic radiation dermatitis
may be quite painful and the only effective
therapyin such cases is carly skin grafting (22).
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' Figures 2, 3, 4, and5 illustrate typical lesions TH ne ai f REFERENCES
| / {\ in the Marshallese people.

  

Tn conclusion I wouldlike fo summarizea few
: things we have learned about the effects of

fallout on the skin, largely as a result of our
Marshallese expericnce:

1. The best prophylactic measure, of
course, is avoiding getting the fallout on the

 

Fieurn 2.—Beta radiation lesions of the feet at 4 weeks
after exposure.
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Fiaune 3.—~Samecase in Figure 2 at 6 months after

exposure,

il

 

Fieure 4.—Epilation in 7-year old girl at 28 days.

Case No. 72.

skin by taking shelter or covering as much of
the bodyas possible with clothing. Prompt
decontamination of the skin by thorough
scrubbing with soap or detergent and water is

of extremeimportance. Ifthe hair is seriously
contaminated anddifficulty is encountered in
decontamination, shaving of the head is
indicated.

Tn the Marshallese certain factors afforded
protection against the developmentoflesions:
(1) Shelter, (2) Bathing, swimming, wading,

(3) Clothing. Certain factors also favored.

the development of lesions: (1) As pointed

out areas where perspiration is more profuse,

(2) Delay in decontamination, and (3)

Difficulties in decontamination.
2. Moderately severe beta lesions of the

skin and epilation may result from fallout
situations in which the whole body penetra~

ting dose of radiation is sublethal. With
such doses the skin lesions do not appear to

complicate the radiation syndrome.

 

Fieurr §.—Same case as in Figure 4 stz months after

exposure showing complete regrowth ef normal hair.

3. However, in situations where skin

lesions are associated with larger whole body
doses of radiation i. e. in the lethal range or
above, with greater homatopoetic depression,

the lesions would become more easily infected,

possibly affording portals of entry, leading to

bacteremia or septicemia.

4. Severe skin irradiation with minimal

whole bodyirradiation might result in situa-
tions where promp evacuation from the con-

taminated area occurred, but skin decontam-

ination was delayed. . '
5. Early skin and eve symptoms might be

mildly disabling during the first day or two
after exposure to fallout and later symptoms

associated with full blown lesions might be
quite disabling. Late effects on the skin in
the form of chronic radiation dermatitis and

malignancyare possible complications.
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~ DISCUSSION ON TOPIC IV

External Beta Radiation

Dr. Henspaw. A few years ago when at Oak
Ridge, we were studying the effects of beta
rays on rats and mice, and we saw lesions so

very much like this which were followed by
different kinds of neoplasias of the skin. The
interesting thing was that we saw these abnor-

malities and deformities of the skin of a variety
of types muchas described here, and then the
lesions after recovery and repair of the skin
had taken place there were points where tumors
began to form. These tumors were different.
in type. They represented every conceivable

level of maturation of skin tissue. That com-

bined with the fact that there were these other
abnormalities of the skin directed our attention
to the matter of the guiding forces in the skin
that tend to make it behave in one way or
another.
We had called to our attention rather force-

fully this morning the possibility of the effects

on the nucleus as being an explanation, first,
of tissue degeneration when there are extreme
mutations in the nucleus, and then in lesser

mutations the kinds of persistent effects. We
could see in these lesions this afternoon evidence
of a behavior of tissues which will certainly
differ from that of the usual traumatic kind of
lesions, such as a cut with a knife or a burn.
It was as though the guiding forces of the cells

workeddifferently and here were some that were
trying to do one type of thing, and others that

were attempting to do other kinds of things.
lf we should think of somatic mutations as

being @ partial explanation of what is happen-

ing and then think what would be the situation

if the radiation were distributed throughout

the body, perhaps we begin to get some basis
of an explanation of what the aging processes
are, andin relation to this, perhaps within the

same structure of explanation, some basis of

an explanation of the changes that led toward

maliguancy. That mutations take place there

is no question, But the dynamics of those
changes—-the dynamics of the tissue behavior
changes---with the modification in physiologic

gradients are things which may be very strong
and important forces for us to take into ac-
count in attempting to explain these various
kinds of processes that we are seeing.

Col. Brennan. Thank you very much, Dr.
Henshaw. As J recall, you have examples of
tumors from all different layers of the skin.

Dr. Hunspaw. Yes.

Col. Brennan. Every layer gave its own

type of tumor.
Dr. Hensyaw, Yes. Not only that, but

there were hair folicle tumors, gland tumors,

and other kinds of tissue expressions. There

were a few connective tissue tumors. When

we used more penetrating radiations those were

more frequent. Then the related observations

that when you have bone seckers you get the

bone tumors,so it is largely a matter of distribu-

tion of the radiation as to the kinds of malig-

nancies that oceur.
Col. Brennan. Thank you. Certainly ma-

lignancy is the big question to be watched here.
Perhaps when Dr. Conrad makes his 27th

semiannual visit to the Marshallese, we will

have the answer. (Laughter.)

Mr. Joseph Lindwarm of the Chemical Corps

has some remarks which are pertinent to the

general subject of beta, particularly with regard
to what the consequences would be to take

steps to avoid this sort of thing. Would you
please give us the benefits of your remarks.

Mr. Linpwarm (Army Chemical Center).
My comments on the beta hazard are being
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made not from the point of view of a biologist
or physicist, but someone who has been exposed

to Army operational requirements concepts, and

thinking over the past few years in thefield of

radiological defensein general.

My feeling is that many of the practical
problems of radiological defense of which beta
is one can be resolved most successfully by a
‘joint attack on the problem by research people

and the operational people with the research

people providing the basic information, Where
the operational people provide their capabilities
and limitations, which serve in many cases as a

framework in which part of the research and

development effort at least should be directed

to provide solutions to these very simple

problems. ‘This is no more apparentthanin the
ease of beta hazard. I think if we assume for
the momentthatas a result of the studies that

Col. Brennan recommended as to the beta
hazard, let us assume that they proceed to the

point where they indicate that in a fair number

of tactical or practical situations in the field,

there will be a beta hazard relative to the
gamma hazard.
The very real operational problem then comes

to the fore is, do you have to assess this hazard
in the field, and if you do, how do you go about

doing it? There are two schools of thought on

this particular problem. One says that you
have to have beta detection capability or
measuring capabilityin the field, and the other

school says the way to approach this thing is to

do some research and development based on
simplified geometry situations, and by means
of gamma measurements plus factors based on

field geometry, you can come up with a fairly
decent estimate of whatthe beta hazard will be
in these various situations.
The question as to which approach should

be taken appears to be dictated at the present
momentby operational limitations, rather than
technical limitations, If you can assume for
the moment that you do have radiological
equipment which can give you information by
means of a beta window reading, or what have
you,itstill brings up the point of how manyof
these instruments will be required to give you a

meaningful reading. The Army can only sup-

port so manyof these instruments, and so many

different types to do a given survey job.

At the present time their conceptis that two

gamma measuring instruments per company
will give them an indication of the contours in

the company area. T wonder how many in-

struments it would take of a beta detecting
ability to do the same thing in view of the fact

that you have such markedvariations. In the
beta hazard part of this thing, there is so much

variation of the beta dose within a given area,

if you are going to get a meaningful survey, it

seems to me you would have to take an awful
lot of instrumentation to do it. If you were
going to use beta detection for the other type

of beta hazard, the point contact which results
from personnel contamination, again the ques-
tion comes if you take a simple company with
250 men distributed in a forward area, how do

you go about monitoring every individual,
finding out whether he is contaminated, and
to whatlevel?
There are other practical limitations, and

that is the availability of personnel to do the

monitoring. The present concept in the Army
is that monitoring will be taught as part of the
basic soldierly skill. It will be taught to en-
listed men in basic training. It is not simple
now-a-days to get enlisted men to do ordinary
simple gamma measuring in the field. The

question of getting meaningful beta readings I
think is recognized even among people who

know what they are doing as a quite difficult
thing. Just how to interpret an instrument
reading with the window closed and open takes
quite a bit of interpreting.
Then thelast consideration as far as the prac-

tical limitation is concernedis that we know that
the instrument can do rugged work. We know
even in the hands of technical people these
windows have « habit of being punctured. If
you distribute these types of instruments to

personnel in the field, you stand a very good

chance of winding up with no beta detection
capability but without any gamma instru-
mentation as well.

I think certain operational capabilities and
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limitations must be thrown into the picture

fairly early in the gameso it indicates the di-
rection in which the research and development

effort might be more profitably directed.

Col. Brennan. Thank you. That was very
illuminating. Certainly no one can say in view
of the Marshallese and the other data are avail-
able that there is no such thing as a betahazard
as we used to think. The answers to the prob-
lems that Mr. Lindwarm poses certainly T don’t
know. J suspect from an efficiency point of
view, the Army and the Armed Forces and the
Civil Defense people should emphasize prophy-
lexis with regard to beta rays. The Mar-
shallese tend to maximize this information for
us by wearing few clothing, living out of doors,
a hot climate where theyperspire and so forth.
One can look at this and realize the undesira-
bility and seriousness of it, and perhaps take
care of it by enforcing simple measures, keep

your sleeves down, your helmet on, don’t go
in contaminated areas, and so forth.

The point contact can largely he avoided for
atleast military personnel by simplybattlefield
hygiene measures. The external beta com-

ponent, whether this has to be allowed for or
routinely measured or measured once in a

while, I think it is impossible to say at the
present time without more experimental data,
and a good deal more developmentof doctrine
and philosophy. I think the beta problem is

going to be with us militarily and civilianwise
for quite some time. :
There are many, many industrial hazard

situations in which the beta hazard has likewise
been sort of shoved in the background, and not

solved, because it was heard to approach.

There are many instances in which you have
insoluble particles in the air, many industrial

hazards that are regarded as gaseous and

liquid, which are really not. If the truth were

known theyare particulate and give the point
contact for a beta hazardif theyare inhaled.

Does anyone have any further comment?

Mr. Greene (FCDA). For some time we

havefelt that there was a need for making beta
Measurements, especially for certain types of

civil defense operations. The most. obvious

that I can think of would be reseue workers
who are working in debris and who would have
their faces and hands close to the sources of
radiation, It would certainly be important
for them to know whether they are working in
an area that actually has the contamination
in the debris where they are working or whether
the main source of radiationis from the outside,
From that standpoint we have felt that

there is a requirement for the measurement—-
and I use the term rather loosely—of beta
radiation and we have incorporated that into
our specifications. We actually have an instru-
ment that is now beginning to come off the
production line which measures beta. The
problem of fragility is certainly a serious one.
We therefore have not attempted to hava a
beta window as thin as the 7 milligrams per
square centimeter that one might ideally want.
What we have doneis used a thicker window,
and from work in Nevada, and work with Dr.
Failla, we believe we can get a portion of the
betaradiation whichis relatively constant with
time and from that portion with calibration
curve get someideaof the total beta radiation
dose.
Mr. Linpwarm. This fight has been going

on for so many years that it is funny. I

question the requirement why you have to

knowyou are operating in a contaminated area.

You have a gamma reading to tell you that.

You meanif voufind beta, you will take gloves
off or if there is none, you will take them off.

Mr. Greene. You are working with the

Chemieal Corps. You ought to know more

about it than anybody else. I was talking
aboutyourface and hands. Tf youare working

in rubble, you are close to the debris and your
faceis close to it.
Mr. Linpwarm. I doubt that there would

be any requirement at any time if you are

doing emergency rescue work to go in with a

gas mask for the simple purpose of protecting
your face. As soon as you got out you would
wash your hands andface.

Col. Brennan. Is the gas mask to protect:
from inhalation?
Mr. Greene. I was thinking of a mask to
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protect against the radiation. Mavbe it would

not bea gas mask. This illustrates our difficulty

of working with yourface covered.
Mr. Lainpwarm. 1 wonder about the payoff

of this thing, There are lots of things you can
do about it. The question in my mind is just
what the payoff is when you go to the trouble

of putting in something like that that might

wind up giving you something useless in the

long run.

Mr. Greens. Let me mention that if one

does use an ionization chamber at atmospheric

pressure, and it is not putictured, vou can still

use it. [ think we better fight this out some

other way.

“ol Brennan. This is a very interesting
angle and the whole point of looking at this.

Does anybody have any other comments?
Dr. Morcax (CORNT,). I didn’t want to get

into this argument, but 1 recall away back in

the Bikini days that they threatened to throw
meoverboard unless 1 kept my mouth shutand.

quit complaining about the beta-gammaratio.

Finally they gave me a crew of men and we
went out and made measurements and as I
indicated before on the topside of MFT ships,
we found values as high as several hundred. In
onecase it was as high as 700. In sucha situ-

ation it was common practice for the fellows

to sleep topside with lite or no clothing on,
and if they relied completely on the reading of

the gamma. instruments, say 1 re per hour, and
slept there through the nigh€ with 70 1 per

hour, they would have had quite a nice ery-

thema and would have euded up with ulcers

and other difficulties. So IT began then the

argument that under certain situations it is

quite vital that we do measure the beta-
gamma ratio or measure the beta dose even
though it is a difficult job. We do it in the
laboratory under all types of eonditions.  [t

can be done. I knowthat there are some prob-
lems but just because # job is hard to do, I

think is no reason why you should runthe risk

of sacrificing the lives of people.

Col. Brennan. J certainly would agree with

that. In general, then, the responsive action

would be to cither protect against it in lerms

of clothing or time or geometry, and be very

sure you have good protection or if you can’t

do that, you are prettvy much conumitted to

measure it. At least measure it often enough

to control the hazard, however difficult that

may be. That is at least the direction one

ought to go.
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INTERNAL DOSE FROM STFORT-LIVED
RADIONUCLIDES

The National Committce on Radiation Pro-
tection (NCRP) and the International Commis-

sion on Radiological Protection (ICRP) set.

the national and international standards for
radiation protection. One of the important
assignments of these organizations has been

the establishment. of the maximumpermissible
body burden, q, and the maximum permissible
concentrations, MPC, of the radionuclides in

air, water, and food. To the present time only

q and MPC values for continuous exposure to

the radionuclides have been published in the

NCRP? and the ICRP? Handbooks. Values
for single exposure are being considered but it

will probably be several years before final
agreement is reached on a set of values.
The ICRP Handbook, which was published

abouttwo years after the NCRP Handbook 52,
differs in some respects from the earlier pub-
lication. Perhaps the most important change

was the incorporation of MPC values based
on the G.I. tract as the critical body organ.

The importance of this is emphasized by the
fact that of the 355 MPC values listed in the
ICRP Handbook, 71 percent for ingestion and
41 percent for inhalation refer to the G.T. tract

as the critical body organ. The bone is the
second most important body organ and is the

critical body organ for 11 percent of the MPC
values for ingestion and 28 percent of the MPC

t Handbook 52, “Maximum Permissible Amounts of Radivisntopes

in the Homan Body ond Permissible C i in Alr

and Water," by Natlonal Cammittec on Radiation Protechon, National

Bureau of Standards, Washington, 13, C. (1953)

2TCRP Handbook, “Recommendations of the International Com-

mission on Radiological Protection,” 4. Jr. of Radiotogy, Supplement6,
British Institute of Radiology, London (1955).

values for inhalation. The GJ. tract was not
included as a critical body organ in Handbook

52 because at the time of the publication of
Handbook 52 radiation damage per roentgen

to the GI. tract was considered less significant

thanthatto the other body organs and because

insufficient data were available to estimate

the absorbed dose and corresponding hazard

to various portions of the GJ. tract. When

Dr. E. E. Pochin® furnished to the ICRP
Committee data on the mass and timedistribu-

tion of material in the G.I. tract, it became

evident that the GI. tract receives the greatest

absorbed dose from manyof the radionuclides.
The lowerlarge intestine is the critical portion

of the G.T. tract for all radionuclides considered

in the ICRP Handbook with the exception of
Mn® and F*, in which cases the upper large

intestine and stomach are the critical portions

of the G.I. tract, respectively. The lower
large intestine is usually the critical portion

of the G.I. tract for three reasons:

1, Only radionuclides with a radioactive

half-life greater than 1 hour were considered

in the preparation of the ICRP Handbook.
2. The contaminates} material remains in

the lowerlarge intestine 18 of the 31 hours

that it is in the GL tract.
3. The mass of material in which the radio-

nuclide is diluted and to whichtheradiation

dose is delivered is relatively small, i. e.,

150 g in the lowerlarge intestine, 250 g in

the stomach, 1100 g in the small intestine,

and 135 g in the upper largeintestine.

i}rivate Communication from BE. BE. Paehin, Director, Department

uf Clinical Research, University College Hoxpital, Medieal School,

University Street, London, W. C. 1., Great Britain, to K. Z. Morgan,
dutedOctober o, 1B5%
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Therefore, most of the absorbed dose (in ergs/g

or rad units) is delivered to the lower large
intestine in the case of the radionuclides with
relatively long half-lives which are listed in the
ICRP Handbook. The material spends 1
hour in the stomach, 4 hours in the small in-

testine, 8 hours in the upper large intestine, and
18 hours in the lower large intestine. Jf
radionuclides of shorter half-life are considered
in future publications and if MPC values are
givenfor single exposure, we may expect other

portions of the G.I. tract to become the critical
body tissue. In the present ICRP Handbook

the assumption is made that the fraction, f,,
of the radionuclide passes through the small
intestine into the blood so that only (1—f,)
reaches the upper and lower large intestine.
Therefore, if radionuclides are considered in
which f,2x1, the critical organs are unlikely
to be thelarge intestines.

Although no official MPC or q values for a
short period of single exposure have been
agreed upon, unofficial single exposure values

have been adopted by some of the laboratories
working with certain of the radionuclides in
order (o aid in assessing the hazards associated

with accidents or “spills.” Previous attempts
have been made to prepare tables of MPC
values for single exposure. Tables of MPC.

values of some 80 radionuclides were given for

two cases: 1. The radionuclide is taken into
the body by inhalation or ingestion over a
24-hour period,‘ and 2. The radionuclide is

taken into the body by inhalation or ingestion
over an 8-hourperiod, or by way of a con-

taminated wound. None of these single ex-
posure values hasofficial status.

Itis to be expected that single exposure values
will be included in the Internal Dose Hand-
hooks in the near future. Table I is a sum-
mary of the single exposure data given at the

Conference on Peaceful Uses of Atomic Energy
in 1955 at Geneva‘. Single exposure values
 

4 Morgan, K. 2. and M. BR Ford, “Developments im Internal Dose
Determinations,” Nucteonica, Vol. 12, Ne 4, $2 Qune 10541,

§ Morgan, K. 2, W. 8. Snyder, and M. R. Ford, “Maximum Per-

migsibla Concentration of Radlonuclides in Air and Water for Short
Period Exposure,” International Conference nn the Peaeeful Uses of
Atomic Enagy, Geneva, Switzerland(1054).
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were given for 5 different sets of assumptions:

1. Soluble radioactive material is inhaled;
2. A wound is contaminated with soluble radio-
active material; 3. A wound is contaminated

with insoluble radioactive material; 4. Insolu-

ble radioactive material is inhaled with the lung
as the critical body organ; and 5. Insoluble

radioactive material is inhaled with various

portions of the G.I. tract as the critical body
organ. The calculations were made for three
criteria relative (o permissible exposure and
only the lowest maximum permissible values

are listed in Table I, The three assumed per-

missible exposures were 0.3 rem/wk, 15.7

rem/yr or 150 rem/70 years following the

exposure, We should note that in Tables I

and JI the 0.3 rem/wk is the limiting case-—

gives the smallest maximum permissible
values—with the exception of 5 bone-seeking
radionuelides (Sr°+Y®, Sm’, Ra’, natural

thorium, and Pu™) in the soluble form. Jn

these cases, 150 rem/70 years is the limiting

case. In the case of a wound contaminated
with insoluble radioactive material it was
assumed that all the contamination remained
in 1 mg of tissue at the wound site. In the
cases of inhalation of radioactive material, the
we values given in Tables 1 and IT correspond

to the amount of the radionuclides initially
present in the air—for example, as the result of

an accident—which if inhaled over a period of

8 hours would deliver the indicated dose. The
radioactive material decays with a half-life T,
in this period, i. e., both before and after inhala-

tion, and is eliminated with a biological. half-
life T, while in the body. In the case of a

wound all the radioactive contamination enters
the wound at time zero. Values were not given

in the Geneva paper for ingestion because

experience had indicated that in cases of single
exposure, inhalation in general presents a much

greater hazard than ingestion. However, in
some accident eases one may be concerned with

the ingestion problem and so Table IT is added
to give the uc that are considered permissible

to ingest in an 8-hour period, Tables I and IT

list values of ue present initially at the time of
ap accident, e. g., spill, explosion, failure of a
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Tasve 1-—-MAXIMUM PERMISSIBLE OCCUPATIONAL EXPOSURE—Continued

Bingte Exposure Values for Radionuclides for Inhalation and for Contaminated Wounds
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1 of ealuble Wound ‘of Insoluble rad: re material Tages it soluble Ingestion of insoluble

radioactive material ° % Isotope Hal foneuye mt uaeoe insththy steacuive a Tngestlonof ‘msolutle
2 Isotope we Initially peat Wount eritleal ds- Long critleat organ 1#E tract critieal organ i available to be ie Satta to its im HPal clee fa witer ral eave i 7

be inhaled (uo of soluble radio sue (ua of insnl- “(uc Inittally avail. | Ge initially avail. gested. uring suc gested dining sue- Tinea in & hes? ingested auringar
during ‘succeeding 8} active material inf uble radioactive able to be inhaled able ta be tehaled cording 8 hrs)! ceeding hrs irs) | ne

tlally in wound) * material Initially during succeeding during succeeding 4
In wound) 8 hrs) rs)? I a) QQ) w oy ) i

wo as (3) w Cy « 2) re fenre= ren tnmeres ae
1 HF ETO oF 1120) 11X10 (03, TRY 7 AXIO (0.3, LED ty 3,TB) {88 (03, LL

ma Tate, 0.8, L) n 0.3, 1) S.1x10-4 0.8) 87 oN} 2 0.3, LLY 4 L2x10" 03, B) 2 6X108 (0.3, LIA Lato (0g, B) 0.28 3, LLD
4 Wie, (0.8, B) 21x10 (0.8, B) 2axlo-t (08) 63 0.3) 16 (0.3, LLD) 6 8.8102 (3, LL) 0.81 0.8, F) os 8. LET

Rel @a,T) 72x01 3, 'T) t. 7 , 4 11X10 (0.3, BY Ra 0.3, Bi 10 (0.3, 8}
cL 11X10? (0.3, sk) |YX 10-4 (03) 1 3) Poly (0.3, LL li 36 (0. 1) on (0.3, TB) 4.3X10-1 (0.3, ST)

peg 3K) 15 - @  @a LUD 43x00? 0 3, B) 1LIxXd0-1 (0.8, LIL)
Tem a on feL105 (0.8) 8 (0.3) al (0.3, LL) 16 _| 4.3102 (08, 8k) me ULL fog) 8, sk 81X10 13, LED

2 (0.8, K) | 1 -| 28><1UF (0.3, TB) Laxior (03, LD 25 (03, TB) O16 0.3, LLD
17 Ureneee 36 8 5) Hs OX10-4 (0 3) 73 a3) 1 @.4, LET) 19 -} 25X12 3, M) 6 ) 0% 3, M) 5.5X10-2 (0.3, 8)

% PUM 12 (0.8, K) 2.9X10-+ (0 3) 2 3) 18 (0.3, LL E : ato (os » °acide i LL 42x10104, B 0.2% 0.3, LED
% Pee, IL 08, K) 2AXLO G.8) 12 10.3) BT 0.3, LAD 21 mi a 13,8 5 3, LL {is 0 4, 8 } adn Lu
70 Autor 13 40.8, 1) iB 6xt0-4 (0.31 28 wa 81 (0.3, LL f 1.710 (03, L) p58 0.3, LL) 1B 0.3, LY 6.3X10-2 (0.3, LL)

q nee sores 18 3, K) . Be eT) a : (eee (03,8) is 3, LLD (e O38) 1b axcto- 0.3, LED
9 Aut 74 03, L) fs BX 164 (0.8) 27 0.8) 14 (03, LLY : tauniera 5 ee i

s 88 4, K) i : : au ' a Rea Ss) fs oat =f O88 saci 3, LEN
18 0.3, L) 1 0108 (0.3, L) 27 @3, 1) !

