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ABSTRACT

A ;tudy was made of the biological fate and persistence of radioactive fall-out relative
to the physical characteristics of fall-out contamination, which varied with distance from
Ground Zero (GZ). Special attention was given to the type of 1all-out contamination on forage
plants as representative of the internal emitters available to animals grazing in fali-out-
contaminated areas.

Data indicated that the activity asscciated with the plant samples collected from areas
within the various fall-out paiterns was predominantly thc result of external contamination by
radioactive fall-out particles less than 44 p in diameter. The degree of plant contaminat.un
was a function of the mechanical distribution of the particles less than 44 . in size within a
distance of 100 miles from GZ, which was in turn influenced by such conditions of weapou
detonation as tower heiglt and meteorology. The radioactive fall-out material on plant foliage
was persistent, as evider ced by the activity remaining on leaves after washing in Versene and
0.1N HCI solutions and a’ ter mechanical shaking brought about by severe windstorms. An aver-
age of 21.6 per cent of tt e contamination on washed leaves was soluble in 0.1N HCl, which sug-
gests that a similar percentage of the fall-out material ingested by grazing animals would go
into solution in the diges ive tract,

The tissue burdens «f mixed fission products in animals sampled from fall-out-contami-
nated environments tend: d to decrease with distance from GZ in a manner similar to the de-~
gree of plant contamination. However, the beta activity per unit weight of femur tended to
remain fairly constant to a distance of 140 miles from GZ. The thyroid showed a greater tis-
sue burder. of radioiodine at 60 miles than at either 12 or i40 miles from GZ.

The relative decrease of total beta radiation in tissues of native animals serially sampled
from the same fall-out-contaminated environment in most cases did not markediy deviate from
the theoretical beta radicactive decay rate of mixed fission products (t~''?). The beta activity
per unit weight of femur, however, gradually increased until 3 days postshot and then de-
creased. The thyroic activity continued to rise throughout th. !5-day sampling period. lodine-
133 13 believed to contrib ite largely to the thyroid burden during the [iret 3 days following the
detonation.

In all cases, animals with high activity in the gastrointestinal contents alsc had relatively
high tissue burdens, wher:as animals with low activity in the gastrointestinal tract had low
tissue burdens. This suggsted that ingest'on was the principal source of fission products ac-
cumulated in tissues. The data further indicated that, in a population of animals grazing in a
fail-cut-contaminated env.ronment, a rapid equilibr.um between the absorbed activity and that
passing through the gut miy have been established within the first 2 days following faii-out.
Data suggested that inhalation was a negligible path of uptake of fission products derived from
weapons testing Juring, and for 12 hr immediately following, fall -out contamination.

The accumulation of 118310n products by grazing animals was relaied to particle size, and,
because the plant acted as a selective collector {for very smail {all-out particles (predominanti
less than 44 ;. in diameter, | the {ntake of radioactive bomb debris by animals during grazing
tended to be simitlar over i great distance and apjeared to be {ndependent of t.lal residual
fail-out.




The amount of any specific fission product present in the environment is dependent in part
upon the physical and chemical bei:avior of its parent during fall -out particle formation. There-
fore, the amount of any specific isotope at any particular location within the fall-out pattern
will be highly variable, and the occurrence of areas in which the biological accumulation of that
isotope i8 hieh may be anticipated.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES

The purpose of this investigation was to study the 1actors influencing the biological fate
and persistence of radicactive fall-out materials in areas adjacent to the Nevida Test Eite
(NTS). Data have been obtained pertaining to the following phenomena:

1. The biological accumulation of radioactive materials derived from nuclear detonations
as functions of distance of the sampling station from Ground Zero (GZ), radicactive particle-
size distribution, and fracticnation of fall-out material as it may vary with distance from GZ.
These data included determinations of total uptake of fission products in arimals, sites of
retention, rates of clear»nce, and isotopic identification of some contamirants.