mm Au. 18 a .oxctos (0.3) 83 (0.3) OU @.3, LLY | 23 14x10 0.3, BD 44 0.3, LL) BR (0.3, BY 4.0X10° (6.3, LID

a 16X10 0.3, M) 3.10(0.3) Po (03) ar (0.3, LUD mt 5.7XUH (0.8, K) ado (09, LD 52 03, Ky 028 8, LED
at BAXI@ (08 M1 29x10-# (0.31 » a3) 22x10 (0.3, LLD) 25 [earn (oa, KD so (oa, ULI (es 03, s.sx10-4 (0.3, ULT
al 2.8X10 (0.3, M) 1.0%10- (0 3) # (0.3) 12x10? (0.3, LLD) 14X10(0.8, L) 13 (8, L)
at 19X10 (OR M) 243104 (0.3) 7 2) a (02, LL 26 -| 9.83108 (0.3, BY) LaxIe 03, LED fags 3, BD LT 3, LAD
9 daxiat (03,8) 21x10 (03) a7 (0.3) 6 0.3, LL ! % (0.3, BI) 0.3, LIA) 1070.3, BY 39X100.8, LLD
® 7Axto-# 03, BY 1.5%10-* (0.8) a42 03) 39 (6.3, LLiy ) n -| 6.5x104 (0.3, L) oe 03,LED 0.89.3, L) 63x1003, LED
a . 0.12 0.3, 8) L6X10-« (0.8) 0.12 0.3) 64x10 (0.8, LLI) as -| Jot 0.3, L) 59 0.3, LILI) 91 (0.9, L) 6.4x1O-? (0.3, LL)
Attar. Saxo @3, 7) La>10-* 0.3) 31 3) 2s 38) FY | 1.23108 0.8, Ly 8% 3, LL LE 3,1) 63x10(0.3, LLD)
88 Rav4-55% dr. 0.32 (150, 3) O12 (150, BY 8.3XI10-9 (0.8) 2.81072 (0.8) $1172 (0.3, LL 4 90 -| 3.5108 (0,3, BY a @.3, LLID 3.2 0.3, BY 2810-7 0.3, LLD

#9 AcOH. 4.7X10-7 0.3, BY 1.210? (0.3, B) 2.5X10-* (0.8) 2110-4 (0.3) Al (0.3, LL) a1 5.5X104 (0.3, B) 69 (08, LLY) 3, BY 8.aXx10-9 (0.8, LL

a 2.6X10-* (150, BD 6.71074 (150, B) 2.8X10-* (0.3) L9X10-4 (0.3) 0.03 (0.3, LL) a2 +t 23X10 0.3, KI) 24X10 (0.3, LT) 21xter @.3, K} 2 8, LL)
0 7 (0.3, B} 19 (0.3, B) LEX10+ (0.3) 83X10" (0.8) 44 3, LLD 8 36x10 0.3, Kh 34 3, LLY) 35 (0.3, K) 31x10" (0.3, LLY
92 B7X10- (0.8, K) 8.7%20- (6.8, K) 9.1X10-(0.3) 73X10"? (0.2) oot 4, LLD a 1.1X103 (0.3, M) 8103, LLYy 0.0.3, M) 74X10-7 0.8, LED

oy 0.43 (0.3, B) TAX1O4 0.8, BY 1710-4 (0.8) O14 0.3) 7.610-! (0.3, LL) 38 -; 88 3. B) u 3, LL 80x10-?(1.3, B) lo @3, LED

of 2.0X10-?(150, B) 52X10 (150, B) 16x 10-4 (0.8) 0.13 a) TAR104 (0.8, LL) 38 44 (18, B) 13 (0.3, LUD 40X10-8 (150, B) 1.2x1t0-1 0.8, LLL)
3 033 O83) aaxio-1 (03, B) LB3c104 (0.8) tl On erxie-t 03, LLD 30 -| 7.510 (0.8, B) 41 ©3,LLD 68 03,8) B7XIG 0.3, LLD
9% -[ 0.28 @3, B) 7.8X10" (0.8, B) L4x10-* (0.8) Or 3) 6.0X10-4 (0.3, LL 0 -| 64X10¢ 0.8, B) Xo (0.3, LLY) 38 (93, B) 8.4<10-3 (0.3, LLD

4 Lex108 (0.3, B) 2 ©.3,LED [05 0.3, BI 2.8¥10-8, LLY
ae — —: , 2 9.3104 (0.3, B) $5.3, LLY) as (0.3, BY 4.1X10-2 (03, LLT)

©The vatues pe inhaled (as givenin columns 8, &, end 7) eanbe converted to MPC in wofes of alt by multiplying by 10-7 } 8 -| 47 xd02 0.3, K) 16 @.3LL 0433, KD 14x10-2 0.3, LLT
*TH—total hody, B—bone, F~ fat, sk—skin, M~muscle, sspleen, L—llver, K~kidney, B1—blood, T--thyrold, LL¥—lower large Intestine, f 44 Rump Rh, ft 8, Ky Le @3, LLY a1 (3, K) 1,5X10-1 @ 3, LL)

ULA—-upperlargeintestine, S~stomach, 81--small Intestine. Theletters given In parentheses indleate the eritical boty organ. . 46) Rh... . : -) 28x10 0.3, Kt i“ 3, Lin 02 (0.3, K) 1,3X10-? (0.3, LL}
8Thes in column 2 indicates daughter.products that are isomers in an excited state, \ 46} PawepRhs «| 2.810? (0.3, 1) 7 (0.3, LILA 025 ua, K) 6.8X10-72 (0.3, LL

Nore.—The 0.3 or 150 in parentheses refers to the Hmiting dose rate of 0.4 rem/wk or 150 rem/70 yrs—whichever gives the smaller maximumper- " ar -} 4.0106 (0.3, L} 5a (a. 3, LL 36 40.3, L} $.4¢10-4 (0.3, LLT)

miasible value. a7 {108 0.38, L) 69 (03, LL) ” a, Lo 43x8, ULT
48 LOX100 10.8, 1) st 0.3, LLY) Gv 3, Lh 7T4xX10-4 0.8, LLU
80 2TX100 (0.3, BY mm 0.8, LIA) a (4, B) 2.8X10-4 3, LLL

. an . . .. 82 | L.8xt0 @.3, K) Mo (0.3, LL) 14 03, K) Yo 0.8, DLT)
chemical hood, etc., which if inhaled (Table I) Tt is to be noted that maximumpermissible 82 | 5.2102 (0.3, K) 38 (0.3, LL) os? 0.3, K) BAXUrS (0.3, LEI

or ingested (Table 11) for an Shour period values for wounds contaminated with insoluble S Tsaoa 1a03 Pex Oa le aR

would result in the indicated dose. The values radioactive material are several orders of % 3% (0.3, B) 23x16(63, B) 49X1003, LLL
. . 7. 1s -3 Le]

in Table I, columns 3, 6, and 7, can be con- magnitude smaller than the values for the ' 8 lige sk ee Gee ateOR LLD

verted to MPC in ypefee of air by multiplying other cases. This should serve to emphasize % -| 468x109 (0.3, B) 81 8, LET [42 13, BD TAXIO 0.8, LL
. . 3 3 a,

them by 107". The values in Table qn, columns that perhaps contaminated wounds are the , 82 pacer 058, B) cant oe inp arcaot oa Pr ann oe LLb
3 and 4, were converted to MPC in ge/ee of greatest radiation hazard in the laboratory. ' & 26x10 (03, BY 69 03,LLI) | 3, B) 8ax10-§ (0.3, LA)

water hy dividing them by 1,100 ec. These However, when applying this information to » Sho Onn ee eB} aeoe LEE

values of ue/ee of water are entered for con- the problemof fallout material from the testing a 91X10 (0.3, Bi 18 03, LLD Rs 03, BY L6x10-? (0.8, LUD

venience in columns 5 and 6 of Table IT. of nuclear weapons, it is probably safe to Seefootnotes at endof table.
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; Tague I.—MAXIMUM PERMISSIBLED OCCUPATIONAL EXPOSURE—Continued to7!
T

Single Exposure Values for Ingestion of Radionuclides nm ' q I i t

eectsae emcee memens semen panne sma| as vee ae -_ Lu _
Ingestion of soluble Ingestionof Insoluble ' Le ee ene a en ne ca cee mms ae
tadloactive mate dicuctive mate Ingestion af sotible Ingestion of insoluble — ee ae on ere ee 4

2 Isotope tal Ge initially rial (we initially radinactive “goat| eadiuactive mate: 17
available to be in- availalile to be an. [risk Qaeiee im water alal tacver In water | be
gested during suc gested during sue- ingested inkhousi! jugested during 8 ' { 7
eecding 8 hrs) + ceoding B hrs)! rey | t

, a (he (3) a (s) (6) | } 7
sone mee ens creammmneremene seas ‘ i '

73 Tae -] L8Xxto (3, L) 3 @3,tLD 16 0.3.1) G8X10-1 (1.3, LED 4
' | svn. 2ax100 03, Bi 10 38, LLD 2s 0.3, Bi 91X10(0.3, LED :

14x10 0.87) 13 a, T) ’15 ROMnee cane eee cette seeeee peas (0.3, sky fox 3,100 Nee week Hesxto 2.3, LID 5 |
4,0X10? 3, K) ee @.3, K) } . |a rm... : ee eeeeeee {sont (0a 8) hes OBL | ase 4,6%10-2 (0.3, LET) | <
3 3a, K) 4 8X 10-2 (0.3, K) a eU7 [ATMcen ceeemeeeeees oneeee oe HEao: ean fs (03, 4 ie (oa sh esxios (0.3, LL) | r

78 rem. -|cee 3, Kp n 13,14 [038 @.8, K) or 0.3, LL | &
1 pen, Lexie? 08, K) 3 03, LLD [0.12 8, K) 12x10 0.3, LLT) | uy 10%

4X (0.3, 1) P 13 0.8, L) } _Lot OY ADM ee oe teens cee HQ OK) 32 WBLLD line ask 29X02 (0.3, LL) z= Pi
We BIX10? (03, L} 0.74 3,1) . |a TD NUneaceeeeee ee cneee beeen 3 os K) 88 (0.3, LL) |ea “3, Jsaxto + (0.3, LLD e =
yout 193x109 (0.3, L) ? 0.3, 1) I z Lmo | Aum, enn aee Ib.oxi103, ky 28 0.8, LL) We 03k Hoaxes (0.3, LEI) =

a -| 4axiot (03, Mt 18 03,tLD [040 (8, MD 17X10 0.8, LIA) { he] be ,
" aL 3.5X109 (1.38, My t.4x10? (1.3, LUI) 14 (0.3. M) O13 (0.3, LEI)

al TAXIot (08, MI 7h 03,LLU fos? (3, Mi 68X10-1 (0.3, LLY) z 4
' al Baxi (03, Mi 7 03,411) |os 0.3,M) LEXL-1 0.8, LLL). rn]
ons a2 Phe, 26xie (03, B) 2 @aLLD |24 03,8) 26X10-1 (0.8, LLD v

82 Powyar 0.42 24 03, LLY 3.8x104 0.8, B) ‘220104 @.8, TLD) & 4
a 4.0 4.0X10-? 0.3, LID 3X1r? 3, 8) 3.6XK10-# (0.8, LLD h
85 15 + (3,8) 6.5XI0-+ (0.3, T) 14X10-* 0.8, 8) ! «
ag Raem750% ct BOXI? 0.3, LED 4.92010°+ (150, B) 2.9x50° (0.3, DL) a 90 90
60 Act4dr 0.69 03, LI1) 35x10" 0.3, B) 6axle+ 0.3, LLD € Sr +¥
so ‘Thenat. 19xI0- 0.8, LLD £2x10-+ 450, B) LixX10-8 (0.3, LLY) ©

: wo ThePa 28 03, LL) [3.5 (0.3, B) 2.5X10- (0.8, LL) “4 RoeB+ ac?28.
va 2.0X10- 10.8, LL 14x10? (0.3, K) 2710-5 (0.3, LD) 2

' 2 47X100.3, LL 0.0 (0,3, B) 4.3X10- (0.3, LI) ; = 144
‘| a4 36 (150, B) 4.4X10-7 (0.8, LL 3 8x10(180, BY 4.0210(0.8, LL | us Pr Tete ne eect weer eeess

| 08 | 21x10t @.3, B) 42xtot (03, LE) 018 0.3, BY 3 8X10- (6.3, LL1) 2
! * LL , 0.3, 510-9 (0.8, LLT |be 6 | Lexiat (0.3, B) 3.8X10-7 0.3, LL 0.18.3, BY 3.5X10- (0.8, LET \ 2 (8) Stomach

. UT B-—total body. B- bone, F~fat, ske- skin, M- musele, s--spleen, I--tiver, K. -kidney, Bl-blood, T—-thyroid, 8~stomach, SI--small intestine, 8 (SI) Small Intestine 1
myo . ‘UWLI—uppor large intestine, LLI—lower large intestine, a (UL1) Upper Large intestine 4
| Loy 5 Tha in column2 indicates daughter products that are isomers in an excited state. aw

I. Nore.--The0.4 or 150 in parentheses refers to the limiting dose rates of0.3 rem/wk or 150 rern/70 yrs-~whicheverglves the smaller maximut permis- ° (LL) Lower Large Intestine
I " siblo value. The letters given in parentheses Indlente the erftical body organ. t 8 4

poe <
fou. assime that the risk of damage from con- swallowed (62 percent for inhalation and 100 ) J
| taminated wounds is relatively unimportant, percent for ingestion) and that it irradiates ‘

Ip most. cases the inhalation of insoluble radio- various portions of the G.I, tract in direct if
active material gives lower maximum permissi- proportion to the time spent in each section, \ :

, ble values than inhalation of soluble radio- Some of the radioactive material passes through : .
active material. Usually the lowerlarge intes- the wall of the small intestine determining a :
tine is the mostcritical portion of the G1. tract biological half-life. In case daughter products I 3 { | { | | {
except where radionuclides of very short radio- are produced, their contribution to the absorbed 10 ° 4 . 2 ie 30 34 28
active half-life are considered or where fez 1. dose is included. '

a In the cases where the G.I. tractis the critical Figure } indicates the absorbed dose distri- \ TIME IN THE GI TRACT (Hours)
organ (column 7 of Table I and columns 4 and bution in the G.I. tract for three cases, Sr”+ Yr. Fraure 1.—Time in the GI tract (hours).

' 6 of Table I), it is assumed the material is Ra™-+Ac” and Pr. In the case of Sr®+- Y" .
448020 O—FR—— 12    
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the absorbed dose delivered to the stomach in
i hour ig small. The absorbed dose in the top

portion of the small intestine is the same as
that to the stomach, but decreases during the

4 hours there due to the 60 percent uptakeinto
the bloodstream. ‘The absorbed dose to the
large intestine is much greater than that to the

small intestine because the radioactive material
speuds 8 hours in the upper and 18 hours in
the lower large intestine compared with only
4 hours in the small intestine. Also, the mass

of material in (he upper or lower large intestine

is aboutone-eighth of (hat in the small intestine
ONy=150 gg, Mu(35 g, Mg=1100 g,

Mytomsen*= 250g). In the case of Ra”the 6-hour

daughter, Ac”, makes a large contribution to
the dase. Therise in the dese in the small in-
testine is accentuated by the fact that the
effective energy of Ac? is 80 times that of the
parent, Ra?*, and there is only 20 percent
absorption from the small intestine into the

blood, The slow rise in the absorbed dose in
the upper and lower large intestines in the case

of SP°+¥", and Ra**-+-Ac is the result
of the growth of the 61-hour Y®*, and 6-hour
Ac™® respectively. In the case of the 17.5-
minute Pr, the absorbed dose is delivered

mostly to the stomach. The dose to the large
intestine is negligible because Pr' passes
through17 radioactive half-lives in the stomach
and smallintestine.

The foregoing tables of MPC values maybe
useful in dealing with hazards associated with
the fallout material from the testing of nuclear
weapons as well as the contaminationresulting

from a laboratory spill or accident. However,
manyof the radionuclides of great interest that

comprise fallout during the early periods follow-
ing the detonation of an atomic weapon were

not included in these tables. There are many

factors that determine the type of fallout
material from the detonation of a nuclear
weapon, e. g., height of burst, distance from

ground zero, typo of weapon, weapon yield,
meteorological conditions, ete. Likewise it has
been found that there maybe factors (physical,
chemical, and biological) which tend to frac-

tionate and concentrate certain of the radio-

nuclides. For example, at the first Bikini

underwater test I made a numberof surveys on

the target ships and nearbyislands of the 8/y

dose rate rrtio and found it to range from 1 to
several hundred. This high 6/y dose rate ratio

was, in part, a consequence of the fact that on

the. average there are about twice as many

beta particles as gamma rays emitted per
disintegration of the U-fission mixture, and

most of the beta particles have a range of less

than a meter in air whereas a large fraction of

the gamma photons have a range in air of

manymeters, i. e., the fraction of photons with

an absorption coefficient d that travel a distance

greater than x is given approximately by the
equation (1—e>*). In addition, many com-

mon materials such as tar, resin, rusi, paint,

metals, etc., seemed to retain selectively certain
of the beta-emitting radionuclides. Under cer-
tain circumstances this fractionation maybe of

considerable importance because overexposure
to beta radiation can lead to serious erythema,

burns, ulcera, and even death. Yet the most

commonly used field survey equipment is
designed to measure the absorbed dose from
relatively hard gammaradiation and may give
little or no response to beta radiation. Follow-
ing the test of a thermonuclear weapon by the

United States in the South Pacific in 1954, the
more serious cases of radiation damage among

the natives and operating personnel from the

United States: resulting from contact with the
fallout’ materials were the consequence of

exposure to beta radiations. It is sometimes

stated that beta exposureis oflittle importance

compared to the gamma dose from fallout

material and that one would have to be partly
naked or lie prone on the ground before the
beta exposure should be a matter of concern.*
T do not agree with this point of view and dare

say some among the Marshallese, the Japanese

fishormen, and the Americans who received

painful and disfiguring beta burns as a canse-
quence of exposure to fallout material in the
“South Pacifie would not be inclined to under-
estimate the seriousness of exposure to beta

“Thereader is referred 1o the final summary ofthis Conference by Dr.
K.P. Cronkite.
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radiation. In any case, the record should

speak for itsclf- namely, the damage to man

and animals (cattle, horses, deer, etc) that

has been observed from the fallout material
from nucleartests to date has resulted not from
exposure to hard gamma radiation but from

exposure to beta radiation. In assessing the
hazard from fallout, therefore, one must be
cautious not to overlook the seriousness of

exposure to beta radiation, and one should not
rely on a theoretical estimate of the isotopic
distribution or one should not reach final
conclusions regarding the radiation hazard

unless measurements have been made of the

absorbed dose from # and soft + radiation.

Having called attention to the many factors

which may change the isotopic distribution, I
have risked setting up Table III which lists

the more important U-fission radionuclides that.

would be presentas a function of time following
the detonation of a weapon if there were no

fractionation. The radionuclides are listed in
order of decreasing availability (assuming no

selective deposition or separation of the radio-
elements) for 5 time intervals—1 hour to 1 day,
1 day to 1 week, 1 week to 1 month, 1 monthto

Tante IIT.--AVAILABILITY OF U-FISSION RADIONUCLIDES

(Listed in order of decreasing yield)

t week to 1 month 1 monthto I yeur 1 year to 70 years
 

 

 
 

Radionuclide Yield Rudionuclide Yield Radionuelide Vield Radionuetide Yield
 

     

 

Thour to 1 dey T day to 1 week

Radionuclide Yield

559 Mo... 8s. 360 Lal__

519 Cel...2] 360 Bato

458 Nb?1.) 250] Pri@ __

454] DR... 241 Cettt__.
451 pit. 937) DH.

444 Zr"... 229 Nd¥7_

427 Tet?, 228 Zr%6___

423 Bat®_.. 160 Y%_.

414 Lave. -| 128 Sree_.

387 Palo... -] 122 Mom,

376 Pri®. 2...) U1 Rue.
363 Y%_- Hid Rhee,

351) Srt._ 9G 132 |

314 Pmt. 92 Tet?___

294 Nd¥7___ 77 Obes,

250 Rho - 70 Cet4...
233 [5_. - 48 Pret.

222 Celt, - 40 Cela...

206 Zr. - 39 Pm'@..
164 ¥"__ - 37

163 ¥e_. - 37

161] Sri. ~ 35
126 Ru... 2.) 32
72 Rh2. 31

71 Pris. oo... 7

70

67

61

37
34
2     

   

   

  

   

  
    

re 337 Nb... 2...) 586 Sr. 12... } 480
~w--f 293 Zr... 22) 483 Ye 430

284) Yo. 374 Cet? . -. 406
216 Sriv_. 311 Bat7_ 406
160 Cem, 284 Pm 215
128 Ces... 271 Cems. 214
127 Prt _. 271 Pris, 214
122 Rus _ 197 Smit 44

109 Rnie__ 189 Nb®. 31

102 Pri___ 154 Ruts, 27

96 Lave. _ 150 Rhtes_ 27
93) Baio __ 135 Zr%__ 14

. 87 Pm¥?.. _... 44 ya . - 9
wees 79 Nd... et 4

e weee 4h] ym le 34

28 Ruts, . 22
28 Rhis_ -| 22
14} Sr - 13

12) ¥8_. - 13
Cit a 10
Bat?__.. 10
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5
if SE R 2S « a8 s Bak Z } year, and ft vear to 70 vears. These values never did really get to him. I would like to

5 qi e were obtained by summing the integration of start the questioning by asking, Dr. Morgan,
i a 4 the rate of radioactive decay of cach radio- what do you really feel is the practical signifi-
5 “Gs| 5 nuclide over eachof the 5 time intervals. Data cance that vou intend to place on these maxi-
4 Es 2 of Hunter and Ballou © were used in making muin_ permissible values caleulated on the

& es : these calculations. basis of the gastrointestinal tract? Do you

=e 4 Table IV lists the relative hazards* in the really fecl these numbers which, as 1 understand

ae g § time intervals. The relative hazards were it, will lowerair in water maximumpermissible
3s a g obtained by dividing values of availability values, will be pushed as being the accepted
os 2 5 given in Table IT by the single exposure MPC value over those caleulated from othercritical

qg| 37 a e values given in Tables ] and I]. Many voids organs?

. = 4 3 3 appear in Table 1V, especially in the case of Dr. Morasan. Dr. Langham, 1 should be

£ 4a] gs 5 2 the 1 hour to 1 day interval because the MPC asking you or Dr. Henshaw or one of the rest,

3 8 Be g 3 values are not available for many shorl(lived of this group this question, rather than you

a “lg 2 8 radionuclides. ‘The transuranic nuelides or asking me. The British on the International

% ge = 3 the induced radioisotopes are not included in Commission from the start T think felt rather
& me a5 these tables of relative availability or relative strongly that we should not make anydistine-
a BE g 5 hazard because their availability depends upon tion between the permissible dose to the gastro-
2 s 2,8 the type and efficiency of the weapon and the intestinal tract and to other body organs. This

e é E a8; elevation of the weapon at the time of detona- matter was discussed somewhat in our com-

as 3 ne Bes tion. However, their contribution to the mittee in the carly part of the week, and I

ai3| ze Bs possible hazards of fallout must not he over- gathered from the discussion there that the

| «| #2 Bre looked. consensus of opinion is again that we should
a) ele Ra Summarizing the data available in Table IV { make distinction with one exceptiSFL a8 § narizing the data available in Table TV, not make any distinction with one exception.
td sg 26 the radionuclides presenting the major hazard In the case of alpha emitters, I believe the

@ 22 é2 : in each interval may be listed in order of National Committee feels rather strongly that
Bf a3 5 decreasing hazard as follows: the alphas would not reach the mytotic layer

< a8 ay 3 1 hour to 1 day - (insufficient data) in the lower large intestine, and therefore would

a s gse 1 day to 1 week - 1", Ba™, La', Mo™ not constitute a hazard. So with that one

| |x 2 ge¢ 1 week to 1 month —I*, Ba™, Lal, Pes, exception, it is very Hkely in the revised hand-
= 2 ays YY") Zp, SrColt book 52 that the gastrointestinal tract will

P 3) a¢ #3 g 1 monthto 1 year—Ce™, Zr", ¥", D4, Nb appear as one of the eritical organs in many

a |e ze ga 3 Ba, sp cases, with the exeeption of the alpha emi(ters.
B x 3 gE3 1 year to 70 years Sr, Cet, Cs, Ru As to whetheror not this is a safe assumption,

2s Z £ ae L would rather for you or Dr. Henshaw or some-
32 fa zg é DISCUSSION one else to answer.

~ 22s E Karl Z. Morgan Dr. Lancuam. Thank you. Do we have any
3B S268 . . other questions on this subject?