2. The persistence of radioactive fall-out material on plants and in animals living in con-
taminated environments.

4. The availability of fall-out materials to plants under various conditions of contamina-
tion. These studies included cropping of contaminated soils, foliar retention, and uptake of
ranioactive ‘naterials from soils treated with organic matter exposed to fall-out materia’s.

4. Evaiuation of inhalation as a significan: ghenomenon in the uptake of radioactive [all-
cut in actval fali-out areas.

5. The percentage distribution of the total-body rurden of certain tissinon products in the
tissues of animals exposed to fall-out at various distances from GZ.

1.2 FBACKGROUND

Previous studies of the hivlogical fate and persistence of radioactive fail-cut resulting
from contiental detonations of nuclear weapons have revealed the {ollowing:

1. Radinactive fall-out is immediately available to animals and is accumulated ard’/or
m.etabolized in microcurie leveis of concentration.':?

2. Radioactive fall-out is persistent .n the environment over a period of years.®

3. Radioactive substances res 'ting from fall-out contamination are persistent in meta-
bolic syste.ns for a period of years, apparently 1n equilibrium with the environment. ™

4. The tota! biological burden of fission products 1 year or more after initial contamina-
tion by radioactive fall-out is similar (within the fali-out pattern} throughout a distince of at
least 138 miles ‘rom GZ. There 18 a tendency fur the body burden of ceitain radivactive ele-
ments in native rudeats to increase with distance from GZ.%**

4

These data and studies of the physical and chemical nature of tall-out materisl’ have led
to the assumption that tiological availability of fall-out material 18 a iunction of tie physical
state of fall-out, the isotopes present, and the method of biological uptake (1 e., ingestion,
inhalation, root uptake, and foliar absorption}.




Fall-out materials resulting from continental detonations have been characterized as
particulate in nature, consisting principally of fused, siliceous or magnetic beads; however,
there are exceptiong.®! There is a real possibility that large particles as such do not con-
tribute appreciable amounts of available radioactivity for uptake by plants and animals,!'? but
these large particles may act as carriers for smaller and more readily available particles
(which may range in size from molecular to a few microns) adsorbed on their surfaces. These
adsorbed particles may be easily dissociated from the large particles by moisture in the air,
on the ground, or in the lungs or digestive tracts of animals. There is no real evidence that
this does not account for the apparent solubility of some large fused particles studied. This
supposition is borne out by the trail of radioactive material left by large particlies bouncing
across a gummed paper,'® by the radioactivity measured as soluble in rain water at Hanford
Works,!! by the preaence of very fine particles within a few miles of GZ,” and by the high
incidence of radiotodine within a few miles of GZ.%!?

Evaluations of human hazards resulting from fali-out contamination are generally made
on the assumption that fall-out materials, whatever their physical nature or distribution, are
homogeneous and follow the typical mixed-fissicn-preduct decay function (t™'+?). However,
physical characteristics of fali-out particles, such as solubility, have been shown to vary from
2 to 75 per cent.® Some particles are magnetic; others are not.®>?!? Fractionation of fission
products among fall-out particles and as a function of particie size has also been demonstrated
(references 7, 9, and 14-16). The gamma decay rate of fall-out material has been observed to
deviate significantly from the t~!? decay factor.’ These observations tend to support an op-
posite contention: Fall-out materials are not homogeneous with regard either to physical state
or isctopic content. With such variability, it is doubtful if the present data are adequate for
the proper evaluation of biological hazards, particularly if it is realized that the concentrated
effort of describing the nature of fall-out material has been restricted chiefly to large par-
ticles, whose relative biological significance is thought to be low.

It has been stated that biolcgical availability is a function of the solubility of fall-out ma-
terials.*1 This suggests that availability of fission products from fall-out particles is a
function of their surface/mass ratio; or, in other words, the smaller the particle, the greater
its potential solubility and biologica' -ignificance. It has been demonstrated by particle-size
analysis of fali-cut materials that a proportionately larger number of small particies uccur
with increasing distance from GZ." It then follows that the solubility (biological availability)
of fall -out materials may actually increase with distance, although the total radioactivity falls
off very sharply. The validity of such an assumption is supported by data obtained during
Operation Upshot-Knothole which showed that animals collected 31 miles from GZ contatned
greater amounts of radioactive material than animals sampled 16 miles from GZ, although the
environment at 31 miles received much less contamination.? Data from four stations between
Yucca Flat and St. George, Utah, revealed that the accumulation of radiostrontiuin in animal
bones as measured | year after contamination was approximately five times greater in the
St. George area (130 miles distant) than within 5 miles of GZ.*

The biologically significant areas in terms of exposure to external radiation may be rela-
tively limited in time and distance from GZ. However, the effects of internal radiation as a
result of absorbed and/or metabolized radicactivity must be considered in terms of the entire
fall-out pattern over whatever area or distance it is detectable. The time span of concern will
be dictated by the biologically significant isotopes of long half lives. At the present time,
radirstrontium (Sr™) and radiocesium (Cs") are the critical elements because of their rela-
tively high fission yield or abundance, their biological availability, and their long half lives. It
has buen demonstrated, however, that the total rietabolized racdioactive n.aterials in animals
1 vear after contamination cannot be accounted for by radiostrontium or radiocesium alone.
Due attention muast be given the short and medium half-life isotopes that may be contributint
to the totai-body load; notable examples are radioiodine, radiobarium, and radioruthentum ! -1
Except for the original Alamogordo survey,’! data are conspicnously absent regarding levels
of residusl alpha radiation resulting {rom fall-out contaninution.

It is possible that many of the data reported which discount irhalation as a significant path
of uptake are the result of inadequate sampling of air-borr.e ma:erial. It is interesting to note
that reports of previous air-sampling programs usually r.re prefa-ed by a discusston of the
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inadequac.es of the samplers used. Apparently 110 szmpler has yet been designed for field use
which wiii secure a random sample of an aerosol. The fact that inhalation may be worthy of a
detailed study was suggested by experiences during Operation Buster-Jangle.!* Althcugh meas-
ured air-borne concentrations were considered below the maximum permiesible level, the fol-
lowing statement was made:

Of particular interest in both Jangle shots was the amount of extremely radioactive air-borne
dust which could pass a given point without leaving any significant deposition on the ground. It s well-
known that the dust cloud following the second shot went to the north with a low velocity wind and
seemed to hang in the valleys. However, it is not so generally known that in the late afternoon the
wind reversed and the dust returned and passed directly over the Control Point. By this time it had
a mean particle size of asproximately 0.1 4 but was sufficiently active in raising the background so
that all counting activities had to be discontinued for the night. Filter papers on which some of the
material was collecied were too hot to count even on the following day.

Muzzled animals that were exposed during Operation Jangle shots at 2000 and at 5000 ft
from GZ seemed to reflect a minimum uptake.! From the report, it appears that the animals
were not subjected to this second exposure in the late afternoon. If not, then a minimum uptake
from the first exposure period would be predicted (p~rticularly from inhalation) on the basis
that the smaller particles of inhalable size were carried farther from GZ inic areas where
there were no muzzled animals placed for exposure. To elucidate further the significance of
inhalation of fall-out particles as a contributing source of uptake of radioactive materials, it
appeared that {urther inhalation studies should be conducted by exposing experimental animals
to fall-out materials at various distances from GZ. Furthermore, it seemed important to ob-
tain quantitative data from the field to describe just what part of the body burden can be at-
tributed to inhalation and whether this fraction changes with distance.