Beas ; Dr. Laxeuam. ! would like to give just a Dr. Hotnanp (AEC). I ‘would like to ask

2 5 3 ee little opportunity for questious to Dr, Morgan, whether there is any plan to incorporate in

= 2833 primarily because J have been at two of his these values the variation in radiosensitivity of
; cP aELE presentations recently, and every time J found the various organs andtissues, thal. is, to set
2 oF #3 ig that there were questions to be asked, that we up maximumpermissible doses on asort of an

. atgé reneeane2Wawiseding'toarteneerteases CSD Ny orzen hats
Wet Fission Products,” Report ADC-#5, April #1, L049, _ vores Dr. Moraan. That has been considered. At
= *Therelative buzards Isted in Table TV do not take infoaccount the present. we make @ distinetion in the case of

crtraonadineand oniuminmi,uhfcovamey meee ORE OFAN only, that is for the thyroid. We
the relative hazurd from certain radionuclides. permit 600 rems per week, rather than 300
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rems per week. The External Dose Commitice

makes several exceptions, especially in the case
of the skin. There are many other variations
perhaps that are even more important. For
example, we should have values for the

various chemical forms of the radionuclides.
So thereis a lot of work yet to be done and we
will be happy when wefinish the present set of
valucs for about 150 new radionuclides that
we are including in the revised handbook.

The answer is “No,” in the forthcoming revi-
sion of the Handbook wedo not plan to make
anydistinction between the various organs with
the exception of the thyroid. MPC values are
based on two principal criteria: 1), 0.3 rems

per week to the organ, or 2) in the case of

hone seekers, an amount that will give a dose

corresponding to that received from 0.1 micro-
gram of radinm deposited in the bone.

Dr. Lanenam. I think it is pretty obvious

that part of the difficulty on this particular

subject centers around the fact that the ex-

perimental biologist and his experiments can
not keep up with Dr. Morgan and his pencil.
One more question.

Capt. Beynerr (BuShips Navy). We are
currently considering adapting our meters to
measure the external hazard to a considerable
extent by not a beta-gamma ratio, but a ratio
of shallow dosage to deep dosage which will

be based on a mean depthof the mytotic laver
of the skin. IT would like to ask Dr. Morgan
whether such @ meter would be properly used

for contamination hazard determination in

view of varying depths of the dangerous areas
in the internal organ?

Dr. Monrean. I think that some compromises

have to be reached in designing instruments to

measure the damage from beta emitters.

I think the answer to your question is yes, that

such an instrument would be very valuable.
Weare doing essentially the same thing in the
revision of our film badge, so that we will have

one very thin window that will give us readings
that will correspond very closely to the dose

delivered at a depth of about 10 mg/em? tissue

equivalent. I think in any monitoring system

one should have a device that will indicate
the exposure from the beta radiation. I don’t

helieve this has much dircet relationship to the
beta dose.

1 was not quite sure of the implication here

relative to the internal emitters. Along with

the external monitoring system, one has to

monitor the urine and try to determine what

the internal dose is. T am not sure that I got

your question.
Capt. Bennerr. We consider the contami-

nation meter as the device which measures

the probable hazard from internal dosage, and

we wondered whether the standards that we are
setting for the external meter would be equally
applicable for a contamination meter.

Dr. Morgan. I want to look into the de-
tailed standards before [ could answer that
question. Perhaps we could get together.

 

 

UPTAKE OF IODINE-131 IN HUMAN AND BOVINE THYROIDS

FOLLOWING DETONATION -OF NUCLEAR WEAPONS

By Mancarer R. Wuire and Harvin B, Jongs

University of California. Radiation Laboratory, Berkeley, California

Beginning withthe finding of measurable up-

take of radioactive iodine(I) in thyroid tissue
in the periods following nuclear explosions
{Van Middlesworth 1, 2], Donner Laboratory

has maintained a routine assay of 1content

of beef thyroids obtained from local slanghier

houses and more recently of human thyroids

which could be obtained on autopsyin the San
Francisco area. The I"! concentrations of beef

thyroids were reported for 1955 Northern Cali-

fornia and Western cattle (U. C, R. L. Report
3355, March 1956). This report confirmed

the Van Middlesworth observation and estab-
lished the maximum uptake between March
and September 1955 as 6.4 millimicrocuries of

I™per gram of beef thyroid and a total inte-
grated maximum dose to the thyroid of cattle
of about 1 rep for the Spring and Summer of
1955. This activity apparently was the result
of the several detonations atthe Nevada testing
site. After the last test in mid-May 1955, the

maximum activityin beef thyroids declined fol-

lowing closely the natural half-life of !. Upon
this evidence and the additional evidence of a
promptrise in thyroid activity following nuclear
explosion, it may be concluded that beef thy-
roids are in rapid equilibrium with iodine fall-
out. Van Middlesworth has recently shown
that human thyroid EF"! concentration roughly
parallels bovine thyroid in radioiodine content,

and that the human thyroid concentration is

less than approximately 1/250th of the cattle

thyroid concentration. The times of maximum

iodine concentration in human or cattle thy-
roids evincided.

This report includes 151 human thyroids and

1,000 beef thyroids assayed for 1 content Oc-

tober 1955 to October 1956. Two periods of
slight T™ content are recorded in December

1955 and January 1956 respectively, and two
periods of concentration of Iapproaching or

exceeding 1 millimicrocurie per gram of beef

thyroid which appeared in March and May
1956. Theactivity which appeared in March
died awayin detectable concentration in newly
obtainedbeef thyroids withahalf-decline period

of 8 days. The radioactivity which began in
May 1956 maintained a value of 1 to 2.6 milli-

microcuries per gram of beef thyroid during the

entire period, June to October 1956 in spite of

isotopic decay. Presumedly this reflected mul-
tiple additions to the atmospheric level of ['.
At all times of increased [™levels, some cattle

appeared to have low concentrations of I".

These cattle were usually described as feed-lot-
fed (see Table below). Range-fed cattle during
all periods of collection of samples had the
greatest concentration of I. Range-fed and

feed-lot-fed cattle differ by a factor of 50 to 100

in usual concentration. Somefeed-lot animals
appear to have appreciable concentrations of
thyroid 17", but the simplest assumption to ex-

plain this inconsistent uptake is the lack of re-

liability of information on feeding procedures
preceding marketing of beef. Additionally

there is the problem of difficult evaluation of
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UPTAKE OF IODINE-131 IN HUMAN AND BOVINE THYROIDS 163

lapse of time between last range feeding and

 natural radioactivity. Additional beef thyroid

radioactivity was identified as ]™ byfollowing

the decay of radioactivity which uniformly

gave an 8-day half-life to the radioactivity

above the natural background.

Humanand beef thyroid were measured for
radioactivity both initially and after 4 or more
half-lives of radioiodine (lapse of at least 28

days). Even though any one of the human

thyroids contained too little 1! to be detected,

June to October 1956onenrerei SPLLBY we
BRSseg BE . .

| i Ses e 38 slaughter. Thus, much of the variance in . .Be 2 : ye . ue —
° : | e.fe 8 3 range-fed animals may be iodine decay during Bovine thyroids

oS . t " * | 7 7 ge .

- | 3 3 ge & 3 the pre-slaughter holding in stockyards. The Thyroids -having more than 1 myge/gm:
. ! ~ @é SE ose cattle thyroid irradiation for the Kussian explo- Acerage Average mera

| gps 2% sion March 1956 was an accumulated exposure counts per day aneigtt lehiole. ESS &e Nuraber somple mucigm aamapte thyroid
_ Ld gf ES Ef of 0.2 rep (March to May 1956). Be BBR BT 4em OT am

1 E 3 3 ~ Fg An integral dose for the Bikini tests is esti- 1 (highest 6235 267 43 emo...

ze 23 3% mated as including time from May to October measured| <£3i35 8 e 5 .
ji ese <2 1956. During this period the maximum activ- concentration}.
a ae ss = ities corresponded to 0.010 to 0.028 rep per Median lowof thyroid 15 content in range-fed animals

' SgRe Ss day. The average radiation to all range-fed 182 -.. . -.. 1181 6.409 4.3 —¢m 27 em
~ Sak 2 : .

os 7 soe <* cattle is close to 0.01 rep per day for this entire Median JeveLof thyraid 1!) content in feed lot-fed animalsty 1 be 2 SAS 3 . ep P ad .

ae see tl sad d g3 period, Thus the maximum exposure of bovine 52 2... 2... 289 0,008 43 em 27 gm
fou La Ze g .& thyroid was (June 6, 1956 to October 11, 1956)

se OT | . s g < s approximately 1.9 7. Humanthyroids—

= fn a S36 > Human thyroids at all times of collection Average “ATage
2é é 2 were in the range of 1/1000ththelevel of range- Number tremensela pale
= 3 5 fed beef thyroid I content. During times 68 initial count .. . 6.214083 4.3 em 16 em

g& g = when Icontent was not detectable in either 68 recount --. 5. 18:40. 76
ges a _
2 & ° humansor cattle, the thyroid gland tissue from ait 103 Lig taitt t

S28 beef or human contained similar levels of "nianificant) (O81 Hrerence no

Samples were counted an average of 3.8 days

after death, therefore if human thyroids had

1.03 counts of 1 per sample the average IM

burden of human thyroids would be 0.0006

millimicrocuries per gram.

Radiciodine levels in human thyroids either

individually or as a group-measure were not

significantly established in the same time

period whencattle [content in thyroid tissue

s
s =

§ 3s
I g 38

Siig 33
3 gx = & it was possible to make a finer estimate of the ranged up to 2.7 millimicrocuries per gram

B.&s Be TIcontent in human thyroids, by combining thyroid.
ae :. east 2: all the human measurements according to 2 It is interesting to note that one human

gos 2 gs . time periods: One of low cattle I" content thyroid had appreciable [' content comparable

_ &8 ae es 5 (January 1956 to March 4, 1956) and the other with beef thyroid. It measured 0.025 milli-
Fane bee Res 3 = Me of the period (June to October) when range microcuries per gram, which is about 1/20th

& i “" Bs 3 3 s . 2 cattle thyroids were measurable as having 2to3 of the bovine I™ concentration, during this

gyi | g&s y BSis thousand counts per minute per total countable time period. This man, upon investigalion

BBRE | 3 = pESE ce sample. By counting the human thyroid through the attending physician, was found to
remem Tp $.2 Bs 33 g specimensinitially and after decay, the follow- have boen given a tracer dose (2.5 ye I) 67

‘| ose 3 32 5 = 1 ing comparison fails to detect Iin human days preceding death, or approximately 8
: sisex 2? > thyroids and establishes that the average half-lives of I! earlier. Thus the observed

. we ee bh & E g z3 & 2s | human thyroid concentration of !is probably Jevel is entirely within the expected value for

‘ ; aresots evs vis scdomnm SZz S8 less than 1/1000th the maximum level observed this length of decay of I".

1 oo | in thyroids from range-fed cattle. Tt is possible that human thyroids do not

 



 

    

take up Ifrom fallout even in the order of
magnitude directly measured which is 1/1000th
of the level measured in bovine thyroids for
the same period. However, statistical con-
fidence is established at two defendable limits
of possible 2uptake by human thyroid tissue.
Thus:

(a) The median value of range-fed cattle
corrected 10 estimated day the cattle left
the range is 0.6 millimicrocuries per gram
thyroid.

(6) The observed mean human thyroid
T* content as of day of death is 0.0006
millimicrocuries per gram thyroid.

(ce) Human Ilevels in thyroid could
have been established at 0.0021 willimi-
crocuries per gram thyroid with a certainty
of P=0.01.

(d) There is only 1 chance in 1,000 that
human values could have exceeded 0.0026
millimicrocuries per gram thyroid during the
observation period.

Thus it is probable that humanthyroid contains
less than 0.43 percent or 1/230th of the LU
burden in cattle thyroid following atomic
detonation,

Therefore, we can accept thatirradiation of
thyroid from 1™ content in man in the high
I fallout. period of June to October 1956 is
less than

1.3 rep (median thyroid irradiation, range
cattle June—Oct. 1956)

230 (confidence value for ratio of cattletoeO056irep
uman)

 

However, the probable value is estimated as
1,03 _

13 repXTig)0.001 rep

for accumulatedirradiation exposure of human
thyroid tissue by contained I" fallout.

ADDENDUM

Data collected in 1957, whencontinental U. 8.
tests were being conducted, shows that during

164 THE SHORTER-TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD

the period from May 20 to July 31 statistically
significant amounts of radioactivity were found
in human thyroids. During this period the
average value for 41 human thyroids obtained
in the San Francisco area was 0.0014 milli-
microcuries per gram of wet. tissue while that
for 87 range cattle thyroids was 0.63 milli-
microcuries per gram of wet tissue. Therefore
the ratio of human thyroid radioactivity to
cattle thyroid radioactivity was 1/460 as com-
pared to a ratio of less than 1/1000 during the
Bikini tests of 1956. This indicates different
relative uptakes of Ibetween humans and
cattle in the two periods, The highest human
value was 0.0056 millimicrocuries per gram
while the highest cattle value was 4.0 milli-
microcuries per gram, a value approximately
twice the maximum observed in cattle during
the period reported above. The present. con-
centration of I" in human thyroids wouldstill
besignificantly clevated at one-half the ob-
served counting rate.
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DISCUSSION

Hardin B. Jones

Dr. Linpaere (UCLA).

from the bayarea also?
Dr. Jones. These cattle were from northern

California,
Dr. Lrnpaerc. But from the west,
Dr. Jonus. Yes.

Dr. Linppura. Weare going to present

some data this afternoon regarding the occur-

rence of iodine near the test site or more

specifically, near the fallout pattern, which

would suggest the values presented are very
conservative in a shortperiod of time anyway.

Were those cattle

e
y

  

THE EXCRETION OF RADIOACTIVE FISSION FRAGMENTS BY

MAN DURING CONTINENTAL AND OVERSEAS WEAPONS

TESTS

By Ane: G. Scurnopt, James B. Harrenrmne and Kent T. Woopwarp

Walter Reed Army Institute of Research, Washington, D.C.

The excretion of iodine-131 and strontium-90
has been measured, during Operation Teapot,

in human urine specimens collected on a routine

basis at selected stations throughout the

United States and in foreign countries. A
complete account of the work referred to herein

is given in “Recovery of Radioactive Iodine

and Strontium from Human Urine-—Operation
Teapot”, Walter Reed Army Institute of

Research Document 00-55 (AFSWP-893) by
3. B. Harigering, Ariel G. Schrodt e¢ al.
The excretion of several of the principal

fission products is being measured during
Operation Redwing. Data will be available
in a forthcoming report.

Details of the chemical separation procedures
and the low-level counting techniques used
may be found in the AFSWP-893 Document.
The program was set up to obtain 24-hour

urine specimens from 10 individuals at each of

a number of stations throughout the United

States and overseas. The selected continental
stations (Table I) are shown on the map (fig. 1).

The data from the widely scattered over-
seas stations will not be presented here, but
are available in AFSWP-893.

In Figure 2, the average activity of iodine-131
per group of 24-hour urine specimensis plotted
versus the collection time. Along the lower
abscissa are indicated the dates which cor-
respond with the collection week numbers of
the upper graph.
The x's scattered below the upper graph in

Figure 2 indicate the passage of clouds at the

altitude shown in relation to the shot times.

No outstanding correlation is seen.

Tasuk J.--CONTINENTAL COLLECTION
STATIONS

A. Letterman Army Hospital, San Francisco, Calif.

B. Fitzsimmons Army Hospital, Denver, Colo.

C. Brooke Army Hospital, San Antonio, Tex.

D. Walter Reed Army Hospital, Washington, DB. ©.

E. Fairchild Air Force Base, Spokane, Wash.
H. March Air Force Base, Riverside, Calif.
J. Nellis Air Force Base, Las Vegas, Nev.
K. Luke Air Foree Base, Phoenix, Ariz,
L. Lockbourne Air Force Base, Columbus, Ohio

M. Tinker Air Force Base, Oklahoma City, Okla.
NX. Hill Air Force Base, Ogden, Utah
Q. Seott Air Force Base, Bellville, Ill.
P. Selfridge Air Force Base, Mount Clemens, Mich.
8. Donaldson Air Force Base, Greenville, S.C.

. T. MacDill Air Force Base, Tampa, Fla.
W. Westover Air Force Rase, Chicopee Falls, Mass.

X. Camp Mercury Air Force Base, Nev.

The lower graph in Figure 2 shows the

gummed paper data supplied by Hisenbud’s

group. There is not the good correlation

between the biological data and the physical

determinations that we had hoped might

obtain.
Camp Mereury, Nevada (fig. 3) is of especial

interest because of its proximity to the test

site. Thefigure is self-explanatory.
Figure 4presents the data from Oklahoma

ity. Unfortunately our collection program

ceased just at the time the iodine-131 excretion
reached its highest point, so we were unable

to record any subsequent data.
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The data presented in the upper graph of

Figure 5 is from Ogden, Utah, while the lower

graph is from the nearest, gummed paper

station, Salt Lake City. There appears to be
rather good correlation in this instance between

the passage of clouds and the exeroted iodine-
131 activity.
The data obtained from the Denver samples

(fig. 6) are particularly interesting from the
third through the seventh week. The diminish-
ing level of excreted activity follows closely (he

physical decay curve of iodine-131 over that
period, There was no precipitation and no

additional cloud passage over {hat area during
the 5-week period. Individuals varied greatly,

but the average of 10 specimens yields the
smooth decay curve.

Table [I shows the average values obtained
for 24-hour specimens at several locations for
the entire test period, February 22 to May 24,

1, S. collection stations,

1955. From this data one could roughly esti-
matethe thyroid burden.

Tante H.--AVERAGE [ODINE-131 ACTIVITY IN
24-0UR URINE SPECIMENS COLLECTED
FEBRUARY 22 TO MAY 24, 1955

Ogden, Utah

Camp Mereury, Nev.
Belleville, 111.
Denver, Colo . ..

Oklahoma City, Okla.
Washington, D, C

Chicopee Falls, Mass

San Franeisce, Calif. .

134 dpm/24hr spec
98 dpm/24 hr sper

74 dpm/24 hr spee

60 dpm/24 hr spec

§2 dpra/24 hr spee

20 dprma/24 hr spec

12 dpm/24 hr spec

11 dpm/24 hr spec

Some thyroid autopsy specimens were as-

sayed during the test period, but most ef these

were so long removed from the biosphere that

no significant activity was observed.

The maximum amountof iodine found in any

individual 24-hour specimen was 774 dis-

integrations per minute. We found iodine-133
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withits 22-hour half-life in someof the samples.
This suggests that an appreciable amount of

a the radioiodine enters the body through inhala-
i tion rather than proceeding through the food

pot, cycle.
Wl In looking for strontium-90 in these samples,

 

f we found a maximum value for any one sample

' of 2.3 disintegrations per minute. However,

4 the everage value of strontivm-90 in the speci-

i mens collected prior to the test period was 0.09
i disintegrations per minute per 24-hour urine
1 specimen.
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Figure 7 shows an attempt to correlate the

iodme-131 with the strontium-90 activity in
the samples, Theiodine activity here was cor-

rected to shot time rather than to collection

time as is the case for the other graphs.

The strontium data could only be obtained by

pooling mauy individual specimens. The

yttrium-90 daughter separation and counting

procedures used were identical with those of the

Chicago Sunshine Laboratory.

in conclusion we can report that strontium-90

activity measurably increased during the inter-

  
3 o T

AV
.
D
P
M

L'
5!

P
E
R
2
4
H
O
U
R
UR
IN
E
S
P
E
C
I
M
E
N

o
=

fo
]

Oo
F

T

 

bie il
265 234     

  
 

60 z
=

40 5
a20 °

0 z

wee | 2 38 4 §&§ 6 F 8 9 0 iH 13 14

SHOT# | 2 3 4 5 67 89 IO) t2 13 14

| |
FEB. MAR. APR, MAY

Fraure 3.—-Camp Mercury, Nevada.

 

EXCRETION OF RADIOACTIVE FISSION FRAGMENTS BY MAN 169

 

=
aa

=
o

iso
an

i160
£
> 140
a

3 120
x=

%; 100

& so
a

% 60
4
= 40
a

S 20
z

0
wk #

2 —

Ze 10,000} _,
wi

Ge tso00lL. x
bz
a= 30000] x

*>40,000L. | t 1 it

SHOT# 12 3 4 5 6,7 8

1 1.
Qo 22 ( 8 1S 220 «29

FEB. MAR.

 

Ht off
5 2 Lh] 26 3 19 7 24

APR. MAY
Fraurs 4.—- Tinker Air Force Base.

val between Operations Teapot and Redwing.

This increase is in part due to foreign weapon

tests. In the United States, the average level

of iodine-131 excretion during Operation Red-

wing is not. markedly different from the level

observed during Teapot. Specific data from

the Redwing period will be available in a forth-

coming report.
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RELATIONSHIP BETWEEN I'5! ann sr? activity
(CORRECTED DATA FOR POOLED SPECIMENS

BY WEEKS AND STATIONS)
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METABOLIC STUDIES WITH STRONTIUM-90 IN THE

RHESUS MONKEY

(Preliminary Report)

By P, W. Durstn, M. W. Parrort, M. TH. Winurams, M. E. Jounston, C. W. Asuna,

and J. G. Haminron, with the technical assistance of N. Jevne and 8. A. Cote

University of California Radiation Laboratory, Berkeley, California.

ABSTRACT

Adult rhesus monkeys eliminated 56 percent

of administered Sr”, compared with 28 percent

of Ca®, in the urine during thefirst 10 days after
intravenous administration.

The Sr™ concentration in the vertebrae was

found to be reasonably representative of the

skeleton as a whole in two animals whose skele-
tal distribution of Sr® was studied. Successive

amputation of caudal vertebrae is therefore

recommended as the simplest and safest method
of acquiring information on long-term skeletal
retention of Sr® in valuable animals with long
life spans.

Average half times for skeletal retention of
Sr” were calculated for an adult male, 470 days,
and for an adult female that had experienced 3
closely spaced pregnancies, 315 days.

Half times for skeletal retention of Sr® of
155 and 195 days were calculated for the first

10 months of life of two offspring born to an

injected mother.
One infant monkeyretained an average of 18

pereentof Sr® administered daily by mouth for

13 weeks, whereas 6 adolescents retained on the

average less than 5 percent of a daily dose dur-
ing the same periodof time.
A measurable amount of Sr™, 23.5 dpm/g

bone ash, was foundin the skeleton of an unin-

jected control animal.
Placental transfer from a mother with a

fairly well-fixed skeletal burdenof Sr” amounted

to about 8 percent of the Sr” content of the

mother’s skeleton at term.

The Sr® concentration in milk samples fram

an injected female taken shortly after the birth
of her secondoffspring (402 days postinjection)
was 3 to 4 times the Srlevel of a plasma sample

taken a few days later.

INTRODUCTION

It is generally agreed that Sr™ is potentially

the most dangerous of thefission products. It

is produced inrelatively high yield in the fission

process, and has a long physical half-life

Manyof its compounds are quite soluble and

are readily absorbed by both plants and

animals, Once absorbed by an animal, Sr® is

retained for long periods in the skeleton[1].
Dudley [2] has compiled a survey of the

literature on Sr® in mammals to mid-1954;

this survey is in the formof tables setting forth

the animals employed and their age, the dose
administered, the length of the sudy, and the
effects observed. Numerous investigations

have been madeor are under way of the absorp-

tion, distribution, and elimination of strontium

isotopes under varying conditions in laboratory

rodents, [1-7] dogs, [8] and domestic livestock

19, 10}.
The most. important animal from the stand-

point of human society is necessarily man

himself. Data currently being applied to
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human beings have been derived chiefly from
three sources: (a) Extrapolation from experience

with Jaboratory animals, undependable at

best; (5) studies of the behavior of stable

strontium in normal man; [11-13] and (e) tracer

experiments with shorter-lived radioisotopes of
strontium in patients with advanced diseases,
usually neoplastic (14, 15]. For obvious rea-

sons data on Sr® in normal human beings can

be obtained only from accidental contamina-
tion such as that reported by Cowan ef al.

{14] and the exposure of the Marshallese during

Operation Castle (17-191.
Tt was believed that another primate, the

rhesus monkey, might provide valuable clues

to the behavior and effects of Sr” in man despite

the differences in life span—20 years vs. 65
years-~and diet-—~herbivorous vs. omnivorous.

Edington ef al. (20] reported that 0.5 mC/kilo

of S:™ was lethal to monkeys in 35 to 60 days.

Using microradiographic and autoradiographic
techniques, Jowsey e¢ al. [21] found that in the

tibiae of monkeys Sr was laid down quite
unevenly, and apparently only in areas of bone

growth.
This reportis a summaryof the data obtained

during the past 2% years in the course of a

series of investigations with Sr® in the rhesus
monkey (Macaca mulatta).

METHODS

General Care of the Animals

The animals used in these studies were adult,
adolescent, and infant rhesus monkeys of both
sexes, Adults and adolescents were maintained
on the diet shown in Appendix I unless other-
wise specified. They were fed early each
morning; the entire daily ration was offered at

thal time. “Upon receipt, each animal was
tested for tuberculosis and X-rays were taken

for age determination.’ The TB tests were

repeated at least annually. All animals in the
colony were weighed once a month. Complete
blood counts were also taken monthly. Peri-
odically the colony was checked for intestinal

' Tabulation of the bone growth date fs still incomplete.

parasites---chiefly worms. When necessary,

Serystoid” tablets (0.1 g, Sharp and Dohme)

and/or gentim. violet capsules (4 gr, Lilly)
were administered until] very few worm eggs
could be foutid in three consecutive daily stool

samples. Miscellaneous problems in eare were
handled with the help of a veterinarian and a

dentist. Prior to use in an experiment, all

animals were maintained in the colony for a

conditioning period of 3 ta 6 months.