Relateq to the problem of uptake of radioactive fall-out materials through ingestion by
animals is the question of foliar retention of radioactive materials by plants. In both cases,
fall-out particle size and/or the fission products adsorbed on it may be the principal influ-
encing factors. Previous investigations by this laboratory of native plarts contaminated with
fall-out have revealed the presence of persistent radicactiv: materials of which significant
amounts can be washed from the plant foliage, thereby suggesting that the principal source of
contamination is retained externally on leaf surfaces in t'ie form of particulate matter.2!?
Studies of plants grown on soil flats contaminated by direct exposuie to fali-out and plants
grown under greenhouse conditions on soils artificially contaminated with radioactive fall-out
materials have shown that certain amounts of {ission products will be accuriulated interrally
by plants.! The factors influencing these phenomens require further defiuition.

A leaf surface may be considered as a special type of collector, with the efficiency of col-
lection depending upon the characteristics of the ieaf surface, namely, sticky, hairy, rough, or
smooth. It is prohable that plants contaminated by radioactive fall-out retain in significant
amounts only those particles below a certain maximum size instead of equa contributions
from the total particle-size range. Because of the decrease in average particle size with dis-
tance, similar types of leaves should tend to retain radioactive fall-out more representative
of the total environmental contaminaticn with increasing distance {rom GZ. Such a phenomenon
may resull 1n a selective mechanism vwhereby only a certain maximum particle size is retained
by plants over a relatively large distance. If particles retained on leaf surfaces have similar
physical and chemical properties and ure the principal radicactive contaminants ingested by
grazing antmals, then ore would precict that the total-vody burden of radicuctive materiais in
animals grazing in fall-out areas would be similar over a wide range of couditions.

Experience during Operation 'pshot -Knothole Ied to the conclusion that the total -body
burden of rad.oactive {i8ston prosucts in animals exposed to fall- out could be almost entirely
accounted for as a resuit of ings:stion of range (orage.' Therefore, i this be true, it then be-
comes important to determine whether or not specific size fractions of {all-out are collected
on foragr plants: if 8o, n whit conceatrations; and, further, what the biological significance of
the contamination 18 to animals grazing the arca and to the plant itself in terms of foliar
absorption.




1.3 OPERATIONS

Biclogical sampling conducted during Operation Teapot was done undeir the administrative
direction of Project 37.1, Program 37, of the Civil Effects Test Group (CETG). It should be
emphagized that biological data have limited value without detailed physical measurements of
fall-out describing the total environmental contamination. Similarly, the physical measure-
ments iose perspective without correlation with biological fate and effeci. Therefore, Program
37 consisted of three closely integrated projects: (1) Project 37.1, primarily concerned with
the biological fate ard persistence of radioactive fali-out; (2) Project 37.2, primarily concerned
with the physical and chemical properties of fall-out and the factors influcncing fall-out dis-
tribution; and (3) Project 37.3, primarily concerned with the critical evaluation of inhalation
as a path of uptake of radioactive fall-out materials. '

The persistence of radioactive fall-out contamination in areas adjacent to NTS is a part
of the continuing research program of the Environmenta! Radiation Division, Department and
Laboratories of Nuclear Medicine and Radiation Biology, University of California at Los
Angeles (UCLA). It ie anticipated that periodic sampling of contaminated environment in this
area will continue as long as practical to extend studies initiatea in 1951,
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Chapter 2

PROCEDURES

2.1 SAMPLING AREAS

Native soil and plant and animal samples were collected from areas adjacent to NTS out
to distances of about 20u miles from GZ. Three to four sampling areas were oriented along
the preaicted and actual midlines of fall-out patterns from: Tesla, Apple I, Met, and Apple I
detonations. The midline of a fall-out pattern was defined as a line extending from GZ to the
most distant station which joins the highest levels of radiation measured it each distance from
GZ.

Environmental conditions of the sampling areas varied from those of flat desert-*ype vai-
leys to densge pifion pine and juniper forests characteristic of the northeastern quadrant adja-
cent to NTS. In some cases, sampling areas were adjacent to such agricultural centers as
Alarmo, Nevada, and St. George, Enterprise, and Cedar City, Utah. A typical sampling station
showing the prelocatiun of soils, plants, and animals is shown in Fig. 2.1, and Fig. 2.2 shows
the types of soil flats and animal restruining cages used for the prelocation studies.

2.1.1 Soils

The soils in the virgin areas are relitively young and inderdeveloped and vary markedly
in their physical and chemical characteristics. The surfac: soils are typ:.ally pinkish gray,
light grayish brown, or gray in color, and low in organic mitter. The subscils are somewhat
lighter in color and may be calcareous. The alluvial valley 30ils have become moderately to
highly saline, with pH levels of 7.5 to 8.3, through an accumulation of solubie salts under arid
conditions. Most of the land is presently used only for livestock-grazing range with iow carry-
ing capacity.

2.1.2 Plants

Native plant species coliected [rom one or more of the sampling arezs sre listed i Table
2.1 according to genus, common name, and some leaf-surface characteristics. Scme examples
are shuwn in Figs. 2.3 and 2 4.

In most of the sampling areas, the perennial piants remain dormant until late 11, April.
Most of these shrube are grazed by livestock, and their seeds, vark, and tender succulent
shoots provide food for the rodent and rabibit population. Annal plants begin germination tn
late April or eariy May, depending on the availability of moisture. The {oliage of many of the
plants provides numerous crevices tn which fall-u"t material's may lodge. This 13 particularly
true of the scalelike follage ol juniper and the sticky resinous {oliage of creosote bush

2.1.3 Animals

Small animals found in most sampling areas included kangaroo rats, [2ipodomys; white-
footed mice Peromyscus; and Jack rabdits, Lepus. Also present in many localized areas were
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Fig. 2.1 —Typical sampling cration showing the position of prelocated soil, plant, and animal
specimens (left background) relative to the air-sampling equipment of Projzct 37.2.

Fiv 2.2—Project 17,1 sampling station showing the types of wil flats ard animal restraining
cages used for pre’ocation studies,
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TABLE 2.} —DESCRIFTIGN OF TLANT SPECIES SAMSLED IN
THE ENVIRONS OF NTS

Genus Common name Lez[-surface characteristics
ARemone Desert windflower Scurfy (branlike scaies)
Aguilzgia Columbine Scurfy
Artemisia® Sagebrush Dense, matted, unbranched

hairs and glands
Atriplex Shad scals Scurfy
Ceanolhus Deer brush Bald or glabrous (not hairy)
Chrysothammus Rabbit brush Covered with soft woolly hairs
Coleogyne Blackbrush Surface covered with fine
white hairs
Brassica Musta-d Short, dense hairs, scurfy
Ephedra Mormon tea Scalelike, muriculate branches
Eriogonum t Wild buckwheat Dense, stiff, unbranched hairs
Frodium Fillaree Scattered hairs, concentrated
toward margin
Helianthus Sunflower Haira on veins and at wargins
Lorrea Creosote bush Very resinous
Lepidium Peppergrass Glabrous and glaucous
Mirakilis Four-o’clock Smooth, glabrous surface
Oernolrera Desert primrose DNense, long, unbranched hairs
Oryzodsis?® Bunch grass Sparse barblike hairs
Penstemon Scarlet bugler Smooth waxy surface
Sphaeralceat Bush mallow Denge stellate hairs
Stanleya Desert plume Rough epidermis, no hairs
Juniperus Juniper Sca.elike, imbricated
Vioia Violet Smooth giands at base
*See Fig. 2.3.
T See Fig. 2.4.

cottentail rabbits, Sylvilagus; pocket mice, Perognathus; wood rats, Neofoma; and antelope
ground squirrels, Citellus. In a few areas were found western harvest mice, Eeithrodontomys
n ogaiotis; southern grasshopper mice, Cnychomy forridus; and kangaroo mice, Microdipodops.