Intravenous Studies

Three adults, Supe (a normal healthy male},
Tony (an older male with an “arthritislike’’

condition of the lower extremities), and Rosy
(a 3-months-pregnantfemale ?) were each given

35uC of carrier-free Sr® as the equilibrium

mixture of Sr®Y" and 135uC of high-specific-

activity Ce* intravenously in isotonic sodium

citrate? One adolescent, Pat, received only
Sr®, 3 months after being placed on a low-

calcium diet (the standard diet without the

milk and vitamin supplements).
After injection of the radioisotopes all

animals were placed in metabolism cages, and
daily collections of urine and feces were made
for 10 days. After the initial 10-daycollection
period the animals were returned to their

regular cages. Fecal samples were obtained
periodically without transfer af the animals
from their regular cages.

Stupe and Rosy were kept for breeding and

long-term study. Pat was sacrificed 94 days
after injection, and Tony, 242 days after

injection, both with overdoses of nembutal.

Muscle was dissected from the various parts of
the skeleton, which were ashed individuallyfor

radioactive assay. Muscle and soft-tissue bal-

ance were also preparedfor assay. Bone biopsy
samples were obtained from the two remaining
adults and one uninjected adolescent female by

amputation of two caudal vertebrae. The
operations were performed under aseptic con-
ditions and were followed by a course of

antibiotics.

2 Gestation period for this species is 6 months,
¢ Both isotopes were obtained fram Oak tidge National Laboratory
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Breeding Experiments

To date Resy has been successfully mated

with Stupe and has berne three apparently

normal offspring. The first, Willic, was born

98 days after the mother received her Sr

injection, Betty was born 402 days postinjec-

tion, and Henry was born 840 days postinjec-

tion. Daily milk samples of 1,2 to 8.3 mi were

obtained from the mother with a breast pump

from the third to the sixth dey after the birth
of the second infant, Betty. The Sr™ levels of

the red blood cells and plasma of the mother
were obtained 30 days later. All three infants

were removed from the mother at birth and
have been raised on formula by members of the

staff. The formula and dietary supplements
are shown in Appendix II. A careful record

has been kept of the food intake, body weight,

and blood countsof the infants.
The Sr burdensof the first two infants were

checked when they were 3 months old by in

vivo counting of the Bremsstrahlung produced

by the Y™ beta particles with two 2-inch sodium

iodide seintilation counters. Bone biopsies

(caudal vertebrae) were obtained from Willie

and Betty at 20 and 10 months of age respec-

tively. Fecal samples were obtained period-

ically from each animal for Sr® assay.

The youngest, Henry, was checked for Sr®

content 8 days after birth by the above-men-

tioned in vivo method. This animal has worn

plastic pants and a diaper (fig. 1) since he was

a few days old so as to facilitate collection of

exereta, Pooled excreta were collected daily

from birth until age 36 days to establish the

rate of elimination of the Sr® acquired in utero.

When 36 days old he was put on a long-term

low-level feeding program. For the past 5

months he has received daily in his first bottle

0.0043 pC of Sr® as the equilibrium mixture

except on weekends and holidays. Since the

iniliation of the feeding program, pooled daily

excreta have been collected, ashed, and assayed

for Sr®4 Retentinn has been measured by (a)

calculation from excretion data, (6) periodic in

vivo counting, and (¢) caudal vertebral biopsy.
enemies
Unfortunately, urine and feees are not readily separable,

 

Fraune 1.— Infant monkey with plastic pants and diaper,

Absorption and Retention in Adolescents

Six adolescent monkeys,’ two males and four

females, have received daily 0.0066 uC of Sr®

as the equilibrium mixture except on woek-

ends and holidays since Tune 26, 1956. A

round slab of banana is scored with a knife,

and 0.1 ml of a dilute saline solution of Sr®

is spread over the scored portion. The “spiked”

banana is offered to cach animal at least 10

minutes before the rest of the day's ration is

presented.- So far, there have been few diffi-

culties in this feeding procedure because the

animals are hungry, and bananais their favorite

food. At the beginning of the feeding period

the animals were housed in metabolism cages

for collection of excreta. The separation of

urine and feces is not complete because of the

semiliquid nature of the stools, particularly

after treatment for worms. Excreta are col-

lected every other day and pooled on a weekly

basis for assay. Twelve weeks after the

initiation of the feeding program three of the

5 Estimated age at fil lationof feeding program: 2 Years.
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animals were placed on a low-calcium diet ¢
consisting of fruit and vegetables; a milk

substitute of butter, sugar, hydrolyzed casein

and water (in the same proportions as are
present in whole milk); and the usual supple-

ment of vitamins andiron.

Radioactive Assay Procedures

Samples with very low levels of activity,

such as blood and milk from injected animals
and bones and excreta from infants, were sent

to Nuclear Seience and Engineering Cor-
poration, Pitisburgh, Pennsylvania, for assay.

Bones and excreta from injected animals and
those on the feeding program were assayed
according to the following procedure: After
dry ashing, the samples were digested with
concentrated HNO,or agua regia until solution
was nearly complete and then evaporated to
dryness. Dilute HNO, was added so that 10

ml of the final solution represented approxi-

mately 0.5 g of ash. Small aliquots were
taken from samples containing both Caand
Sr™, transferred to weighed gold plates, and
treated according to a procedure described
previously [22}. All samples were stored for

at least 30 days to allow for attainment of
radioactive equilibrium. The Ca“ and Sr®
beta-particle activities were measured with a
thin-end-window G-M counter by differential

filtration. Aliquots of samples containing only
Sr® were placed in weighed porcelain ashing
capsules, evaporated to dryness, and counted
with a G-M counter. In each case the appro-
priate corrections were made for self-absorp-

tion, and corrected counts were compared with
an aliquot of the administered dose.

RESULTS

Distribution and Excretion of Intravenously-
administered Sr

The decline in urinary excretion rate of
intravenously administered Sr® is shown in
Figure 2 for four adult rhesus monkeys. Be-
 

¢ The reguiar diet contalns 1,395 tg of calcium per day and the low-
salolum clot, 69 mg caleluin per day.

URINARY EXCRETION OF INTRAVENOUSLY

ADMINISTERED SR-90 BY ADULT MONKEYS

‘
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® PAT, young adult «
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Figure 2.-~Urinary ercretion rate of Srby adult rehesus
monkeys.

cause of the wide variations in the curve shapes
for the individual animals, a scatter diagram

with an average curve (broken line) is shown.

The average urinary excretion curve (broken)

has two components with half times of 0.8
and 4.2 days.

A comparison of the cumulative urinary ex-

cretion of Ca* and Sr” is shown in Figure 3 for

two of the adults. In contrast to the wide

variation in the individual rate curves, the

cumulative curves are quite similar for these

two animals. Renal excretion of Sr® was

apparently more efficient than that of Ca*.
Similar results have been obtained for other
specios (15, 23, 24]. Figure 4 shows the fecal

excretion rate of Sr® in the two surviving adults

to 900 days postinjection. The slope of the

slowest component, which appears at about

200 days, was similar for the two animals despite

the fact that the female had experienced three
elosely spaced pregnancies. It is quite un-
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URINARY EXCRETION OF GA-45 AND SR-S0
BY THE ADULT RHESUS MONKEYor
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Ficure 3.—Cumulative urenary ereretion of Ca® and
Sr? by adult rhesus monkeys.
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Ficore 4.~—Feral excretion rate of Srby adulf rhesus

monkeys.

likely that the urinary excretion-rate curve has

a different shape, inasmuch as the Sr” elimi-

nated bycither routeis derived from the same
source, namely, the circulating blood. Experi-

ments are under way to test this point.

Table I shows the distribution of Sr in the
various paris of the skeletons of an adult. and

an adolescent monkey. The ratios Sr®:Ca‘®

for the skeletal parts are shown for the adult,

As might be expected on the basis of age,

differences in diet, and postinjection interval,

the Sr® Jevel was generally higher in the bones

of the adolescent. These differences were
more striking in flat bones than in the long

bones. The Sr® content of the vertebrae

secins to be reasonably representative of the

skeleton as a whole. It was for this reason, as

well as the simplicity of the operative procedure,

that caudal vericbrae were selected for bone
biopsy.

With the exception of scapulac, paw bones,

andribs, the Sr™:Ca® ratios were quite similar

for the various bones. The mean Sr:Ca ratio
for the entire skeleton of this animal was 0.52.
The body burdensof Sr in the two surviving

adults, estimated from bone biopsy, are shown
in Table IL. Average half times for Sr® were

ealeulated for the male and female, based on
retention 10 days after injection (57.7 percent

and 36.3 percent of the administered dose

respectively), and on the estimated body

burdens at approximately 600 days. For the

male the average half time was 470 days, and

for the female, 315 days. The successive

pregnancies of the female (but without lacta-

tion) appeared to hasten the elimination of Sr™.

A measurable amount of Sr®, 1,540.5 dpm,’

was found in a 63.8-mg sample of vertebral
ash obtained in August 1955 from Alice, an

animal that had not been given Sr®. This Sr”

does not seem to be due to contamination,

because a great deal of care was exercised to

avoid contamination during the operative and
ashing procedures.
 

Tt Martell reports that. the error Jn measurement of Sr® by the “Chicaro

Sunshine Method” used by Nuclear Science Engineering Corporation

is less than £0 pereent (25), ‘Theactivity of this sample was well within
their limits of sensitivity,
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Taste I

Thedistribution of carrier-free Syin the rhesus monkey after intravenous administration, Faeh animal received
35 uC Sr®; Tor ed 135 wO Ca  
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® Arthritie (1. e, pelvis and lumber and caudal vertebran heavily caicified and fused).
‘Included with lumbar and caudal vertehrae.

Tasun IT

Spe content of biopsy samiples of caudal vertebrae from injected adult male and female rhesus monkeys, the first
two offspring of an injected female, and one control female. Tnjected animals received 35 uC Sr% intravenously

   

 

  

  
  

   

Estimated age at ” Tied . tat] dpm sie “an|Retimated8boaAninial sampling Days postinjection Rource Bodyae‘ Eeteaee eaeae”__ ke) vertebrae

Rosy. -..2.) 5 @yr -.. _.| 688.0... 2. 2 Hooper Fdn .. ..j 4,85 2.95 x 106 3.2
Stupe. --| 5.5-6 yr... . | 628.200... -- --do .. «| ibd 5.95 x 10¢ 8.2

3.5 yr... ~-f OF LL... na -| Commereial.... 2. 3.35 1.53 x 108 11g
20mg... .. ..| (98 for mother)... Rory and Stupe .. 2.95 5.5 x 102 3.6 + 107
10 mo... ... -| (402 for mother). . fo... dow... - 1.99 8.3 x 10? 3.7 x 107°
3-3.5 yr. -| None-coutrol . . Commercial, . 3.84 2.35 x 10! 2x 107%    

- © LC =2,22 x 10¢dnm; body burdenbased on estimatefrom Table I that Se concentration In eattdal vertebrae ts representative of total skeletal Br:
reneeah content. of monkey hone (plus marrow) takenas 27.5%; percent body weight of hone estimatedat 18%for infants and femates and 10% for

* Actual measured body hurden15 aC; error of estimate of this sort Is thus In the range of W%.
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Samples of milk were obtained from Rosy for

four successive days shortly after the birth of

her second infant. Table IL] shows the Sr

level in the milk, the daily fecal excretion rate at

that time, and the Sr® content of plasma 1

month later. Exceptfor the first sample taken

3 days posipartum, the milk concentration was

from three to four times that in the plasma.

The blood-count data have proved to he of

little value because of the introduction into the
eolony late in 1954 of a blood parasite similar to

Bartonella. Theoriginal infected animals were

destroyed, but Rosy and Stupe apparentlystill

remain carriers, and the parasite is now endemic

in the colony,

Sr” in Infant Monkeys

Table IV gives the Sr” contentof thefirst two

infant monkeys 3 months after birth, and 8 days

after birth of the third as determined by in vivo

scintillation counting. The last two lines in

Table IT show the Sr® burdens calculated from

bone biopsy samples for the two older monkeys,

Willie and Betty, at 20 and 10 months of age,
respectively.
The Sr® burdens of these animals apparently

had no ill effect upon their growth rate, as

shown in Figure 5. The growth rates of the

three siblings wereveryclose to that reported by

Pickering et al. [26] for infant monkeys of this

species raised under similar conditions. During

GROWTH OF THREE RHESUS MONKEYS.
BORN TO S90 BEARING MOTHER

 
aeo)

DAYS OF AGE

Friaure §.—Growth of three rhesus monkeys bern ww

Srbearing muther,

the first 6 months to a year the blood counts of
all three infants were within normal limits.*

Samples of pooled urine and feces from Betty

at 14 and 140 days of age contained 260 dpm/
day and 38.6 dpm/day, indicating that the Sr”

acquired by placental transfer was eliminated

fairly rapidly. Nearly a year after birth (305

days), Willie, the oldest, was still exereting Sr®

in the feces at a relatively high level: 205 dpm/
day. Morc recent excretion samples from these
two animals have not yet been analyzed.

Onthe basis of the data in Table IV, and the

calculated body burdens shown in Table IT,

approximate half times for elimination of Sr®
during thefirst 10 months of life were calculated

for the (wo older infants: 195 days for Willie,
and 155 days for Betty. Extrapolation back to

the timeof birth of these two infants provides
a roughestimate of the placental transfer of Sr®,
Io the first-born, Willie, placental transfer

accounted for about. 0.3 wC Sr™, or 3 percent. of

the mother’s retained dose; the retention by the

mother was calculated from her half-time value
of 315 days. Rosy received her Sr injection

halfway through the second trimester of her

first pregnancy. The exirapolated Sr™ content

for the second offspring, Betty, was slightly

more than 0.15 eC, 2.9 percent of the mother's

retained dose 402 days postinjection. Wher

Henry, the third offspring, was 8 days old, an

in vivo count was on the borderline of the sensi-

tivity of the counting method, and the Sr®

burden was estimated at something less than

0.1 2C, or slightly more than the 3 percent cal-

culated for the other (wo. Although the num-

ber of individuals was small, and the measure~

ments subject. to errors of about 15 percent,

placental transfer of a gradually declining

burden of Sr” can be estimated at something

close to 3 percent of that in the mother shortly

before the birth of the infant.

8 At age [4 mo Betty's red blood cell count dropped to less than one

mitlion. .4 few days later she succumbed, apparently as the result of in-

fection with tha blood parasite mentioned above. Her skeleton 18 cur-

rently being processed for assay WUwas infeetod at the same time

but responded lo a lieroic course af treatment with “Araten,"chloroquin
hydrochloride (Wintlirop-Stcarns), and massiveLnjectionsofliver, Iron,

and folic acid. His red cell count has remalnedat from 4.1 to 4.5 millon
for the past $ months, and he has continued to gain welght at an
apparently normalrate.
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Tasre III

The blood level, fecal excretion rate, and milk concen-
tration of Srin an adult female rhesus monkey,

Rosy, 3 to 40 days after the delivery of her sceond

offspring on the 402nd day after receiving 35 uO of
&r® intravenously

oe i
Sample Days postinjection * “army

Plasma......-.-... 449 3.7 X 10-6
Red blood cells... ._ 449 1.6 X 10-¢

(Second affspring
borne 408 daysMilk; postinjection}

3 days post partum. 405 2.6 x 10-9
4 days post partum. 406 6.5 K 10-6

§ days post partum. 407 9.1 X 10-*

6 days post partum. 408 1.7 X 10-5

Fecal excretion rate. 397 to 407. 1.1 X 107? %/day

Tapue IV

Placental transfer of Sr in the rhesus monkey esti-

mated by in vivo scintillation count of the infants

 

 

  

Vital statisties Counting

| Bay Esti-

Animat Birth date |mother Date edit) nae
Injected content «

GC)

Willie... TfT{54 98 |10/20/54 |1041) 0. 22

Betty_....| 5/7/55 |402 8/12/55 |97 -10

Henry...... 5/20/66 |840 5/28/56 8| <. 10  
  

+ Low pounting rate makes for probableerror of at least 25%.

Table V shows the retention by the infant
monkey, Henry, of orally administered Sr™ for

the first 13 weeks of the feeding program. The
daily excretion pattern is not tabulated, butis

of some interest. because it is so consistent.
Values for a typical week were as follows:
Monday, 36.5 cps; Tuesday, 39.4 eps; Wednes-
day, 42.3 eps; Thursday, 43.4 cps; Friday, 49.8
cps; Saturday, 6.0 cps; and Sunday, 5.1 eps.
The dose averages 62 cps/day Mondaythrough
Friday. The mean weekly retention during

this 13-week period was 18.2 percent of the
administered Sr™, or 0.048 uC. Although the

level of activity in the animal is still too low
for accurate in vive counting, a Sr® measure-

ment was madebythis method after 12 weeks of
Sr® that agreed fairly well with the retention

HAZARDS OF A PALLOUT FIELD

calculated by difference in administered and
excreted Sr™.
The data on retention by the adolescent

monkeys of oral Sr™ are being analyzed at the
present. time, and accurate values cannot be
given as yet. Based ontheinitial caleulations,
an upper limit of something less than 5 percent,
can be set for the retention of oral Sr™ by 2- to
2.5-year-old monkeys, ,

TaBLe V

Retention of 0.0043 pC Srfed daily as the equilibrium
mixture of Sr-Y% in milk to an infant monkey

Feeding was started at age 36 days

  

 

 

 

    

Weeks Srfed Retention
dpm x 104

dpm/week x 108 % weekly dose

4, 42 6. 63 15

3. 67 815 22.2

4,65 5. 25 11.3

477 9.16 19. 2

4. 72 13, 92 29.8

4.75 6. 74 14.2

4.75 10. 83 22.8

4.75 6. 32 13.3

4. 65 3. 63 7.8

4.70 10. 81 23. 0

3. 78 10. 05 26.6

4.75 6.94 14.6

4.75 9. 02 19.0

DISCUSSION

Most of the results described above were
obtained from measurements on only a few
individuals; nevertheless, some tentative con-

clusions may be drawn. The metabolism of

Sr in the monkey followed qualitatively the

pattern described for other species [1-10].

Early elimination was chiefly urinary; later,
excretion occurred in urine, feces, and milk.

Retention was prolonged, and in the adults
the half time was on the orderof 400 days. The

most widely quoted half time for skeletal
retention of Sr® (>200 days) is that derived
by Hamilton [1] from experiments with adult

rats. This figure was rechecked recently in
this laboratory in a double Jabeling experiment   

METABOLIC STUDIES

with Ca® and Sr® in rats, and the half time

obtained was on the order of 350 days or about
one-half of the animal's remaining life expect-
ancy [27]. The biological half life for Sr® in

man currently accepted by the International

Commission on Radiological Protection {28] is

11.2 years and is based on the original work

by Hamilton [1] and by Sullivan et af. [29]

with rats. With corrections for the difference in
life expectancy—-20 to 25 years for the rhesus

monkey and 65 to 70 vears for man —a biological

half time based on the monkey data presented
in this report would be in the neighborhood of

3 years, or about one-fourth of (he currently
accepted value.
The turnover of Sr™ was much more rapid

in the infant monkeys; the half time can be

set tentatively at about 6 months.
Placental transfer from a mother with a

relatively firmly fixed Sr® burden was roughly
3 percent of the Sr™ retained by the mother
at term. The concentration of Sr® in the milk

of the breeding female was 2 to 4 times the
plasma level, indicating that for this species a
significant amount. of Sr? would be transferred
to the nursing young. Seeretion of Sr® in milk

and its subsequent accumulation in the bones

of the young has been demonstrated for rats
and mice [4, 30] and for cows [31].

In the infant monkey with a rapidly develop-

ing skeleton, 18 percent of orally administered

Sr® was retained, compared with less than,

5 percent for adolescent monkeys with pre-

sumably nearly complete skeletal growth. It

should be noted that the diet of these latter
animals was much richer in calcium, phos-

phorus, and protein (designed to resemble the
diet of Western Man) than what would be
available to them in their natural habitat.
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Appendix I.- Standard monkeydiet

   

 

Hera Source Daity ration »

Fruit and vegetables:

Apple. .---2---..0- =. 4

Orange... - M4
Banana. - ¥
Carrot... : 3 med.
Peanute.- 22-222 22--- 1 doz

 

Chim Biseuits-—-2 o2.... Kennel Pood 2
Supply Co.,
Fairfield,

Conn.
Whole milk, reconsti- Golden State I pt
tuted powdered. Co.

Dietary supplements add-

ed to milk:

“Meritene” —protein Dietene Co., 134 tbsp >
supplement Minneapolis,

Minn.

“Vi-mix Drops’--Vit.  Lilly_.---..--. 0.5 ce®
A, B complex, D

“Zymatinic Drops"---
Vit. B complex, iron,
liver .

* Average amounts for 2- to 5-kg monkey, adjusted upwardfor larger

animals,
’ One-half human adult minimum daily protein requirement

* Anproximately equal to human[nfant minimum daily requirement.

Upjohn....-.. 0.5 ec ®

Appendix II.—Infant monkey diet

Tem. Souree Daily ration
Formula:

Whole cow's milk (16 02), Local... 8 to 9 oz*
Buctose (3 tbsp)

Fresh fruit: (orange, apple, ..-.do.... 20¢

banana)

Dictary supplements:

“Vi-daylin” (Multivitamin Abbott.... 1 ec >
mixture)

“Feosal” (Fe8Qi) ....-. Squibb... 1 ee®
* Formula constitution givenfor infants 2 months of age and older-

A more ditute formulaIs useil for the first 2 months,
+ Approximately one-balf humaninfant minimumdaily requirement.  
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DISCUSSION

Patricia W. Durbin

Dr. Lanaiam. I would like to ask, did I

understand that you were or wore notsatisfied

with whole body counting of Bremsstrahlung
as a means of measuring strontium 90 iu these

animals?
Dr. Durriw. I think whole body Brems-

strahlung counting is a splendid idea, and [am

sure that we would be much moresatisfied with

it if the equipment that we had to work with

were a little bit more accurate and certainly

a good deal more sensitive. At the present

time our lower limit is a tenth of a microcurie
in an animal that weighs about a pound and a

half. I am sure with a liquid scintillator or

larger crystals we could do a great deal better

than that.
Dr. Lanauam. With the larger crystal you

could. With the liquid scintillator, you could
not get anything probably to amount to much,

because it has about a 300-kilovolt cutoff in
energy sensitivily, The bigger crystal might.
The reason 1 was asking this, is that this is

heing proposed as a means of determining the
strontium burdenin the chronic dog experiments

being planned iu Davis, Calif.



 

PLUTONIOM CONTAMINATION FOUND OFF-SITE FOLLOWING

ONE-POINT DETONATIONS

By M. W. Canter and 0. R. Pracax

U.S. Public Health Service, Las Vegas, Nevada

 

A series of four experiments were conducted

during the winter of 1955 to determine if acci-

dental detonation could occur and, if so, the

potential spread of contamination resulting

from accidental detonation of devices.
The off-site area includes all Lerritory within

an approximate 100-mile radius, but. excluding
the actual detonation area. A comprehensive
report of these activities has been prepared and

is available in thefiles of the Las Vegas Branch,
Test. Division, Albuquerque Operations Office,

U. 8. Atomic Energy Commission.

Estimation of alpha contamination over

many square miles of desert is not an estab-

lished routine undertaking. The following

methods were used for monitoring purposes:

(1) Surface monitoring with portable pro-

portional alpha survey instruments (Pee
Wee).

(2) Fallout trays (80 square-inch sampling
area) smeared with a relatively nondrying

adhesive alkyd resin. These were placed in
rings around the detonation area to distances

of approximately 30 miles.
(3) Staplex air samplers using gless fibre

filter papers andan effective filtering area of
63 square inches. Filter runs of 24 or 48

hours were accomplished without appreciable
loss of flow rate. Air samplers were located
in 11 populated communities surrounding

the Nevada Test Site and at 12 locations
on the site The maximum distance of air
sampler location was 95 miles.

(4) A mobile air sampler consisting of a
Staplex sampler shock mounted on a trailer
unit towed by a Jeep was used to simulate

work-party conditions in areas where ground

contamination existed.

Pee Wee survey instruments are very useful
in the field for locating contamination and for
determining the order of magnitude of such
contamination, Survey instrument readings

should be considered as indicative of the mini-
mum amountof alpha contamination present |

ata particular spot andnot as areprcseatative
value for an extended area of desert. Results
of alpha survey instrument. monitoring indicate
the extreme variability to be expected over a
relatively small area on the same type of

surface, For example, on a limited area of

concrete pad, Pee Wee readings varied from 500

counts per minute to 1,400 counts per minute.

There appears to be no strict correlation
between Pee Wee ground surface readings and
laboratory counts on fallout trays located at
the same spot. In order to havestrict correla-
tion it would be necessary to have uniform

distribution over the entire trayarea in addition
to the same amountof dust overlay acting to

shield each uniformly distributed particle.

Fallout trays proved to be a simple con-

venient means of monitoring plutonium con-

tamination. They are easy to monitor in the
field and are easy to collect and transport to a
central laboratory for more detailed analysis.
Theyalso serve to differentiate new fallout from

residual alpha “contamination which may be

present in the same general area. Maximum
contamination found on a fallout tray was
100,000 disintegrations per minute per square

foot at a distance of approximately 5 miles.
185
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Detectable contamination was noted on fallout
trays located at distances of 50 miles

All air sampling stations, at some period

during the tests, have indicated plutonium

concentrations in (he air. The highest single
daily exposure within the Nevada Test Site
occurred at Gate 385 and amounted to 154
disintegrations per minute per cubic meter.
The highest single exposure beyond the confines
of the Nevada Test Site limits occurred at
Indian Springs, Nevada, and amounted to 5.3
disintegrations per minute per cubie meter.

Detectable plutonium was found on air sample
filters at distances of 100 miles and these
results were confirmed by chemical analysis.
The pattern of contamination was the same

for all air samples at all locations. Depending
on the distance from the point of detonation,

there was a sharp rise in alpha counts on air
filters on shot dayor the day following. This
persisted for 3 to 4 days with decreasing in-
tensity, with a return to background levels on
the fourth orfifth day.

After an area has been contaminated, surface

monitoring readings are inadequate to measure
the hazard to work parties in this area. A
mobile trailer mounted air sampler which could
collect’ the dust stirred up by the towing
vehicle was used to simulate working condi-
tions. There is little correlation between
these twa types of readings. For example,

the same air concentration of about 200 dis-
integrations per minute per cubic meter was
obtained in areas where the Pee Wee readings
were 1,000 counts per minute, 14 counts per

minute and 7 counts per minute. The dis-

crepancy between the two types of measure-

ment increases with time. This is under-
standable when one considers that weathering

due to rain and wind erosion tends to cover
up the alpha contamination and to render it

undetectable by survey instrument monitoring.
There is continuous redeposition of plutonium

due to wind action, butthis appears to represent

relatively minor concentrations, that is less

than one disintegration per minute per cubic

meter on air filters.
A workable method for decontamination of

a relatively large aren of the Nevada Test

Site consisted of removal of tapsail in theareas
of highest contamination and harrowing,

wetting, compacting andstabilizing the balance
of the arcainvolved,

DISCUSSION

M. W. Carter and 0. R. Placak

Dr. Lancaam. Thank you Mr. Placak.
This, of course, is a problem that has been

rather dear to our hearts for some time now

with regard to the possibilities of contamination

from such detonations. Certainly the process
of harrowing a piece of land and thereby
mixing the plutonium with a greater amount of
inert material is very comparable to the old,

old trick of painting a laboratory surface with
a coat of paint in order to remove plutonium
contamination from the zone where it could
become a potential health hazard. So these
to me seem to be very sound practices with

regard to the decontamination of the area
All one has to do is to mix the plutonium at

the surface with one centimeter of the upper
earth’s surface to produce a dilution factor of

1 105.

Do we have any other comments on this

particular topic?
Dr. Wrekxorr (Bureau of Standards). May

I suggest that this seems to be a testsituation
which offers a unique opportunity for making
measurements of the fine structure of fallout
patterns? Some measurements which were

inquired about during the first day of this
symposium and which it was indicated had
never been made before. If there are particular
buildings or structures in the area contaminated

by plutonium, it would seem quite straight-
forward to make detailed measurements around

these structures to indicate some measure of
the variations in intensity of the fallout in

close to large buildings, the snow fence effects,

and things of this sort.
J wonder if any measurements of this type

have been made by the health monitoring

people?  
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Mr. Praca. Obviously we did not intend

to put anything on the proving ground. It was
supposed to go the other way. What did go
into the proving ground went into an area that
has only one real building, and thatis the old
1953 civil defense house. We didn't make the
measurements that you indicate. However,it

may be very difficult to monitor significantly
and determine the type of information you are
asking for, because practically the only meni-

toring instruments we have are Peewees, or

something similar. We found during this survey
that if you take on the same surface an arca
of concrete about the size of that platform
which was in the fallout pattern and presum-
ably should have been uniformly contami-
nated—if we monitor that very carefully --we
will find a wide range of monitoring results.
They will go all the way from 500 counts per

448029 O—58-——_13

minutes (o 1,500 counts per ‘ite, depending,

T suppose, on small nonuniformities in the sur-
face, how much dustis on the top of the material
or various otherfactors.

It is really difficult. to monitor for this stuff.
Unless we do it as we attempted to do it by

establishing an artificial surface, a fallout tray
covered with an alkyl resin, and then make a

verydesirable monitoring surface, 1 don’t know
how youcan do it.

Have [ answered your question atall?

Dr. Lancuam. I think what this amounts
to is that the short range of the alpha makesit
so unusuallydifficult to detect that the methods
thatare easy for making such measurements are

not sufficiently sensitive to give the detail you
would like to have. This is the principal

objection to it, I think.

 



    

 

RETENTION OF SUB-MICRON AEROSOLS IN THE HUMAN

RESPIRATORY TRACT’

By J. N. Stanwarn and P. E. Morrow

University of Rochester, Rochester, New York

Since the 1930’s there has been a steady
growth in our appreciation of the parameters

which govern the deposition of dust in the
respiratory tract of man and laboratory ani-

mals. Particle size, shape, density, and the

anatomical and physiological characteristics of

the respiratory system all play 4 part. Of

cardinal importance in these is particle size.

A summary of our knowledge of the role of
the particle size, or was until recently, virtually

a summary of our knowledge of the deposition

process. In Figure 1 is a graphic summary of

some key studies on this subject. This is

reproduced from a very timely and informative

survey by Hultqvist [1].

As indicated in the legend, curves 1-5 are
derived from theoretical considerations. They

relate to ideal particles in model lungs, in
postulated gravitational and centrifugal fields.
Curves 6-12 are based on experimental data.

Differences between the experimental curves

are due in part to differences in the respiratory
characteristics and methodology in the various

experiments.

Note that the graphs refer to total retention
in the respiratory tract, i. ¢., retention in the

upper respiratory tract as well as the alveoli.

If the percentage lower respiratory tract reten-

(This paper was not originally intended as more than a 16-15 minute

summary of some current experimental work being done by one of us

(P. EB. Morrow}, However, in view of the rathor extensive reviews pre-

sented on other phases of the fatlout problem at this symposium, the

Paper wus expanded somewhat to fit a more general considezation of

possible inhalation hazards in a fallout field. The experimental work
appeated a8 an abstract in the American Journal of Physiology, £87; 618,

1956, and in a University of Rochester Atomic Energy Project report

(OR-604). The carmplete manuscript has beenaccepted for publication:

in the A. M. A. Arctilves of Industria! Health, ‘This betng the casa, the
Manuscript was revised somewhat In proof to omit experimental details

which can now be found elsewhere.

448029 O--G8—~—14

tion were plotted the relationship would be
similar excepta distinct maximumwould appear

at about 1-2 x diameter. This occurs because

particles above 5 ,» seldom reach the lower

respiratorytract.

The results show considerable variation in

detail, but agree in showing two things:

(1) less percentage deposition at sizes be-

tween 2 » and 0.2 » than at either larger or

smaller-sizes. (This does not supply a mini-

mum in total mass deposition.)

(2) almost complete lack of experimental

information and no notable unanimity of

theoretical opinion in the submicroscopic size

range (i. «., <(0.1 4) where particles are rela-

tively unaffected by gravity or the usual

inertial forces.

From the standpoint of the hazard from in-
haled fallout material, other things being equal,
it will make a great deal of difference whether

the radioactivity is:

(a) Predominantly on particles so large

they will not be respired.
(6) Predominantly on particles in the size

range which will deposit in the upper respira-

tory tract.

(ec) Predominantly on small particles which
will be retained largely in the deeper portion
of the respiratory (ree.

Data on the particle size distribution as re-

lated to the activity distribution are not gen-
erally available for fallout activi

Obviously at earlytimes the activity distribu-
tion will presumably involve a wide range of

particle sizes. Later as settling or aggregation,
ete., occur the bulk of airborne activity may be

{89
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% TOTAL RETENTION IN
THE RESPIRATORY TRACT  

 

  4 win qt.

 

   PARTICLE DIAMETER B.
spenders |—nepomer
 i | .
005 0,10 0.20 0.50 40 2,0 50 10

Figure 1.*

THEORETICAL DATA

Curve No. t: Findeisen [2]: Postulated flow rate, 200 omisec: 14 eycles
per min,

Curve No, 2: Landahl(3] and Landablef af, (4): Plow rate, 300 cm*/sec;

16 eycles per min;tldal air volume, 450 em?.

Curve No. 8: —~—— Flow rate, 300 emsee; 744 cycles per mln; tidal air
volute, 900 crn!.

Curee No. 4: ———- Flow rate, 300 emysec; § cycles per min; tidal air
volume, 1350 cm.

Curve No, 8: Landahl (3): Flow rate 1000 emYsec; 15 cycles per min;

Udalalr volume, 1800 ern},

EXPERIMENTAL Data

Curee No, & Wilson and La Mer [5]: 54 cycles per min,
Curte No. ——- 2 eyeles per mtn.
Curee No, 8: Landahl ¢t ad. [4]: 15 eycles per min; tide] air volume, 450

em,
Curee No, 6: ~-—— 734 cycles per mun; tida! air volume, 900 emi,
Curve No, [0; —-—— 5 cycles per min; tidal alr volume, 1350 em’,

Curve No, £1; Brown ¢f al. (6): Each point represents the mean of many
values.

Curre No. 1#: Van Wijk and Patterson {7}: 19 cycles por min,

 

*Taken directly from reference 1,
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on smaller particle sizes. In fact an interesting

estimation of what it might be is found in the

dataof Wilkening [8] for distribution of natural

yadioactivity. A summary of his findings is
presentedin Table 1.

Tanie 1—DISTRIBUTION OF NATURAL
BADIOACTIVITY (WILKENING, 8) *

   

Percent of
Particle diameter radionctiotty

>0.005..-- - 5
0.005-0.015..... 25

0.015-0.025. - . 50

0.025-0.035-.. 2.2.0 22-2 - wen ewe ee ee eee 10

>0.086.-. ~~. eee en ee ee eeee 10

*Wilkening used an vlectrostatte separator of specia) design, and as

described by Meresr (0f the serarationof sizes may not be very depend-

able. However, this docs not negate thie fact that most of the activity
appears on small particles.

Thus virtually afl activity appears to be on
particles too small for detection in ordinarylight

microscopes.

In the light of these considerations experi-
mental determination of the retention of sub-
micron aerosols in the humanrespiratory tract
has been of intense interest in our Jaboratory.
A few results seemed worthy of presentation

here since they represent one of the first exten-
sions of experimental data into the “theoretical

zone” seen in Figurei.
The aerosol was composed of sodium chloride

crystals, 99 percent of whose particles were less

than 0.4 « in diameter. Retention was meas~

ured by difference between the inhaled and

exhaled concentrations.

The retention apparatus consists of two units:
(1) an exposure unit, composed of an aerosol

generator, mixing chamber, aerosol samplers

and a cooperative respiratory valve (the latter
item is a high-speed slide valve, controlled by

minute pressure changes in the face-piece of the
subject, which accomplishes the separation of

inspired and expired air) and (2) a control
system composed of the respiratory slide valve

control unit, an electronic integrator for auto-

matic tidal volume measurement, and a pneu-

motachograph, The apparatus and methods

are described in detail in references 12, 13, and
14,

Thus, information obtained in an experiment

includes percent mass deposition, particle size

distribution of the inhaled air, and the various

dynamic and volumetric characteristics of the

respiratory pliysiology of the subject.
Particle size measurements were made by

electron microscopy. <A typical particle size

distribution for the aerosol used is shown in
Figure 2, where both the mass and the count

diameters are plotted on a probit scale. The

median diameter on a mass basis (MMD)is
0.43 g, the median diameter by count (CMD)

is 0.056 », with standard deviation ¢ g=2.3
in each case.

STYLIZED DISTRIBUTION DATA
SODIUM CHLORIDE AEROSOLS FOR HUMAN STUDY
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The results of the 17 experiments done

on 9 humansubjects while breathing sponta-
neously provide several points of interest.

First, on a mass basis the amountofthe aerosol

deposited in the respiratory tract was found
to be somewhat greater than that predictable

from commonly accepted particle size-depo-
sition relations. The difference is not Jarge

but is significant statistically. Second, there
appear to be several physiologic factors which

affect the oxtent of mass deposition.

With regard to thefirst point, 63.4 percent of

the inhaled acrosol mass was the mean deposi-

tion value, The 95 percent confidencelimit is
57-69 percent for the mean. Generally ac-
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cepted relations predict a percent mass deposi-

tion value for this particular aerosol distribu-
tion of not more than 55 percent. The hygro-

scopic nature of this aerosol is undoubtedly
responsible for some of this increased value,
but estimates of this contribution do not ac-
count for the difference scon.
The relation of deposition ta respiratory

characteristics is shown in Figures 3 and 4.

In Figure 3 is seen a plotof the percent of the

aerosol mass deposited as a functionof the mean

respiratory frequencies and the mean tidal

volume from the 17 experiments. Each exper-
iment provides a single point, and those on the

same individual are interconnected. The heavy
arrow is to denote the general trend, which is

toward dnercased deposition with lower respir-

atory frequencies and/or higher tidal volumes.
This inverse relationship may be due to an

interdependence of these two variables. In
other words, the deposition may be a function

of tidal volumo and since an increased tidal
volumeis generally associated with a decreased
respiratory frequency, such a relation would be
expected. However, unlike previous reports (at
larger particle sizes) wherein these were in-

100

variably related in an inverse manner, only in

60 percent of the experiments did the mean
tidal volume increase as the mean respiratory
frequency decreased. (It should be pointed
out that these experiments were frequently

weeks or months apart.) Consequently, it ap-
pears that the tidal solume is as relevant a
factor as is the respiratory frequency. It is
rexsonable to explain this on the basis that as

the tidal volumeincreases, the numberof parti-

cles inhaled increases, and that a deeper, fuller

respiratory tidal volume provides for a more

intimate contact of aerosol particles with the
vast. mucosal surfaces of the hing. Both of
these conditions tend to promote Brownian

motion deposition. (Remember particle den-
sity is of no importance at these sizes.)

In Figure4 is anotherset of parameters which
appear interesting; the mean respiratory air
flow rates ag plotted against percent mass de-
position. As seen in the figure, in the case of
inspixation, an increase in the mean air flow

generally resulted in an increased deposition
whereas in the case of expiration, a decrease in

the mean air flow rate was associated with an
incrersed deposition. Again, there is a prob-
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able interdependence; one which may involve

the tidal volume or respiratory frequency. For
instance, it was found that as the respiratory

frequency decreased,it was generally associated

with an increase in the expiratory phase dura-

tion, more so than with the inspiratory phase

duration; thereby tending to produce an in-
creased mean inspiratory air flow rate parti-
cularly if the tidal volume increased. One may
hypothesize that the deposition of the larger

particles would be increased by higher inspira-

tory velocities by impaction and possibly the
impaction process might be so efficient. during

inspiration that it would be relatively unim-
portant during the expiration. Even more pos-

sible is the idea that particle deposition would

be improved by the increased turbulence in-
duced by highair flows.

DISCUSSION

Somepointsin this experimental studyrelate
to the fallout problem. One is best seen by
returning to Figure 2. Observe the mass dis-
tribution of this aerosol: 99 percent of the

particles are less than 0.4 «4 diameter but only
50 percent of the aerosol mass is presumably

due to these particles. In other words, a mass
deposilion value of 50 percent could be based.

on the nasal-pharyngeal deposition of a few
thousand particles greater than 0.4 u diameter

or it could be due to millions of small particles

depositing in the lung parenchyma. This point

serves to illustrate, first, the need for particle

size deposition data instead of, or along with,

mass deposition data. It demonstrates that.
mass deposition measurements are based on

the recognition of a relatively few particles
which are generally believed to only rarely
penetrate beyond the anatomical dead space.
Such measurements ignore the contribution of

the greater percentage of the particles which
can presumably penetrate into the lung paren-

chyma.?*
Thus, to return to the original considerations,

 

4 There ts increasing evidence that radioactive nuclei adsorb onto
avallahle dust as a function of thet total diameter rather than total cross-
sectlon (Smoluchowski, 19). In our ense, equivalent total diameters

occur at about 0.09 4 glee so that the first (smaller) 65 percent of the
particles provide 50 percent of the total diameter but only a few percant

of the mass (<3%).
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the work of Wilkening and others have indi-

cated that in nature, one does encounter a pre-

ponderance of radioactivity (>90%) on parti-
cles under 1,000 A (0.1 ») diameter. On the

other hand, assay of fallout concentrations by
sedimentation (with possibly a small amountof
impaction and Brownian motion deposition) of
airborne radicactivity onto adhesive surfaces
iscommonly employed. Presumably, this tech-
nique is about 63 percent“efficient” [11]. This

implies that particles under 1,000 A are primar-

ily involved with the 87 percent remainder.
Thepossibility that “fallout,” as studied in the

U.5. A., is in large measure tropospheric may
be a basis for the apparent preponderance of
radioactivity on “larger” particles. So one
must presume that the persistent atmospheric

radiation is in a colloidal state and that, pro-

vided not more than 10°~10' of these particles

occur/ml ofair, they arc likely to remain aloft
subject only to radio decay and washout due
to precipitation.

Animal experiments (particularly on rat,

mouse, etc.) will probably underestimate the
risk of these smaller particles due to the extraor-

dinary surface to volume ratio of their nasal-
pharynx. On the other hand, man’s anatomy
and physiology appear to predispose him to
the deposition of these particles in amounts
uniquely higher than in most experimental
animals (with a few exceptions).
The above discussion should make it clear

that while the role of particle size has been

examined and discussed more than any other

factor, manystudies, including the present one,

point out that the physiology of respiration can
influence dust deposition as profoundly as par-
ticle size,

Direct application of the above experimental
data to quantitative prediction of how the

retention of fallout particles in the human

lung will be related to particle size is obviously
not poasible nor intended. However, it is

hoped that it will serve to emphasize some
points not usually appreciated and aid in the
planning of future field experiments.

CONCLUSIONS

(1) Particle size is a cardinal parameter
in respiratory tract. deposition.

(2) The distribution of radioactivity in a

fallout field may or may not be the same as the
distribution of particle sizes. More informa-

tion on this point is needed from field tests.
(Particularly number distribution vs. mass

distribution.) However, there is a real possi-

bility that much of the activity at later times
may be resident on smaller particles, and rela-

tively little experimental information is avail-
able on the retention of the smaller size particles
hy the human.

(3) Samples collected by settling techniques
may or may not showthe activity of greatest
importance as an inhalation hazard.

(4) Preliminary experiments in humans with

a sub-micron size sodium chloride aerosol show
deposition (retention) to be somewhat higher
than predicted by theory, and to be related to
the breathing pattern of the individual. The
former is important since much of the radio-
activity may be on relatively small particle
sizes. The latter indicates that, though the
primary physiologic factors have not been

isolated, there can be little doubt that the

manner in which an individual respires may

influence the deposition process quite signifi-
cantly.

(5) While not immediately pertinent to the

short-term effects of a fallout field because of the

over-riding importance of external radiation
hazards, and the relative radioresistance of

the lung in an acute sense, these considerations

canbe of importancein the assay of the possible

damage from particles which may be present
in such a field—-and possibly inhaled under
conditions where the external hazard would
be minimized. Obviously, they are pertinent

to evaluation of the longer-term hazards.

ADDENDUM

Since the date of the fallout meeting, two reports

pertinent to the distribution of radioactivity as a

RETENTION OF SUB-MICRON AEROSOLS IN HUMAN RESPIRATORY TRACT 195

function of particle size have appeared. These are by
Williamson (USNROL TR 152, 1957) and by Farlow
and Schell (USNRDL-TR 170, 1957), Also other
indications that deposition of particles smaller than
0.1 # may be higher than predicted by theory was

published by Dautrehande,et al. (A. M. A. Arch. Ind.

Health 16, 179, W457) and an indication of the same

tendency was found in a paper by Veradr, ef al. (Arch.

ges. Physiol. 261, 219, 1955).
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DISCUSSION

J. N. Stannard and P. E. Morrow

Dr. Lancuam. Thank you, Dr. Stannard.

Because of the time we are not going to be able

to discuss this. However, I would like very
much, purcly because the particle problem in

this whole business has been that which is
always thrown at you when you are trying to
assess the hazards associated with inhalation of
radioactive materials. Every time you make

a statement there is always some fedlow who
brings up the idea that this all depends on
particle size. When he says that it is supposed

to stop you cold just like a doctor is supposed
to stop you when he says you have a virus

infection. So I think anything that can be

doneto get this particle size problem on a basis
of where you can say what specifically does

this mean to our problem, then I think we are
getting somewhere.
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THESHORT TERM BIOLOGICAL FATE AND PERSISTENCE OF

RADIOACTIVE FALLOUT AS MEASURED AT VARIOUS

LOCATIONS WITUIN FALLOUT PATTERNS

By BR. G. lanprera and K. H. Larson

Radio-Ecology Division, Atomic Energy Project, University of California at Los Angeles

The problem of assessing the biological

hazards of radioactive fallout may be arbi-
trarily divided into two parts; one, the acute or

immediate hazard arising primarily fram ex-

ternal radiation and secondarily from the
metabolism of certain fission products; and

two, the chronic or long term hazards arising

primarily from the metabolizedfission products,

and secondarily from external radiation. The

division of the problem is real. The exact

duration of each phase is not.

The Alamagordo Section and the succeeding

Radio-Ecology Division at the Atomic Energy

Project, Universityof California at Los Angeles,
has been engaged in part in studying the fate

and persistence of radioactive fallout in areas

adjacent to continental test sites since 1947,

A reasonably continuous record is available of
the fate of plutonium contamination near the
New Mexico TestSite from 1947 tu the present,
A record of the fate of repeated fission product

contamination in several areas adjacent to the
Nevada Test Site from 1951 to the present. is
also available. Lest we stray from the “short

term’' objectives of the symposium, the data

presented below will emphasize data collected
during weapons testing programs and up to

one year following fallout contamination of an

environment.
During the course of these studies many

kinds of environments have been sampled

varying from the semiarid desert valleys, to
juniper and pifiion pine covered slopes, to
relativelyrich agricultural areas. Byandlarge
the sampling has emphasized the study of

natural environments relatively unaffected by
human exploitations. Jn these native, stable

communities the occurrence of fission products

originating from fallout have been documented

as they oecur in the various components of the
environment. The particular components

studied during weapons testing programs have

beenair, soil, plants, native rodents, andfallout,
Fromthesedata, collected serially over a period
of time, the cycling of bomb debris may be
followed as the contamination passes from one
componentof the environmentto another.

The kangaroo rat, genus Dipodomys, and the

jack rabbit, genus Lepus, have been used as

indicators of the biological availability of radio-

active fallout to other mammals. These

animals are abundant in most areas and are

easily collected by trapping or shooting. The

’ kangaroo ratis of particular interest because of

its sedentary nature. In other words, the body
burdenof fission products in any particular rat
is the result of that animal living its entire life
within one or two hundredfeet of the point of

collection. Therefore, knowledge of the condi-
tions of contamination within this area provides
us with parameters for estimating the biological

significance of any particular fallout condition.

The plant species and plant parts which go to

make up the primary forage of the kangaroo rat

and jack rabbit in any particular area are the
ones chosen fer documenting the oceurrence of
fallout materials in or on plants.

Experience has shown that radioactive fallout

originating from continental weapons tests tends

to remain in the surface inch or two of soil in
197
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undisturbed arcas for a period of years, al least

within the distances studied thus far. The

aseesament of fallout on natural areas, therefore,

is expressed in terms of activity per unit area.
Fallout contamination of soil is determined
fram samples taken from cither one square foot

or one quarter square foot areas depending

upon the objectives of the experiment. Soils

data may seem out of place in a symposium on

biological material. However,it will be shown

that the biological fate of radioactive fallout is
dependent to a large extent not upon total

fallout deposited in an area but wpon some

fraction of the total. Soil sampling provides us
with a method of characterizing the total fallout
against which data we can compare the biologi-

cally significant fraction of homb debris.