Of these small animals, all except the rabbits and ground squirrels normally sperd the
daylight hours ii. their burrows, which they usually plug with 8o0il. These nocturnal species
feed wainly on the seeds of the native plants. The ground squirrels have similar food habits,
but they normally forage during daylight. Rabbits feed mainly during the early morning and
evering hours ca succulent vegetation, and they may range over a half-mile-square area or
more.

The nccturnal burrowing forms will rarely be aboveground during the period of fail-out
from test shois detonated predawn, and, since they live underground during daylight, they will
be shivided from the radiation field during the acute period of contamination In contrast, rab-
bits are exposed continuously when they are in fall-out patterns. The foraging activity ol jack
rabbits, however, may take them in and out of maximum fall-out areas during the urst several
weeks, making it difficult to estimate an integrated radiation dose cover an extenided period of
time.

2.2 PLANT AND SOIL EXPERIMENTS

2.2.1 Sampling and Radicassay of Na'wve and Domestic Plants
and Soits Exposed to Fall-out Materials

Buackground soil and plant samples were collected prior to fall-out time at the Projoct
37.2 master stations.! Subsequent to fall-out arrival, three species of forage planis, when
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Fig. 2.3—1a) Lea! surface of bunch grass (Oryazcpsis hymenoides) showing the sparce bardlike
hairs, 120%; (b) leaf surface of Creat Basin sage (A;‘emisia tridentata) showing the dense
matted najry, 120 %,
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Fig. 2.4-=(a) Leaf surface of buth mallow (Sphaeralcea) showing the dznsc stellate hafrs, 120 x;
(b) leaf surface of the wiid backwnest (Enugomm) showing rthe dense, stiff, unbranched hairs,
120x,
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available, were collected from these master stations :nd {rom other sampling areas delineated
on the basig of postshot monitoring. Levels of surface-soll contamination were determined
preshot from three samples of 1 sq ft taken from each sampling site.

Apple 11 shot soil flats with 2- tc 3-month-old cilover and wheat plants were placed across

the predicted fall-out pattern at preshot-assigned stations approximately 7, 48, and 106 it iles
from GZ in conjunction with air-sampling stations from Project 37.2. Clover and wheat p ants
were grown in large eoil flats (22 by 22 by 8 n.) and in small scil flats (18 by 18 by 4 in.) filled
with Tujunga fine sandy loam scil. One week prior to D-day, one-hal{ of each large flat was
harvested {n arder to expose bare soil surface to fall-out materials. On D1 day, one large
flat cach of red clover, turnip, and wheat was placed at each prectermined astation location.
In addition, two small f'ats of clover and one small flat of wheat were prelocated at each sta-
tion. Subsequent to fall-uut arrival (beginning about H+ 6 hr), plant and soil samples were
collected from contaminated {lats and processed as described in experiments included in Secs.
2.2.2 to 2.2.6.

Except for slight modifications in counting equipment, the methods for radioassay of plants

“and scils have been previoualy described.!+? Briefly, plant materials were oven-dried at 70°C
and ground in a Wiley mill through a 40-mesh screen. Triplicate 0.5-g samples werc counted
using an end-window Geiger-Mueller (G-M) tube (1.9 mg/cm?. Observed counts were correcied
for instrument geometry using a radium D+E reference standard.

Soil samples were air-dried and sieved through a No. 19 screen. The coarse material
(greater than 2 mm in diameter; was discarded since it contained negligible amounts of radio-
active material compared to the total activity associated with the collected sample. A 100-g
sample of ithe less than 2-mm fraction wae placed in a 4- by 9-in. cardboard tray and counted
using a gas-flcw beta proportional counter. Observed counts were corrected for self-absorp-
tion and instrument geometry. The sieved goil material was separated into 14 sized {ractions
by further sieving toc determine the distribution of radioactive material as a function of particle
size.!