This latter point is exemplified in Figure 1
which compares the amount of fallout from a
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single detonation on soil as compared to the

amountoffallouton plant material as a function

of the distanceof the sampling site from Ground
Zerg one dav following contamination, It will

be noted that activity per unit weight of dried

plant material compares quile favorably with

theactivity contained inthe less than 44-micron
particle size fraction of soil as opposed to otal .

soil contamination. Nate also that the degree

of plant contamination in this particular case

appears to increase, or, conservatively, to stay

the sameover (he major portion of the 80 miles
distance studied. The significance of these

observations are two-fold. First, animals
grazing in these fallout areas and feeding upon
these forage plants will not be ingesting gross

fallout but rather a specific fraction (the less

than 44-micron size group) which has been

trappedbythe plantacting as a selective fallout
collector. Second, since the degree of plant

contamination tends to remain the same over a
very great distance the internal dose to animals
grazing these areas will also be similar and the
potential hazard similar over a great portion of
the fallout pattern.

Figure 2 shows a special preparation de-

veloped for the study of the characteristics of
fallout material contaminating plants. In the
field, plant leaves are carefully placed on
gummedpaper and backed with blotter material
and dried. In the laboratory, an autoradiogram
is made which serves as a map for the location
of specific particles on the plant leaves. De-
tailed analysis of many of these preparations
support the conclusion that the less than 44-
micron diameter fallout particles are the prin-
cipal source of radioactivity in forage material

samples within a period of weeksfollowing fall-
out contamination. It has not been possible to

distinguish between external contamination and

metabolized fission products in range plants.

Experiments in which soil flats have been ex-
posed to fallout and subsequently cultivated in
the greenhouse do show that fission products
(particularly Sr) are biologically available
from fallout and will be accumulated in the
plant parts [2].

Figure 3 is a photographof the dried peltof a
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autoradiogram resulting

kangaroo rat, sampledfrom a fallout area andof

the autoradiogram resulting from a one-half

hour exposure of the pelt to X-ray film. This

animal was collected approximately 12 miles

from Ground Zero about 24 hours after fallout.

Althoughthe degree of fallout contaminationis

startling, it is interesting to note that we have

found no indication of radiation burns or dam-

age in the plants or rodents collected from these,

or more distant, areas. Beta burns resulting

from fafioutparticles have been verified, how-

ever, oh livestock and deer grazing within 20

miles of Ground Zero. |

In regard to metabolizedfission products,it is

indeed fortunate that, in terms of the physiolo-

gical requirements of plants and animals, rela-

tively few isotopes are of reat biological signifi-

cance. However, whether the biological haz-

ards are interpreted in terms of radioiodine or
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radiostrontium or some other specific isotope,

the fact remains that many other fission prod-

ucts are apparenUly present in tissues for a

limited period as aresult, of fallout contamina-

tion. As long as the fundamental rule of radia-

lion biology remains “that radiationis primarily

a destructive force in living systems”, then we

are committed to learning more of this material

that we must “learnto live with,” whatever its

lf-life.
.

oe relationship between the biological inte

and persistence of radioactive fallout to time,

the location of the biological material within

the fallout pattern, and the behavior of the iso-

topie precursors of the particular fission prod-

nets under concern are parameters which re-

quire special consideration and defy anything

put an arbitrary divisionof the fallout phenome-

noninto short term and long term effects.
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Frovne 3,—-A dried peli taken from a kangaroo rat exposed to fallout 16 miles from Ground Zero and the resulting
autoradiogram showing the occurrence of radioactive fallaut particles (3],

Figure 4 summarizes the persistenceoffission
products in various tissues serially sampled from
a natural population of kangaroo rate over a
period of 90 days following a single fallout con-
tamination in the spring of 1953. The decrease
in tissue burdendoes not deviate markedly from
the theoretical decay of mixed fission products
besed upon the t-4.? decay constant. This sug-
geats thet the tissue burdens are made up of
mixed fission products in equilibrium with the
concentrationof fission products in the environ-
ment. During this time period there appears to
be little evidence of biological concentration of
fission products in terms of gross beta gamma
activity. Figure 5, however, shows the gradual

buildup of radioiodine in the thyroid of kan-
garoo rats and jack rabbits serially sampled

from « fallout arca located 12 miles from
Ground Zero during the spring of 1955. Sam-
pling was discontinued 15 days after fallout
with the concentration of radioiodinestill rising.

It can be anticipated, however, that the ac-
cumulationof iodine was nearing its peak. This

buildup of thyroid activity corresponds to simi-
lar phenomena described at Hanford Works and
is consideredto reflect the time necessaryfor the
iodine in the thyroid and in the food supply to
reach equilibrium. The problem is further com-
plexed by the identification of Ias the primary

contributor to thyroid activity during the first
day or two following fallout following which
time 1" becomes dominant,

Figure 6 shows the influence of the location

of the sampling site within the fallout pattern

to the biological accumulation of fission prod-
ucts. In this case the accumulation of fission
products is plotted against the distance of the

sampling site from Ground Zero along the
midline of fallout. As might be expected the

tissue burdens generally appear to drop off

with distance but not as sharply as does the
total fallout. Note the striking deviation of

the femur and kidney data from the other
tissues. Figure 7 presents similar data from

two separate events showing the increase in
radioactive content of the thyroid as a function
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Fravre 4.—-The occurrence of fission products in tissues
sampled from a natural population of kangaroo rata

living 19 milea from Ground Zero in a fallout con-

taminated enviranmeni expressed as a function of time

after fallout {3}.

of distance from the sampling site with a peak

concentration at 60 miles from Ground Zero.
Note that this distance is the same for botu
fallout patterns even though the conditions of
detonation were very different. These data
just presented are all from samples collected
within 24 to 48 hours following fallout.

Figure 8 shows the interaction of time, and

the position of the sampling site on the bio-

logical fate of fallout. Following the 1955
test series, two residual fallout patterns were

defined and samples taken along the midline of
contamination. The results from one pattern

are shown in Figure 8 since these data are more
complete and representative of both residual
fallout patterns. The environmental contami-
nation, a measure of gross residual fallout.
contamination, decreased sharply with distance.
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Figure 5.—The occurrence of radioiodine in the thyraid
of native animals serially sampled from a fallout cou-

laminated area 12 miles from Ground Zera and on the

approximate midline of fallout [1].

The gross beta gamma.activity in jack rabbit
bones sampled along the midline of residual
fallout inereased out to 130 miles and then

decreasedslightly and leveled off. The radia-
tion levels above normal that occurred in the
bone ash was accounted for by the presence of

radiostrontium. The peaking of activity at
130 miles appeared more specifically to be
attributable to the relatively heavy concentra-
tion of Sr®*.
This was not the first time that this phenome-

non had been observed. In May 1954, one year
following the 1953 Test Series, another residual

fallout pattern was studied to a distance of 130

miles from Ground Zero, with the results that

are summarized in Figure 9. Once again soil

contamination was shown to fall off sharply
while the burden of radiostrontium in jack
rabbit bones increased to a maximum at 130
miles fram Ground Zero.
Remember that with respect to the iodine

data the maximum value occurred at 60 miles.

The maximum in the strontium data occurs at

130 miles. Another parameter can be assumed
as the time necessary for the parent fission
products to decay into the daughter products
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Fieure 6.~-Fission product distribution in tissues from

kangaroo rais sampled after two nights grazing (D,

D+), in a fallout area, expressed as a function of the

distance of the sampling site from Ground Zero (1).

which are measuredin our samples. Theracdio-

active life of the precursor and its chemical

characteristies will determine how the daughter

productis finally distributed as fallout material.

The question as to the fate of other specific

fission products such as cerium, cesium, ruthe-
nium, and zirconium are under study.

Jn summary wecan describe the biological

availability of radioactive fallout as follows:

First, it was found during participation in the
weapons testing program that the predominant

size of fallout particles greater than 100 microns
in diameter decreased with distance from

Ground Zero while the less than 100 micron
material did not docrease but remained the
same or increased with distance up to 200 miles

from Ground Zero [6]. Furthermore, the

smaller size material tended to be more soluble,
and, therefore, potentially more available lo
the biological evele [7]. Second, the majority
of particles retained by foliage were belaw 44

microns in diameter having an average size

of approximately 20 microns.
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Fraune 7.-~The relationship of distance to the occurrence

of radioiodine in the thyroids of kangaroo rats con~

taminated by radioactive fallout, and to the occurrence of

radioiodine inthe thyroids af jackrabbits contaminated

by a different fallout (1).

A feasible explanation then is that the arcu-

mulation of radiostrontium, for instance, is

related to particle size and that because the

plant acts as a selective collector of very small

falloutparticles, the intake of radioactive debris
by animals during grazing tends to be similar

over a great distance and appears to be inde-

pendent of the total fallout. The amount of

any specific isotope present is dependent upon
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Fraure 8.-—The occurrence of radiostrontium in the bones of jackrabbits sampled in fall,1966 from ihe midline of

residual fallout contamination as compared to distance of the sampling site from NTS, and the degree of residual
environmental contamination{4].

RESIDUAL SOIL CONTAMINATION (uc/H?) 1954
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Fieure 9.—The occurrence of radiostrontium in the

bones of Jackrabbits sampled in spring 1954 from the
midline of residual fallout contamination as com-
pared to the distance of the sampling site from NTS,

and the degree of residual soil contamination [8).

the physica) and chemical behavior of its iso-
topic precursor during fallout particle forma-

tion, Therefore, the amount of any specific

isotope at any particular location within the

fallout pattern will be highly variable, and the

oecurrence of areas in which the biological
accumulation of that isotope is high are to be
anticipated.

»
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DISCUSSION

R. G. Lindberg and K. IT. ‘Larson

Dr. Stannarp (University of Rochester).
Onevery simple question. Were these figures
for particle size on a mass hasis average or
number basis?

Drs, Linpzers. The technique has been to

take»soil sample from a knownarea, and using
standard soil methods break if down to the
particle sizein the soil. So the total activityis
an expression of the activity in a particular
size fraction and does not refleet the total
number of particles involved nor any character-
istics of that purticle except size. The soil
acts as a carrier for the separation, —~

RESIDUAL CONTAMINATION OF PLANTS, ANIMALS, SOIL,

AND WATER OF THE MARSHALL ISLANDS TWO YEARS

FOLLOWING OPERATION CASTLE FALLOUT

Presented by H. V. Weiss

U8. Naval Radiological Defense Laboratory, San Francisco, California

Theobject of this study was to determine the
persistence and fate of radioactive material in

the biological systems and in the physical
environment of these Marshall Islands con-
taminated by fallout from the 1 March 1954
nuclear detonation. For this purpose a re-

surveyof the islands was conducted in Febru-

ary 1956 by a groupof scientists from the Naval
Radiological Defonse Laboratory. Specimens

of animals (land and marine) and birds, and

samples of plants, soil and water were collected

for analysis. Radio assays for gross beta and

gamma activity were conducted and in addi-

tion radiochemical determination of individual

fission products and induced activities were

made.

A few weeks after the 1954 incident a survey
was made of the contaminated atolls, [1] and

soil, water, and biological specimens were

collected from Rongelap and Utirik. These
samples were analyzed and the results were
given in the Operation CASTLE, Project 4.1

report {2]. Soil and water samples contained

microcurie amounts of activity; barely de-

tectable quantities were found in plants.

Approximately 1 year following the nuclear det-
onation, a surveyof the islands indicated that
the activity was present in metabolic systems
and was still in the environment at lower but
significant levels {3]. The present study, con-
ducted 2 years post-detonation, provides further
data on the persistence and distribution of the

fallout activity. From these data an evalua-

tion can be made of the potential hazard from
the ingestion of contaminated materials.

448029 0-—-58——15

The gross beta activity of the plant specimens

analyzed is recorded in Table 1 accord-
ing to the island from which the sample

was recovered. The data were corrected for
the counting efficiency of Sr® and presented as

corrected counts perminute per kilogram of wet
sample. Empirical corrections for self-absorp-

tion were not applied because the activity of
most samples was so low as to prevent such

evaluation with expediency. Furthermore since

the nuclide composition varied among plants

and even within different sections of the same

plant, a blanket correction was impossible.
Portulaca was many times more active than

other plant specimens recovered from the same

island. Leaves of plants were generally more

active than their fruit counterpart. The fact
that surfaces of leaves were not decontaminated

prior to analysis may account at least in part

for this difference.
Three stages of coconuts-—green, ripe, and

sprouting nut—were analyzed. Both green and

ripe pandanus kevs wore examined. No dis-

tinct differences between the stage of growth
and activity were discernible.

Where possible the meat, milk, shell, and

husk of coconuts were analyzed separately.

Within the limits of the analysis, the activity

appeared equally distributed among these

fractions.
The order of plant activities relative to the

island from which they were recovered was:
Gejen > Eniwetak, Eniaetok > Rongelap >

Sifo, Utirik > Likiep. Theseresults agree well
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  with the activities of the respective soils as

shown in Table 2.
gressively at deeper levels. The bulk of the

activity appeared to be firmly absorbed to the
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Taste 1.—GROSS BETA ACTIVITY IN PLANT, WATER AND SOIL SAMPLES? CONTAMINATION OF PLANTS, ANIMALS, SOIL, AND WATER 207

Plant Part PLANTS * (efmfke x 1r8)
Tarun 2.--GROSS BETA ACTIVITY IN PLANT WATER AND SOIL SAMPLES ¢

Ge Eniw ' - _ om sera Sa Seae ot ia STRIAAnsm ioe Sette

_Galen| Hntwotak

|

Bniaetok

|

Rongelay

|

Sito

|

ein Laken Gojen Eniwetak | Enlnetak | Rongotap | Rito | tie: | Liklep

Portulaca.......---.-- Nhole plant... 2..----24.. 87.4 19.2 3. 05 1. 26 - WATER? ( liter 10-*)

y Arrowroot...---c0---- { tems, leaves -) 12.0 45 32 (25
y e/m/liter x

| Tubers. 2, 32 57 . 69 55 SOURCE

4 B root 2. 87 17 1. 05 .32

i
tg Pandanus.._.—-- HEAVES — ~~ 2. 64 1. 02 5. 26 38

. MB-

=ownn

omen Green keys- 1 37 3 Cistern..-.----- a ~ --eee[eeeeee fenee[eeeen 0. 008 |..-------- NDA |..--------

a 2 : 2
a1 NDA

Ripe...------

eeeeaee

fennel ‘ . Well... -----------+
- 03

hn Papaya... - 0. .- 0000
. oe

NDA

yO
: i Ovean.....----

NDA 0. 08

do DK occeeecnccenewnceene a7 |. 84 Lagoon. -.--.
- 09 RDA

‘ Ripe coconut... 20... . . . .

at
: :

pepra (IN.)

Green coconut. —...... | : . . .
~

. : . . 09

Sprouting coconut... .. - . ‘ : . . . 06

:
02 ,

- 07

Coconut... ..-----eee | — L 6

meee lnm *» All counts were corrected for the counting efficiency of Sry,

Banana...............\ Bark....-........-.. 06 1 » Gross beta activity of plant samples was determined in April 1956 and that of soil and water in May 1956.

07 ' « NDAindicates no detectable activity.

18

a Taro...enna eenn enon
|

. (reeves roots with soil... ..}--...2--|o-. wwe de ae s !

How
: Tanne 3.—AVERAGE GAMMA DOSE RATES

—

leaching of nuclides to deeper layers and their

:

8 AY J 8 a i i jace 7

. a counts were corrected for the counting efficiency of Sr.Y%, : FROM PREVIOUS AND CURReN7 SURVEYS eroding me the addjace nt waters. : fissi

‘ ' ross beta activity of plant samples was determined in April 1956 and that of soil and water in May 1956. 11 months

|

23 months

|

Remaining The ong-lived isotopes of mixed _ission

b

Island (anefar)”

|

“Garfae)

|

activity,Cpet- products, which present the greatest internal

= radiation hazard to human inhabitants of a

contaminated areca, were analyzed in plant,

soil, and water samples. These isotopes were

 

The gross beta activity of well, cistern, soil gince it resi " i i 5

ocean, and lagoon water is shown in Table 2. the heavy weeto.which,these “aundaove 7 6 23 the total rare earths, Sr®, Csi”, and Rui

The activities were either imperceptible or of

—

subject. . : .7 . 09 13. and comprised the total detectablefission prod-

a low order of magnitude. Table 3 lists the gamma dose rates found on 2.4 . 28 12 uct activity remaining 2 years after the

To describe the downward movement of the the island survey; levels observed 1 year before ae ~ 23 nuclear detonation.

activity, profile soil samples were obtained in are included. The gammaactivity was reduend- a “e * In Table 4 the relative contribution of the

increments to a depth of 56 inches. As shown over the 12-month period by 74 +8 percent Average..-----» _ ag: nuclides recovered from plant, soil and water

in Table 2, the greater part of the beta activity
appeared fixed to the upper surface of the soil;

the remaining part diminished sharply and pro-

Calculations based on the Hunter-Ballou curves
for beta decay of mixed fission products [4]

predict that 80 percent of the gamma.activity

      
is lost by radioactive decay over this interval.

This decay was obviouslythe significant factor

in reduction of the gammafield rather than the

are recorded, The primary contaminating iso-

tope in coconuts, papaya fruit, pandanus keys

and arrowroot tubers was Cs". Significant

quantities of the rare carth components (16 to

18 percent) were recovered from papaya and
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Tasit 4~-AVERAGE RELATIVE COMPOSITION OF NUCLIDES IN PLANTS, SOIL, AND WATER

 

 

    

 

  

 

Namber of oe we a
Soures saniples ee

averaged Cyst Total rare Brie Rute
earths

Plant: Port Plants
Portulaca. .....2.--- --Whole__- 1 48.9 39, 2
Papaya... 2 ee -- I 7%. 8 17.8

3 98, 2 V1

2 98.9 05
JOCONUE.neShell. 2 90. 5 4

1 99. 6 2

2 83 86.5
- 2 92. 6 2.2

Pandanus.....-.22.-.2--- 20 eee eee Leaves__. 2 72.7 13.3
Air root... 2 88.9 10.3

. Tuber... 1 75.4 16.8
AMtOW TO0twnnnenee serene eeeees 1 1.7 83. 9

Solt
Depth, Q-1 im. ... 22-220. neeeeeeee 34 83. 8 5.6 10.0
Source: Water

Cistern...--- 2... 6-22 eeeeeeeee 2 64.4
Well... 2 100

2 94.5
2 100

 

        
arrowroot tubers and only a small fraction from

coconuts and pandanus keys. The Sr® con-
centration in these specimens was uniformly
low.
The nuclide composition of the leafy struc-

tures in the coconut palm and the errowroot

plant differed markedly from the respective

nut and tuber. These structures accumulated
the rare earth isotopes in exceedingly greater
concentration than Cs",

Table 4 shows further that plant leaves con-
tained varying percentages of Ru’ and that
the concentration of this isotope represented

only a small fraction of the total activity.
In portulaca, a widely distributed plant, the

nuclide composition was 49, 39 and 12 percent
Cs", rare earths, and Sr™, respectively.

Despite the inaclivity of the water samples,
rare earth and Srdeterminations were per-
‘formed since self-absorption as well as the size
of aliquot used may have obscured theactivity.

Cs" and Ru'* were not determined because
self-absorption does not play an important role

in the detection of these gamma-emitters. The

results of these analyses are shown in Table 4.
With the exception of a sample of cistern water
which had ® significant quantity of Sr®, the
observed activity was attributable to the rare
earths,

With regard to soil, the average of two com-
plete assays gave 84 percentrare earths, 10 per-

cent Ru’, 5 percent Sr® and less than 1 per-
cent Cs,
Where comparisons were available, the

relationships among nuclides in the current
survey in genera] agreed with those previously

reported [3]. The only sharp difference was the

higher percentage of Cs” in the one papaya
analyzed in the present study.
The sunshine units are recorded in Table 5

for the plant, water and soil samples analyzed.

}-

CONTAMINATION OF PLANTS, ANIMALS, SOIL, AND WATER 209

Of the plant samples examined, portulaca had
the highest sunshine units; values were 6,140

and 25,000 for the two specimens analyzed. In

coconuts the activity of teat, shell and milk

was not statistically significant, whereas the

value for husks ranged from 1,200 to 4,000.

Pandanus keys and pandanus air root values
also fell within this range. Arrowroot leaves,

stalks and tubers were significantly lower,

ranging from &6 to 780 sunshine units.

The sunshine units in the 0 to 1 inch layer of

Tasue §~SUNSHINE UNITS OF PLANT, WATER AND SCIL SAMPLES

soil on 5 islands were 17 to 92; the exception,

Gejen, had a value of 7,000.

Strontium-90 was not detectable in most

water samples; however 4 samples showed some
activity with sunshine units between 150 to 200.

A saniple of cistern water from Rongelap, the

notable exception, had a value of 10,000.

Noteworthy is the fact that the activity in

portulaca, coeoput husks, pandanus keys and

air roots, as well as a sample of potable water,

execeded the maximum tolerance level of Sr,

 

 

 

  

   

 

 

 

 

  

    

    

 

    

SOMLS

samp! Istana (adisrecs)
“ample oe Calcium in kg of Sree 2 dim Seis

Soil (g) (d/nfke)

Rongelap-. 316 3.35 1064138 x10 4742

Gejen_- B41 5.26 x 1084 5.2 x 10 7x 107+ 70

+ 352 21x 10422 x 108 243

Depth (Q-1 in.) --------++-- 350 13 x 104E 1.0 x 108 11
360 5.8 x 104423 x 10° 733

Utirik._..-.. 268 48x 10443.0 5 10 9246

WATER

Calcium in Liter Srtt (d/mifliter)
(mg)

. Rongelap.-.... 48 1180-410 1.1 x 1044230

Cistern. -.--~------------~- (Reneoe 61 20-414 147-£ 104
Utirik.. 88 39-10 201454

Well... 0-20 eeeene Utirik. . 80 NDA 0

Eniaetok. ... 2300 NDA 0

Rongelap.... -- 352 NDA 9
Ocean. .- 0-222 -2-e weenee Utirik... 408 NDA 0

Eniwetak 402 NDA 0
Rongelap. A456 190-68 188; 68

Lagoon... 222-2 eneee ee Eniwetak 137 NDA 9
Utirik.. 22.2. Ad] 204 + 150 208-+ 150

 

NDAindicates no detectable activity.
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‘Tanue §.-SUNSHINE UNITS OF PLANT, WATER AND SOIL SAMPLES - Continued

 

 

 

    

  

 

   

      

   

  

 

    
 

PLANTS

siuna 2 camnjsarapley 8 itsSample Tslane aanple,) cone) Sr ¢din/sample) enwinSrF ey_

. 104+ 250
iniaetok 223 178 10000 =: 100 2.58 x 10+

cree ree cere Gin Nok 23 308 5380 4 106 6140 + 120Portulaca... .~- Gejen.... 40-12

Rongelap_. -- 240 338 240 4: 33 22k ;

PAPAYR nooo ecernn noone os Rongelap 200 162 3404 28 sap ‘ 75

ani - 28 58 1804 24 Q E19

Coconut Hufcons-e-emonon- ject sa 7 420 4:24 40804: 240
Rongelap 450 28 110+ 60 1901960

ok. 2! 2 + Bt
Coconut Meat...--.-------- frst - ne , 8* oe aon

Bhisetok - 90 16 25 + iBe 706 4:

Coconut Shell_..-..-------- Eniaetok . 120 8 x pa

Gejen.. 85 23 ND 9564500

atk “Goje 140 20 41421 95

Covonut Me i 35 69 197437 1300-4250
Coconut Leaves futirik_. 36 163 iar NDA acona

tej 170 195 7

Cononuts Whole- ereetol 305) 1140 280+26 30810
280 383 73416 86 a1

Arrowroot Tuber «--------- 13

|

114 196 £35 780: Mo
S f 385 290 + 44 340+

Arrowroot Leaves and Stalks. a a 1080.2 50 e00420

14004 15Pandanus Keys...--- 215 134 420 4.44
~ 10 65 460441 3200 +500

anus Leaves_-_.---.--- 32 43 NDA

fame 46 23 20 4:33 390+ ae

Pandanus Air Root. -------- {eeea 30 4 108-27 3360-48
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DISCUSSION

Il. V. Weiss

(Please see discussion on pages 217 to 218.)

PERSISTENCE OF RADIOACTIVE CONTAMINATION IN
ANIMALS OF MARSIIALL ISLANDS TWO YEARS AFTER
OPERATION CASTLE

By S. H. Conn

U.S. Naval Radiological Defense Laboratory, San Francisca, California

An unique opportunity for study of the

internal radiation hazard associated with the

contamination of a large land mass was afforded
when several of the Marshall Islands were con-

taminated by fallout from the muclear detona-

tion of March 1, 1954. Within a month of the

accident, numerous land animals, birds and

marine specimens, as well as samples of plants,
soil and water were collected for analysis of
the concentration and distribution of radio-
active material. On the hasis of these findings

the initial. hazard to human beings from ex-

posure to internal radiation resulting from the

ingestion and inhalation of radioactive fallout
was estimated.

In order to ascertain the degree of hazard
associated with the residual contamination,
and thus to assess the habitability of the con-
taminated arcas, resurveys of the Islands were

conducted at 1 and 2 years. Data on the
physical availability of the contaminant in the
environment and the biological availability in
plant foods has been presented by Dr. Weiss.
In addition, however, knowledge of the biologi-
cal transport of these radionuclides, especially
Sr ™, through the food chainis required. Tt is
readily apparent that one cannot deduce, from
data on the physical environment alone, what
will be the ultimate deposition in the skeleton
of animalsliving in this area.

Readily detectable levels of radioactivity in
land and marine animals of the Marshall
Islands contaminated by the 1954 nuclear
detonation were measured in February 1956.

A summary of the residual radioactive con-

tamination at 2 years in the tissues of 85 fish

and marine invertebrates from the various

island lagoons, expressed in terms of gross beta

and gamma aciivity is presented in Table 1.
Considerable variation was observed in the

concentration of activity per unit. weight of

individual fish and marine invertebrates from

the same area as well as from different geo-

graphic locations. Part of this variation may

be due to differences in feeding habits, but no
correlation between the level of radioactivity

and the eating habiis of the fish (carnivorous,

herbivorous, omnivorous) could be ascertained.

Other factors such as currents and localized
concentrations of radionuclides mayalso play

a role in determining concentrations of residual
activity in the lagoonfish.

Fish and marine invertebrates caughtin the

northern section of the Rongelap Lagoon had

the same level of beta activity bul twiee the

‘gamma activity of fish from the southern sec-

tion of the lagoon. This ratio of activity in
marine invertebrates between the north and

south ends of the lagoon was considerably

lower than that observed 1 year following the
detonation. This finding suggests a redistri-

butionof activity from the higher concentration
originally existing in the northern end of the
lagoon. The pattern of the 1954 fallout was

such that the activity on the northernmost
islands was tenfold higher than on Rongelap

Island, at. the southern end of the atoll.

The internally deposited activity in the
211
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Fish

Activity (dfmt
ke Tot

Island
Number Number

tu

A
samples [~ santos

  

Rowaeiar Aton.

  

 

  

  

North: Gefen... 8 5 TRR 2

Kahelie. 1 4.0 BB4 foe ole
Central: Entactak, R 10.5 45,1 1
South:  Rangclap... & we? 32 6

RONGENB ATOLL:
FBrdwetak 2. ee eee ens & 22 7.8 1

ADINGANE ATOLL:

BHO... ne we! & 45 WT 3

Urour Aton
Utirlk. ee cece ee ee 3 16 21].

Linthe Arou
Liklep ... + 8 26 Ls   

lagoon fish was only very roughly proportional
to the external radiation dose over the adjoining
island.

Crabs and clams were found to havea residual

concentration of beta-cmilting radionuclides of

about the same level as fish from the corre-

sponding locality. This is in contrast to the
largerdifferences noted between crabs and clama
as compered to fish at 1 year post delonation.

Snails from Gejen had considerably higher
concentrations of activity than fish from the

same locality, as was noted in the 1-year
resurvey. The higher level of activity of the
snails may berelated to their habit of feeding
on the bottom of the lagoon where higher con-

centrations of radionuclides were found,
The internal distribution of radioactivity im

the tissues of fish (primarily carnivores) col-

lected in the various lagoons indicated that an
average of 20 percent of the total beta and

gamma activity was found in the skeleton
(Table 2). Tho head contained an average of
30 percent of the total beta and 21 percent of
the gammaactivity. Muscle contained approx-
imately 14 percent of the total beta and gamma

activity, The activity of the viscera and con-
tents varied considerably, but contained on the
average about 33 percent of the total beta activ-
ity and 16 percentof the totel gammeactivity.
The remainder ofthe activity was found on the
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skin and gills. The internal distribution of
activity, particularly the musele activity con-

centration, was very similar to that found in

the fish collected and analyzed at one year
post detonation.

Theresults of the radiochemical analyses for
specific radionuclides are presented in Table 3.

The most important finding is the very high

percentage of the total activity in fish which is

contributed by Zn®. The manner in which
this induced activity is concentrated has not
been determined. The Zn* infish is distributed
fairly evenly among the various tissues. The

Zn® was not found in clams, crabs, or snails,

with the exception of one helmet snail from

Kabelle Island.
The rare earth group of fission products

constituted a small percentage of the total

beta activity in clams and fish. The rare

earth elements as a group do not appear to be
selectively localized. The rare earth activity
of the crabs was high, an average of 20 percent
of the total beta activity. Snails concentrated
the largest amounts of rare earth elements.
The Sr® concentralion was very low, con-

tributing generally a fraction of 1 percent of
the total beta activity. The Sr® content is of
particular importance, since it is the radio-
nuclide of greatest potential hazard. The
Sr® hazard derives principally from its long
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RADIOCHEMICAL ANALYSIS OF BIOLOGICAL SPECIMENS FROM RONGELAP ATOLL

Wot Beta activity Gamma Nueltde ervent
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radioactive half-life (28 yr.) and also from ita

high fission yield and ita availability to bio-
logical organisms. Sr® levels. and Sr/Ca
(sunshine units) are reported for a number of
samples in Table 3.
The skeletons of fish concentrated and

retained the largest amounts of Sr™, as would

be expected from the similarity of strontium

metabolism to calcium metabolism. The skel-
' eton of a fish from Rongelap had 587 sunshine
units, the highest observed in any fish. The
highest number of sunshine units in anyof the

 

 
samples analyzed appeared in a clam from

Rongelap (2.43 x 10° units).

In general, snails had a high number of

sunshine units (276 to 502). A relatively

highlevel of Ru(19.2 percentof beta activity)

was also found in a snail from Gejen. A high
level of Cs(with a 37-year half-life) was
found in a coconut crab, In the analyses from
previous island resurveys, Cs” was the major

radionuclide found in land food plants and
also in the tissues of land animals. The
coconuts, which had high levels of Cs"’, were
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undoubtedly the source of (he Cs" activity

found in the coconut crab,
The prescnee of Co™in. two samples of clams

was noted for the first time in the 2-year

peried since the detonation. The Co®
accounted for the major fraction of the total

activity in these samples. The Co® was
detected by gamma spectra] analysis, and

confirmed by chemical separation and absorp-

tion measurements. The ability of clams (o
concentrate Cio” selectively was verified in

laboratory experiments using clams obtained

locally.

Comparisonofthe fish and marine specimens
collected immediately after detonation and 1

year later with those studied in the present
report (2 yoars after detonation) indicate a

drop in activity. The fish from the Rongelap

Jagoon had approximately one-fourth the
activity of those analyzed | year postdetonation.
A rooster caught on Rongelap Island had a

beta activity of 6.1 x 105 d/m and a gamma

activity of 1.2 x 10° d/m (Table 4), The
level of beta activity of this rooster was 40

215

pereent of that of a rooster from the same

locality analyzed at 1 year postdctonation,

About 86 percent of the total activity in the
body was concentrated in the skeleton.

The pattern of distribution of residual
activity within the skeleton is shown in the

autoradiograph of the rooster tibia (fig. 1).

Theactivity is diffusely spread throughout the

diaphysis. The concentration of activity in
the diaphysis and its absencein the ends of the

bone indicates that the primary deposition

occurred soon: after the detonation while the
chickens wereyoungand growing. Theradiation
dose to the skeleton frominternal emitters is
obviously considerably higher at this time than
that to any other tissue. The muscle con-

tained 8 percent of the beta activity, and the
liver, 4 percent. The gastrointestinal tract

had 1.3 percent of the beta activity, and

about one-fourth of this was found in the
respiratory tract.

The average activity for individual tissues of

4 rats collected on Rongelap are also presented

in Table 4, The rats had a beta activity of

Taste 4.-SUMMARY OF GROSS BETA AND GAMMAACTIVITY IN RONGELAP ISLAND ANIMALS
 

 

 

 

  

 

  

 

  
 

  

  

   

 

Radioactivity

Nomber of Average
Saraple samples weight (g) Beta Gamma

(d/mjsample x 104) (d/m/ke x 10“) (dfm/sample x 10™) (d/mfkg x 104)

Rooster...-.--. 1 2250

Skeleton 560 52 93 101 181
Muscle. _. ~| 1050 5.1 49 6.9 66
Gastrointestinal tract. _ 485 -8 43 1.6 &7

Liver. ....---.--- 192 24 12.5 9 4 49.0

Respiratory tract... ween 32 2 37 4 17.4

Total activity... 2.22.22 0)..---.4-| 002 60.5 Jee

RAWS.. 2 ene eeeone 4 62.9
Skeleton_...-- 41 73 179 «15 35, 5

Head .- - 5.4 15 36 al 18
Musete._. -| 39 - 3 75 ur 10, 2
Gastrointestinal tract. - 10 32 32.0 27 27
Liver. ...2--..-- ~ 3.6 . 08 21.7 . 06 15.6

Respiratory tract. 5 - 08 62.0 . 02 36, 0
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Fraura 1—Autoradiograph of tibia of Rongelap rooster.

0.095 ze/kg body weight which was approxi-
mately the level of activity in the rooster,
0.12 uc/ke body weight. The distribution of

residual activity in the rat skeleton is ilustrated
in the autoradiograph of the femurs of the 4

rats, Figure 2. The activity is diffusely spread
throughoutthe bone which suggests that these

animals were born after the detonation. This

diffuse activity represents the incorporation of

low levels of activity over a long period of time.
The one exception is rat No. 4, which shows a

heavy line in the epiphyseal region suggesting

that the animal was a young adult at the time

of exposure.

As these rats lived for a period of years on
Rongelap they serve as an indicator of the in-
ternal radiation hazard in human beings in-
habiting this area, The Sr®/Ca ratios for the
tissue of these rats are presented in Table 5.

HAZARDS OF A FALLOUT FIELD

The carcass contained 470 to 545 sunshine units
while 2 bones of the rooster analyzed contained
105 end 272 sunshine units.

For comparison, an autograph of a tibia of a

kitten that was exposed to the initial fallout

and collected & days after the detonation is
shown iu Figure 3. This animal died from

natural causes at 1 year following exposure.

The pattern of deposition of thefission products

was similar to that observed in the rooster with
dense concentration in the shaft of the bone.
Thelight regions at the ends of the bone re-

flect. the region of growth after the animal had
been removed from the contaminated area.
There was less translocation of deposited ac-

tivity than seen in the rooster. Detectible
amounts of activity, however, are seen in the
ends of the bone,

In general, the internal radiation hazard

from fallout depends on two parameters-—
availability of the various fission products and

the biclogical effects produced when these
fission products are deposited internally.

Evaluation of the biological effects produced
by internally deposited fallout can be expressed
in terms of limiting pathological processes.

  

    tu)

i 4

Freure 2.—Autoradiograph of femurs of Rongelap rats.
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Tapiy & STRONTIUM © LEVELS IN ANIMALS LIVING ON RONGELAP ISLAND

  
 

 

 

 

Wet wt. |ditSrit/sample |Ca/sample fern :

Rats:
oe - ee ee Carcass 2. _ 447 642 | 23 QL 583 54h 219
WKIGC Lf LL lll. - 62.5 315 4 62 | ots 153 4.90
WIT Lo eedo___. 323 367 4 21 | 2 353 420427

Rooster:
(IO ne eee Femur. | 226.0 1210 £30 519 W5£3
IO.eee ee Tibia 41.0 i 5702 1 i1% 9. 50 272.45

Srvo18.es 2.2 dimSrv 
gm Ca.

? Does not inelude head, femurs, tibiae and viscera.
3 Drv weight of 2 femur halves.

Frovre 3.--Autoradiograph of tibia of kitten collected

on Rongelap, March 9, 1954. The kitten died of
natural causes ai 1 year post detonation.

4

Atrelatively high dose levels (hese are damage

to bone marrow, hone and to the G.L. tract.

At very low levels as observed in this study,
the limiting process is probably carcinogenic.

The Jong term effects ean be described in

terms of relatively few radionnclides. By the

end of the 2nd yearafter detonation, the hazard

may be characterized in terms of the levels of

Sr®. This is the erifical element responsible

for practically all the long termeffects and in
terms of which the habitwbility of a contami-

nated area may he assesscd.

The relationship between environmental

availability of the contaminant and the bio-

logical retention has not as yet been clearly

delineated. Further Iaboratory and field stud-

ies are required to provide data on this relation-

ship to allow for an estimation of internal

radiation hazard to human beings from the

physical availability data alone.

DISCUSSION

Hi. ¥. Weiss and S. H. Cohn

Dr. Coapwier (PHS). 1 didn’t happen to

see on Dr. Weiss’ figures anything about the

breadfruit, and 1 was wondering, did you have
anyfigures on breadfruit or not? T know in

reading the caleitum levels for breadfruit, it

seemed that they ran higher than those for
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cocoanuts. I was thinking that possibly stron-

tium might follow that. Do youhavefigures?

Dr. Waites. Just one sample of breadfruit

was recovered, and it was not sufficiently active

to warrant complete analysis.

Dr. Cuapwicx. I did sort of a limited

dietary survey on someof the natives out there

and found that breadfruit was one of the

principal articles of their diet, and a very

important one. To reassure Dr. Cohn, about

the clams as nearly as I could understand it,

iho onlv seafood the natives ate to any extent

at all was the fish. They didn’t seem to eat

the clams or crabs or langousta, the type of

lobster they have out there.
Dr. Conarp (BNL). It might be of interest

that last May the one death that we had in

the Rongelap people, a man 45 years old, who

died of hypertensive heart disease, we obtained

an sutopsy and the bone specimens were

examined at the New York Operations Office.

The levela were very, very low in activity.

There was a slight amount of strontium, at

the samelevel we find in the autopsies on the

American bones.
The urine of the Rongelap people at 2

years postexposure showed very lowlevels of ac-

tivity. [think cerium, praseodymium about 6

disintegrations in 24 hours, and a slight amount

of strontium 90; and a very small amount of

cesium.

I would also like to add that these people

during the first 2 days lived under extremely

bad environmental contamination. I think it

is Of interest that after 2 years they have such

lowlevels of body burden.
Dr. Linpnene (UCLA). As you gather, we

are pretty well convineed that this distance
factor is pretty real in regard to the distribu-

tion of the fission product. One is tempted

to experiment with the fallout patterns with

those in the Pacifie as compared to those in

the continental States. These are much more

extensive. The figures J have secn seem to

suggest that the islands that are being sampled
in the Pacific would correspond to areas very

close to ground zero on the continent.

Do you have any experiences in the Pacific

(hat would let you comment whetherthe stron-

Gumor iodine samples might be much higher
if you could sample effectively 1,000 or 500

miles out. | don’t care to direct this question

to anyone in particular. It is just pure specu-

lation.
Dr. Coun. No, we don’t have any specific

information on that. A number of islands

were studied. They varied by distances of

several hundred miles. Again the concentra-

tions were roughly proportional to the dis-

tance and depend on the fallout pattern and so

forth. Does this answer your question?
Dr. Linppere. Yes.

|

}

PUBLIC HEALTH IMPLICATIONS OF SHORT TERM HAZARDS

By J. G. Tern, Jr.

U.S. Publie [Health Service, Washington, D.C.

Dr, Terriuu. Mr. Chairman and members of
the symposium, it gives me a great deal of

pleasure to be able to talk to you and to ex-
change views with you at a meeting of this
type. It is a real opportunity for the Public

Health Service and I think we should all thank
you for inviting us to this meeting, and for

giving us an opportunity to learn of your

research and investigations in these various
fields.

Tf we trace back in history a bit, wefind that

this pattern of cooperation between the Public

Health Service and the military departments
and the AKChasquite a historical background.
Somevery specific things were done during the

Spanish American War, World War I, and

World War II. The Public Health Service had
a. few officers assigned to the Manhaltan Engi-

neer District. The Department of Defense
has helped in our training activities. Other
more recent examples are our cooperative
projects with the Atomic Energy Commission

in Nevada and with Joint Task Force Seven in
the Pacific.
In addition to these specifics, of course, there

is & constant interchangeof information through
various scientific meetings.

From the public health viewpoint, one of the

principles that we must bear in mind is the
concept of total dose. From our standpointit
really matters little whether the population as

a whole receives their limiting dose in a serics
of acute exposures or in very small amounts on
a more continuous basis. At least that is what
all of the authorities in this field generally seem
to agree upon, even though they might not all
agree on the specific limits.

In arriving at the standards that we talk

aboutin technical mectings, and that are pub-

lished in the newspapers, we feel that there is a

great Jack of human data, and that all of the
standards leave much to be desired from the
standpoint of explaining differences of opinion

to the publicin terms of humandata rather than

animal data, extrapolations and calculations.

This is something that weall have to live with,

but we have to recognize it as u real need. We
hope that with the aid of such groups, as are
represented here, and by other means, to obtain

better information in this arca..
Now, in terms of weapons tests, which are

withusall the time, or moreor less all the time,

as contrasted with actual nuclear warfare, which
we hope will never be with us, there are a scriés

of public health phases that J would like to out-
line, and explain to you, with reference to the
prevention of radiation exposure.

The first phases are actually in the hands of
the AEC and the Department of Defense. This

is clear to many of you, but all of you may not

realize what an important public health job the

planing groups in AEC and in the Department

of Defense do in this regard.
Oneof the things they do is to select weapons

or devices to minimize fallout. Others are the
selection of the method of detonation, timing,

place, and overall weather conditions in such a

way that thetotal radiation load on the popula-
tion is reduced. Jn these areas thefirst steps of

preventive work rest with people who are

represented al this meeting.
Thenext. phasealso is largely a matter for the

test organizations to carry out. Itis a matter of

operational measurement. Scientifically these
are based on research and special projects that
you carry on at the test sites. However, they
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are also related to clinical observation and eval-
uation, A consensus of this information and

available instrumentation determines the opera-

tional techniques. Operational plans are then
based upon techniques, objectives, and location.

The summarized data are then available for
emergency action, future detonation planning,
and public health evaluation.
Another activity that test organizations pro-

vide for and which is very beneficial in reducing
the total radiation load of the population is the
matter of providing emergency measures in case
the unexpected takes place. This has been done,
Tknow, both in Nevada andin the Pacific, and T

thinkit is an important public health service.
As we movefromthat point, wefind that the

responsibility and work load begins to become
more diffuse, It is necessary to think about

public relations and pseudo as well as real in-
juries to people. Jt is expected that most of the
complaints and mostof the reported injuries in

the area around thetest site in Nevada and in
the Pacific will not be actually due to radiation.
However, in this country those who can hest
help you explain whathas actually occurred in a
community or in individual cases are those
agencies which we refer to as the local medical
service agencies and the public health agencies.
Thus the public health services enter the weap-
ons test. picture.
As a test period terminates, the radiation

persists. Other factors affecting the test or-

ganizations and the detonations persist with

the radiation. Some of these are manifesta-

tions of radioactivity that have both a public

health and economic import.
Typical are questionsrelated to milk supplies.

People are concerned about the radioactivity

in their milk. They are particularly concerned

about the strontium in their milk. The photo-

graphic industry is concerned about particles

on photographic paper. Theyare not so much

concerned about total activity associated with

particles,
Another affected group is the nuclear in-

dustry. Generally it must meet maximum

permissible concentration standards for dis-

charge of radioactivity into the environment.

As theactivity from our weapons tests and from

foreign tests continues to increase, the radio-

logical latitude which they have diminishes.

Another broad aren of importance is: the

question of Jong term effects of radioactivity.

Here we enter an area: which is not clearly

defined. We know qualitatively that radiation

can increase the eaneer rates under certain

conditions. We knowthatit may cause genetic

effects and we knowit could change our aging

pattern, and might change such things as thy-

roid function. However, as efforts are made

to assess these quantitatively in population

groups, normality must. first he determined.

This is difficult. Is the cancer incidence in
anyformactuallyincreasing? If it is, what is
the eause? Is radiation the cause? Is hypo-

thyroidism increasing orisn't it, and how would

we expect this to manifest itself in terms of

population groups? If it does, what are the

normal levels for these particular clinical

manifestations that seem to affect our
population?

If we have determined in a given situation

that radiation has caused some increase in an

observable way, then the sources become more

important. However, their determination for

a specific injury or group of injuries may be

difficult. These are some of the things that

make the problem of radiological public health

particularly difficult. It is not as simple as

making measurements and having data in a

physical sense. It is a matter of being able

to assess these data in termsof effects on people.

If a person is injured due to someradiation

exposure complex involving the concept of

total dose, who is actually responsible, and

what systems are available for that person lo

seek help or to receive some financial reimburse-

ment. for his difficulties?

I will name someof these, and I think you

will see that the problem is complex, and no

one group or no oneindividual bears this total

responsibility. In most cases, an injured

person first. looks to his own resources. He

tries to determine whether this is a relatively
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small matter to be handled between himself

and his physician, or whether it is beyond the

scope of his personal resources. In a few

instances where only one acule exposure has

occurred and weapons tests are a factor, he

might seek some type of compensation directly

from the Atomic Energy Commission. If he
is an officer or employee of the Department. of

Defense, he has available a relatively compleic

system of hospital and medical care services

both before and after discharge. Survivors’

benefita for active duty officer personnel are
also available, However, the person notasso-

ciated with the AECor the military organiza-

tions is in a much weaker position to take care

of himself in case of an unfortunate incident.
He has his individual resources, and he has

public hospitalization. He has such organiza-

tions as the Social Security Administration
which provides benefits for him and his family

in many instances. In other cases, the State

compensation laws are applicable. But in

the broad picture, the individual has no one
place to go and no specific resource to fall back

on. He fails back on the health and welfare
resources of the communities as they exist

today.

Thus there is a very broad area of potential
responsibility in case these acute effects that

you folks have discussed here today, create

directly or synergistically public health effects

of a measureable type.
Since my time is up, I should like to remind

some of you, and tell others who are not

familiar with the activities of the Public Health
Service, that in addition to following through

these administrative relationships which are
very important to all of us, the Service does

carry on a broad system of training, research,

and support of public health organizations and

medical care facilities which can help solve
many public health problems which may he

created either through military operations or

through the increased exposure to radiation of

an occupational or medical type in the future.

DISCUSSION

J. G. Terrill

Dr. Hensnaw. Some of the health problems

are international in character. Waste disposal
into the sea is just one. I would like to ask

whether any developments are under way for

cooperation at the international level, say at
the World Health Organization?

Dr. Terriwn. Yes, there are developments

under way within the Public Health Service

and within the World Health Organization. I

would have mentioned those except for the

nature of this meeting. But briefly I will out-
line these for your information.

The Public Health Service is the WHO rep-
resentative for the United States. About a
year and a half ago after conference with
Dr. Dunhamof the AEC and Lauriston Taylor

of the International Committee on Radiation
Protection, it was decided to make every

effort to integrate the international activities

that Dr. Taylor had undertaken over the past
years into the WHO organization. J should
say organization system. This has been un-

dertaken, and I understand it has been approved

by both groups. This group in turn has set. up

a committee that has studied the matter of

waste disposal among other things, and also
another major concern has been the matter of

training, Our Division of International Health
in the Public Health Service is cooperating

with both WHO and to some degree with the
International Division of AEC and the Division
of Biology and Medicine, in aneffort to acquaint

people throughout the world with our knowl-

edge in waste disposal areas in particular, and

in a broadtraining sense generally. Does that

answer your question?

 



   

 

DISCUSSION ON TOPIC V

Internal Emitters

Col. Trum. I have material similar to that
presented by Dr. Lindberg. I would like to

showa slide on which the results of an 1-131
survey on cattle and humans are summarized.

The data contained in Figures 1 and 2 were

taken fromvalues of I-131 measured since 1954
to present. The survey began shortly after
Van Middlesworth made his initial report.
The cattle samples were collected by veterin-

ariens of the Armed Forces throughout the

world. They are averaged in presentation,

This survey was done in conjunction with
Comar’s group at the Oak Ridge Institute of
Nuclear Studies, where the survey of human

thyroidal 1-131 was made from samples sub-
mitted from various points in the United States.

In July 1955, a limited symposium on. this

subject was held at the Medical Division, Oak
Ridge Institute of Nuclear Studies. It was
pointed out at that time that there was a .
significant difference observed in the I-131 con-
tent of thyroids from pastured and stabled
cattle. However,for the purpose of these data,
only beef fed on the range or grown on the range

and stabled for a short time furnished the
samples.

Dots, which are indistinguishable to me from
this distance, represent nuclear detonations. If

we were able to make the distinction you would
note that some are labeled Russian, English,

and United States shots. Contrary io the
British, who have told me they can see a USA

flag in every radionuclide they find, we find

little difference. There is a peaking following
each test. There is a delay in peaking which
we would not expect with a short-lived nuclide
such as I-131.

1 wish Dr. Comar were here to explain this
moredefinitively. However, in my estimation,

448029 0-58 ~ 16

 
 

if radioiodine is Lo becritical in fallout, it will
not be in this typeof pickup but in a type which

T had hoped would be discussed at this sym-
posium, and that is the pickup of the shorter-

lived isotopes. In my experience these may

change the picture somewhat. I had hoped
that there would be a program some place in

which attention had been centered on these
nuclides, where I think the relation between
ingestion and inhalation or other factors may

give us more variation.

T should like to point out, unless Col. Rust

whois present would like to speak on this, that
it doos-not take a lethal dose of irradiation to
varyiodine pickup in the animal thyroid.

Col. Rust. You go ahead.
Col. Traum. The first of the Col. Rust's

slides is a micropathologysection of the normal
animal (Figure 3). Figure 4 is the thyroid

of the acutely irradiated animal. Note the

microfollicular changes that distinguish the
normal from the irradiated thyroid. Figure 5
showsthe results of iodine pickup inirradiated
animals. The scatter of values reflects the
physiological changes demonstrated in the histo-
pathology of the previous figures. Although

dose dependent, the variations are great.

These variations are not due to techniques, but

are reflections of the physiological condition
of the animals. This phenomenon has been
verified at the Radiobiology Division of the
Army Medical Research Laboratory at Fort
Knox. They have stated that under 900 r of

whole bodyirradiation this phenomenon is a
fairly good indication of dose.

T point out these things because we happen
to have these data. If anybody has more of
such material we would like to know of it.
Thank you.
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Dr. Lanaaam. To summarize the status of
the problem of internal emitters in one short
sentence,it is quite a mess. The problemis,

as always, lack of adequate data, and especially
does this apply lo human data.
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T would like to more or less summarize the
status of internal emitters by really pointing

out where our lack of information might lie
in hopes that it will stimulate the experimental
radiobiologists, primarily, to increase their  
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efforts, and perhaps especially their efforts to

get more data on long-lived animals, primates,
andespecially man.

T would like to put on the board the basic
formulae from which Dr. Morgan has worked
s0 diligently the last few years to get us tables

and tables of numbers. From these formulae
one can sce the very inadequacies in our data
which, if supplied, would allow us to put the

whole subject. of internal hazard on a somewhat
more sound basis.

0.1(0.99) 162

I=}, ~ SERRBEYN
_ 16
~2E(RBE)N

=...OmW
PNPB.TKIXLEXI

6.05 X 105f,2E GBEN|

28X10™mW8.4107"
I=73hRBE) N“ZSE(RBEN

3.5 1078q fe(MCP)=FG"oy

3.1107 tq fe
(MPC)0

q= maximum permissible body bur-

den

W=0.3 rem/week

m= mass of critical organ (g)

f,efraction in critical organ of total

in body

ZE(RBE) N=weighted energy absorption term

given by equation C,

(MPC),maximum perniissible concentra-

tion in air (ue/e.c.)
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Fraure f--Vhyroid upinke of 1-181 as influeneed by
trradiation.

(MPC),== maximum permissible concentra-

. tion in water(uc/¢.c.)

rsx effective half-life (days)
J,=frection inhaled that arrives in

“ critical body organ
fe=fiaction ingested that arrives in

critical body organ
t==period of exposure (days)

The basis of our present calculations for the

maximum permissible burden of internal emit-
ters goes back to either of Gwe concepts that are

themselves based on human experience. We
have had enough experionce with X-rays and

gamma. rays to feel that 0.3 roentgen per week

will not do appreciable damage to a personif

taken throughout a workinglifetime.
On the basis of 0.8 reentgen per week, then,

the Subcommittees on Internal Tolerance or
Internal Maximum Permissible Levels have
chosen to relate the dose of the internal emitter
to that amountof the internal emitter which
will deliver the equivalent of 0.3 of a roentgen
per week to a critical organ, usually the organ

which shows the highest concentration of

the matorial. We find that q, the maximum
permissible amount in microcuries, is equal
to a constant times the mass of the critical
organ ‘times the 0.3 rem per week. The

biologist. cannot even tell Dr. Morgan with
certainty what the mass of thecritical organis.
Obviously this is the fault of biological varia-
bility and not the biologists. This factor is
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divided by the fraction of the material in the

total body that concentrates in the critical

organ, that is, f;, Dr. Morgan gets these f,

values from any animal experimentation that

he can or anywhere he can find thei.
Manyof us do only service to him by calling

an occasional number fo his attention, But for

that matter, no one is really certain in every

case of every isotope what the fraction of that

in the total bodyis concentrated in the critical

organ. Especially is this trne of humans.

This then is multiplied by the sum of all the

energies - this of course can be gotten from

physical date~-weighted for some or all the

energies for each disintegration, weighted for

the relative biological effectiveness of each.

Now we really have him in the land of
uncertainty. RBE is supposedly thateffect. of

the radiation when compared to a similar

effect of X-ray on an energy to energy basis.

In other words, it is surprising to find that we

do not agree to this day whether or not 100

ergs of energy delivered from an alpha particle

is 1 or 20 times as effective as 100 ergs of

energy delivered from X- or gamma ray. So

obviously, RBE is an area of uncertainiy, and
one which will probably remain uncertain for

a great length of lime, because it seems now

that RBE may be specific or may be different

for every biological effect and every biological
system thai one wishes to test.
Then the factor N, which is the distribution

factor, and in some cases is called the ignorance

factor. It is into N that we can lump all of

those uncertainties, including the uncertainty

as regards the homogeneous distribution of the

material in the critical organ. There, then, we

can sec that there is plenty of room for improve-

ment in the various numbers that go into the

basic formula of calculating maximum permis-

sible levels.
Taking advantage of another human experi-

ence, it is customaryto relate the maximum per-

missible level of internal emitters of bone seek-
ers to 0.1 microcurie of radium, and the first

formula I gave previously expresses this rela-

tion. In other words, q now the microcuries of
the unknownsubstance whichis the bone seeker
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is equal to 16 divided again by the f;, the frac-

tion of that in the total body which is concen-

trated in the eritieal organ, times the suimma~

Gion of the cnergies of all the disintegrations,

each one weighted for its RBE andforits distri-

bution and energy deposition in the critical

organ. We cansee for that mattor that thereis
absolutely an area of uncertainty in whether or

not a tenth of a microgram of radiumis a (rue

base line in humans on which to base these data.

But until better data are available, this thenis
the best we can do. When wecalculate maxi-
mum permissible concentrations of air and

water we find that the MPC equal to a constant
times q, the q which was derived in some man-

ner as specified earlier, times the fraction of the

material in the total body that is in the critical
organ, divided by another biological uncer-
tainty, and that is the fraction of that which is

inhaled which ends up in the critical organ,
times the effective half time, and the effective

half timein this caseis the radiological half time
times the biological half time divided by the
sum of the two, all of that times one minus e

raised to the 0.693 power times t, the time of

exposure that we intend to let the individual

receive in order (0 come to equilibrium, divided

again by the effective half time.
We see here, then, many places where the

data could be improved by experimental data
on humansor primates or for that matter even

better animal data. For example, the biologi-

cal half time of many of these substances has
never been determined in animals. The frac-

tion of that whichis inhaled, which goes to the

critical tissue, is very closely tied in with the

problem Dr. Stannard was discussing this
morning. Obviously this depends on particle
size. Particle size is only 1 of 17 different fac-
tors reported in the literature, which are sup-

posed to affect hing retention.

After we get the particle problem taken care
of we still have 16 others to go. We can then

see a great degree of uncertainty that may

exist where more information or more nuclides

in humans especially, and primates, are sorely

needed, even such a simple thing as a biological

turnover time. In regard to that particular
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factor, | would like to mention our own work

which involves whole body human counting

in which by means of the whole human body

Cechniques (ihe Hquid senitillator at our place,

and the crystal spectrometer at the Argonne),

wefind it is possible to give as litle as 1/100th

of the rem maximum permissible burden to a

human and get biological turnover times by

merely counting the individual at intervals.

We have started through the periodic table

using every good gamma emitter to iy to cor-

relute biological turnover time in mice, rats,

dogs, monkeys and man. Here we inject the

material info the animal and merely count him

in the whole body counter periodically to get

the retention curves,
Going through the periodic (able is a slow

process. In fact, as I said at the Health Physies
Society meeting, if we report on one sub-family

each year, then we are assured of getting to

attend the mecting for the next 18 years, We

find that we are not quite keeping up with the

schedule. You camot get through one sub-

family of the periodie table in that length

of time.

Such interesting relationships are already

starting to come out as trying to correlate the

weight of the animal with the biological turn-

over time. Wefind that for sodium and potas-

sium, if one plots the log of the weight of the

animal species versus the biological half time

one gets a nice straight line. When one gets

to rubidium and cesium. up through the dog

and monkey, one seems to get a straight line.

Whenone gets to man, man no longer fits on

the curve, The biological half time determined
by whole body counting of cesium is of the
order of 110 days in man; for rubidium it is

of the order of 85 days. We hope by going

through the periodic table and picking gamma

emitters and giving (hem te human volunteers

we can eventually get more data on biological
retention times,

Another point 1 would like to mention, of

course, is his very idea of retention of partic-

ulate matter in the hmg. Lf one looks in the

International Commission handbook, and 1 am

sure in the newversion of the National hand-
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book, one. will find a very arbitrary decision

made on the disposition of radioactive particles
in the lung, made primarily to enable us to go
abead and calculate the maximum permissible
air concentrations based on lung retention. One
will find thal we arbitrarily say that 25 percent

of that which is inhaled or of those particles
which are inhaled comeright back out without

setling down on the mucous Hnings of the
respiratory tract. We say 50 percent deposit

in the upper bronchial tree. Twenty-five

pereent of these particles gel on downinto the
alveolar sacs. This might be true for a specific
particle size distribution. To think it would
be true for all 17 of these conditions that 1
mentioned on which lung retention is dependent

is asking for quite a bit, But anyway, in order

to have » basis for calculation, we must assume

this 25 pereent tums around and comes right

back out, 50 percent deposits in the upper

bronchial tree, 25 percent gets in the alveolar

sacs. Of that which deposits in the upper

bronchial tree wesayit is all essentially removed
with a biological half time that is strictly a
guess. We say of that which goes into the
alveolar sacs, if the particle is insoluble, twelve
and one-half percent of it turns around and

comes up in the bronchial tree, and eventually
ends up in the gut.

T think Dr. Morgan said this morning that
61 percent ends up in the gut. I hope he meant
62.5 percent, because his pencil can pick up

those differences. The biologists cannot tell
the difference plus or minus a factor of 10.
Of that 12% percent which remains in the

alveolar spaces, all is assumed to be eventually
absorbed and contributed to the body burden.
Thatis a mode] on which our present concepts
are based. To test this model in animals of
various Lypes and especially in the humanis
certainly one of the great needs and 1 think

one of those things for which the biologists will
éventually collect the data if they live long
enough, and receive enough support from the
various agencies,

Lastly, something that has dominated this
meeting entirely is this concern for the fallout
problem. Even though this meeting was sup-

posed to be on immerliatefallout, it was obvious
the thinking was on long-term chronicfallout,

such as may be involved in worldwide contami-
nation, Here our ignoranec beeomes even

greater, thoughreading as muchof the informa-

tion from Operation Sunshine that one ean, T
ean’tfeel that we are in any serious trouble. I

think it is true that we in all probability may
have the strontium content in children by
1970 up to maybe 1/100th or maybe 2/100ths

of the maximumpermissible body burden for
large populations, that being set at 0.1 micro-

curie for strontium. As far as I can see all of
the excitement. that we have just had over this

problem, is hardly justified. There is hardly

any doubt that we are dropping radioactivity

on people, and we have, in keeping with the

urgency of the Public Health Service, been

pursuing this as a problem in order that we will
know whatthe status of it is, and what to do
with it before it ever becomes a problem, we

hope. Let us merely question this 0.1 micro-

curie for worldwide populations.
Long term chronic studics are needed to

really determine whether 0.1 microcurie of

strontium is a maximum permissible level in the
humansubject, one that we can live with and
feel confident of. [would say thatit is probably
a conservative one. If one calculates the radia-
tion delivered to the bone from natural sources
over a 70 year period under normal radium con-

tent soils and building materials, he comes up

with the idea that the bone mayreceive about
8.5 rom per 70-yearlifetime. In high radium

areas, it may be as much as 3 Limes that, or 4

times, which would be up to around 30 or 36

remper 70-year lifelime. If one takes one-tenth

microcurie of strontium and assumes that this
remains in the bone throughout a 70-year life-
time one comes up with about 18.5 rem per 70-
yearlifetime. .

This is taking the pessimistic view, because
we knowthat a major part of this strontium is
laid downby age 20, and that in all probability

maybe equilibrium will be maintained by ex-

change. Maybe it won't. If one considers a
factor of decay from age 20 on, then one would
say that a tenth of a microgram of strontium

DISCUSSION ON TOPIC ¥ 231

deposited up to age 20 and maintained at the
normal radioactive decay rate to age 70 would

deliver a dose to the bone that is about equal to

normal background from cosmic rays and
radium. ,

This is cutting the numberpretty fine when

we are considering that for somatic changes;
since strontium does not concentrate in the
gonads, we are considering thal we can only

double the natural background. But until we

do know where weare going,it is obviously wise
to walk with caution.

T might say still more fundamental and trou-
blesome in this whole problemof internal emit-
ters is the formula that we gave earlier and

especially the second one. This formulais based
on the concept that it is equally bad to give

to an organ 0.3 of a rem per week asit is to give
0.3 of a rem to the whole body.

Ts the radiation partially delivered to an

organ worse than to the whole body? I think
the importanceof this can be seen when yousee

Dr. Morgannow calculating maximum permis-

sible levels on the basis of the radiation of a
small arnountof thelarge howel. Is to irradiate

the large bowel with 0.3 rem a week as bad as
radiating the whole body? It may be that
irradiating the large bowel is just as important

because the large bowel may be a very sensitive

organ.

This T have said in summary of the sym-
posium here because it is my understanding

that the Chairman has theprivilege of getting

up and making broad sweeping statements and

closing the mecting, which does not. allow his
sweeping statements to be a subject of discus-
sion.



CLOSING REMARKS

Eveerne P. Cronxire

Dr. Cronxits. Dr. Dunving, Col. Maxwell,
T certainly must admit that I accepted this
rather reluctantly, not being by training and

experience really qualified te interpret all of the

different diverse disciplines and talents that

have been discussed here, However, I did

acceptit, and if you will bear with me for afew
moments,I will go over someofthe things which

I primarily looked at perhaps as a physician.

The objectives were to try to get someidea

of what should be done, some idea of what is

actually well known, and where to go fromhere.

I will try to take each section rather briefly.

Thefirst topic on decay constants, weathering

and shielding, produced some rather interesting

facts that I had personally not appreciated.

Dr. Nagler of the Weather Burcau outlined the

input data for their model for the prediction of

fallout which embraces the necessary physical

paramcters that must be put into Stokes law.

However, I detected a rather simple statement

that he made as he went over this, that in

reality they took past experience and fed past.

experience into their machines, and then pre-

dicted the fallout, rather than used the actual

mathematical model. This seems to indicate
thatin this area, not only for the ratherdiffuse

planar distribution of fallout material, but

particularly to get practical information on

drift, turbulence, piling up end inhomogencities

that must certainly exist in areas, particularly

in urban areas,if fallout should oceur, is really

an urgent field for further mathematical and
practical study.

Dr. Graveson presented encoureging data on

theeffectiveness of shielding by a building that
is comparable in its dimensions to the average

American home. It appeared that these meas-

urements gave very significant protection,
However, the diminution in the intensities

actually measured inside this aluminum build-
ing seemed to be somewhat in conflict with the

concepts that were later presented by Dr. Borg
and Dr. Bond.

It appears that many more empiric studies of

this sort are indicated to try to bring together

experiment and theory. Dr. Breslin pointed

out the great effectiveness of simple types of

washdown provided the conditions of wetting

and adequate volame flow are maintained.
The data presented by Dr. Zobel on the

emission of fission products very carly after

fission confirms the calculations of Borg and
gives much further useful information that can

be fed into the experimental models.
Dr. Mather’s contribution was a most

practical point. The spectrometry readings

varied considerably with angle from the surface
of the ground, and pointed out the practical

problemsof shielding, and thatshielding is most

effective against the horizon.

Dr. Borg pointed out that the Spencer-Fano

equations for gamma radiation can be used

most effectively to define the spectrum at any
point in space from a monoenergetic or poly-

energetic source when the necessary factors

are fed into the model. The meanor effective
energy of a polyenergetic source is useless.

The source mustbe treated as separate, discrete

fragments, to study the behavior of each with

distance using the appropriate buildup factors

to describe the condition in space in which one

is biologically interested.

Hepointed out that the actual measurements

in the field were initial radiation, and those

predicted by theory are veryclose, indecd.
Dr. Borg further pointed out that a similar

method could be well applied to the analysis

of the spectrum from afallout field, and in fact,

preliminary calculations have indicated its
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feasibility. It appears that this is a very

important area in which further analyses are
necessary.

Dr. Bond exhaustively demonstrated the

facets that determined depth-dose patterns in

phantoms. From the data of Chamber, Imirie
and Sharp, he conclusively demonstrated that

the patterns observed in the fallout field and

with initial radiation are approximately what
theory indicates they should be when the

source is treated as multiple separate discrete
sources, and using the appropriate buildup

versus distance considerations. The inade-
quacies of air dose to express biological effect
was proved, and the dependence of the bio-

logical effect on depth-dose pattern was

evident. It can only be hoped that the

approaches and conclusions of Drs. Borg and

Bond will be used by the hazard-evaluation
people, and by those people performing further
empirical field studies.

In addition the apparent acute hazard of

neutrons to man was dealt a rather severe
blow when depth-dose considerations were
dropped by use of what one might call the
engineering RBE from a maximum of two to a

mouse to less than 0.1 for a large animal, such

asman. This is in respect to the acute effect.*

In the section on biological repair, Dr. Hen-
shaw has courageously proposed a work capacity

versus dose and time graph. This will be
accepted gratefully by those who haveto esti-

mate hazards. However, it can only be hoped
that they will use it in the manner that was
proposed, and with all the reservations that

Dr. Henshaw presented. I can’t help but feel
that the rather flat depth-dose effect response

that Dr. Henshaw presented for man might be

much more steep if all of the air doses that

went into it were appropriately converted to

tissue dose.
Dr. Storer, Sacher, Blair and Jones were

fortunately assembled all in the same room at

the same time. The result was certainly from

my standpoint most educational and interest-

ing. As a basis for all approaches are some

“Subsequent work has shownthattherelative effectiveness factor may

Ue in the vicinity of 0.5.

very strong assumptions that injury processes

are linear. If these basic assumptions are
proved wrong,it is quite evident their theories

will predict inaccurately. What appears more

importantis that as further analyses are made,

one realizes the death function both acutely
and chronically is exceedingly complex. Re-

pair processes proceed at different rates in

different tissues. Death can be reached by a

multiplicity of mechanism and causes, and it

appears that much more experimentation with

all the permutations and combinations of radi-
ation techniques, of varying dose rate, area of

body irradiated, fractionation, etec., will be

necessary to finally resolve the relationship

between total dose, dose rate, fractionation
and life shortening.

The areas of agreement seem to have broad-

ened considerably. Although Dr. Blair doubts

half times for the recovery of injury processes

can be correlated with any measureable physi-
ologic parameter, it appears that this would be

a desirable area to investigate.
From the practical standpoint, a correlation

of recovery in peripheral blood with half time

seems desirable for here is a point to use in
extrapolation to man, since long term hema-

tologic data is becoming available in the
Marshallese. It is quite evident that this is

one area in which the direct clinical research

is not acceptable.
It was of interest that Dr. Trum’s date on

the hematologic recovery in burros looked very
muchlike the Marshallese data to date.

In the section on beta burns, Col. Brennan,
making certain assumptions on energy and

uniform distribution of fission products, cal-

culated the contributions of dose at a point in

a planarfield as a function of radius and height

above surface. This approach coupled with

the Spencer-Fano equation could describe the

dose at this point from polyenergetic fission

field more adequately. This dose should repre-

sent the maximum hazard sincedrift, direction-
ality and shielding wouldall effectively diminish

the effect as previously considered by Drs.

Bond and Borg. I personally do not share the

feeling that beta bath is a real hazard as im-
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plied by Col. Brennan. The contact beta burn

is areality. The beta bath effect is diminished
by movement, by clothing, by a foxhole. If

one were prone or supine, immobile and nude,

suspended 5 centimeters from the ground, the

effect would be great indeed at a beta-gamma

ratio of 50 to 1.

For situations that I can see with dose rates

that are probable, one would have to be pre-

cisely prone, immobile, and nude and probably

dead. Not meaning to introduce levity, but

this is a difference of opinion, and certainly

more study is needed to resolve these differ-

ences.
In respect to the biological effect of beta

irradiation, the obvious question is, do animal

studies apply to man? In part, I think the

answer is yes. However, J have been assured

by manyveterinarians that the skin of cattle

and of swine is particularly more reactive and

prone to produce hyperkeratosis and acan-

thotic lesions as observed. There can be no
question about a qualitative similarity, but I

somewhat question whether one can say there

will be quantitative similarity between the
animal studies and man. I personally think

that the cosmetic future of the Marshallese

is rather good. Certainly Dr. Conard in his

continuing studies of the Marshallese through-

out their lifetime or his will find out the answers.
Particular importance in assessing the beta

hazard, I believe, are the attentuation curves

that Dr. Conard presented.
In Dr. Morgan’s presentation it was certainly

welcome news to know that the National

Bureau of Standards Handbook 52 will be

revised and have a broader base and include
new nuclides and both single and chronic hazard

estimates. I do not see how he and his group

can possibly do all this work that is involved in

these revisions and we certainly owe themall a

debtof gratitude.

Dr. Jones’ studies on iodine-13! uptake in

the thyroids of cattle and of man certainly

were most encouraging and show quite con-
clusively that the dose is small. The observa-

tions of Trum concurred with this indeed.
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I was most interested in the studies of Dr.
Durbin on the kinetics of strontium-90 uptake,

retention and excretion. It goes without saying

that much more studies of this type, as has

been so ably demonstrated by Dr. Langham

a few moments ago, are urgently needed in a
wide spectrum of animals and over the wide

entire spectrum of the radio nuclides.

Dr. Placak’s observation on plutonium-239

and its distribution in the Nevada test site
and areas remote from there quite conclusively

demonstrated that though there is apparently

no hazard here again is another subject that

must be closely watched and a continuing

study is essential.

Dr. Stannard listed the physical and physio-

logical parameters necessary to evaluate the

pulmonary hazard from particle inhalation.

However, the problem was not putto rest. It

looks as thougha start has only been made, and

a tremendous amountof work yet is to be done

to try to evaluate a single nuclide, let alone

the sphere of size and substances from fission

products.

In Major Woodward’s absence, Dr. Schrodt

presented the problems that were closcly allied

to the previous observations of Dr. Jones and

Col. Trum onurinary excretion of iodine-131.

It seems that there is one minor or possibly

importantdifference here. It seems inconceiva-

ble that man could be taking the iodine in

other than by inhalation. The cattle intake

was from feed, predominantlygrass.

The studies of Dr. Lindberg and Dr. Larson

brought out what struck me as two rather im-

portant considerations. First, the fractiona-
tion of fission products by the size of the parti-

cles between plants on which animals graze,

and the underlying ground, and the fractiona-
tion of iodine-131 and strontium-90 with dis-
tance from the site of detonation. It appears

that all of these factors must have to be fed

into the ultimate models for assessing both
acute and long term fallout hazards.

I was quite impressed with the mass of data

that Drs. Weiss and Cohn presented. How-

ever, as a physician, I find myself completely

unable to interpret the importance. Tt appears
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that a tremendous amount of kinetic data on
the relationship of not only strontium-90, but

all of the substances that are in fallout in re-
spect to the availability, uptake, retention and

circulation in all of the biological cycles that
eventually lead into the food chain are essential
before one can have an adequate model to

evaluate hazards.
I need only comment on Dr. Terrill’s talk

that the gist of his statementis the sort of thing
that I personally feel should be disseminated
widely in the appropriate form to the public.

In concluding the summary, and although

instrumentation was not a part of this sym-

posium——it was deliberately not a part of this
symposivm—I can’t but have the feeling that

instrumentation development, manufacture and

useis going ahead without, at this time, sufficient

delineation of the real biomedical problems that

need to be known. Perhaps further study of

the instrument side should be gone into and

further evaluation of what docs one really need

to know from an instrument before another
instrumentation development program with its

tremendous expense of time and money is en-

tered into.

In concluding, I would lke to say that this

symposium has been most valuable and educa-

tional to me, and on behalf of all of you, I would

like to thank Dr. Dunning and Col. Maxwell

for organizing it. [Applause.]
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