2.2.2 Detcrmination of Retention of Fall-cut Materials on Plant Foliage

A suitable number of leaves were removed at random from indicator plart species at each
sampling location; the leaves were then mounted on gummed paper in prepared folders and
stored in a botanical press. The prepared folders consisted of a sheet of clear cellulose-
acetate gummed paper (7.3 mg/cm?) and a sheet of botanical drying paper placed inside a
Manila folder. Leaf samples were mounted on the sticky side of the gummed paper, with their
upper epidermis facing the gum and covered by the drying paper. This procedure furmed a
permanent mount that could be further processed without disturbing the paosition of fall-out
materials on the leaf surfaces.

The mouvnting of leaf samples is shown in Figs. 2.5 to 2.7, which show the following steps
in the procedure: (1) stripping the protective covering irom the cellui. se-acetate gummed
paper fastened to Manila folders with masking tape; (2; mounting leaf sampies on the gummed
paper; ang (3) covering the mountcd samples with botanical drying paper, afier which they
were placed in a botanical press to dry.

The mounted leaf samples were used to determine total radioaciivity and the number and
size of fali-out particles per unit area of leat surface by autoradiographic and optical tech-
niques. Activity per unit area of leaf sarface was determined by counting the mounted samples
under 2 4- by 9-in. gas-fiow chamber with a proportionaj scaler {Fig. 2.8). Observed counts
were corrected for instrument geometry using a radium O+ E reference standard. Leaf areas
were measured with a polar planimeter. Eastman Kodak X-ray film (type K) was exposed to
the mountcd leaf samples for various tirae intervals, depending upon the amount of activity
retained on the leaves. The number of particles was determined by counting the developed
particle images at the different time expcsuves using a 1-cm? grid and & light box. Particle-
gize ranges were measured with an ocular micrometer using a l.eitz binocular microscope.
The clear cellulose-acetate paper permitted measurement of the particles without having to
remove them frora the mounted leaf surfaces,

Comparative studies were made on teaves of the various species ol native and domestic
plants in order to correlate {all .out-particie retention with {eaf characteristics such as leaf
hairs, glinds, stomata, and other meckanicai traps.
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Fig. 2.6— Mounting leaf samipies on celiulose -acetate paper,
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Fig. ¢ .8=-Counting the activitv of {ail-out particles retained on leal surfaces using & 4- by
9-1n. gas-flow cnamber.
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2.2.2 Decontaminatior of Plant Foliage by Washing and Wind Action

Representative samples of fresh plant materials were divided into three replicetes and
washed with water, 0.1N HC1, and 5 per cent Versene (ethylenediamine tetraacetic acid, or
EDTA) solution by dousing the plant materials in these washing media for a total washing time
of 10 min. After the samples were rinsed with distilled water, they were air-dried, ground,
and radioassaved in order to assess the effectiveness of the various washing media in remov-
ing radioactive fall-out materials from plant foliage.

Alfalfa samples were collected from fall-out-contaminatad agricultural areas both before
and after severe windstorms in order to measure the effectiveness of wind action in either
removing fall-out materials from plant foliage or adding fall-out material through redistribu-
tion of primary fall-out.

Mechanical damage to the plant ioliage as the result of the washing treatments made it
impossible to make leaf autoradiograms to show a comparison between the number of particies
retained on the washed and unwashed leaves. Therefore, triplicate 0.5-g samples of the dried
and ground, washed and unwashed tissues were radicassayed and spread evenly, as near to a
single grain layer as possible, between two cellulose-acetate gummed papers. These samples
were autoradiographed, and the exposed spots were counted as a means of obtaining a com-
parison of the number of particles retained on plant foiiage before and after the washing treat-
ments.

2.2.4 Determiration of Solubility of Fail-out Materiais Retained on Plant Foliage

Selected samples of oven-dried plart tissue contaminated with fall-out materials wer»
treated with 0.1N HCI solution to study the solubility characteristics of fall-oui materials
adhering to plant foliage. The procedure consisted in suspending 0.5-g samples of plant tissue
in 19 mi of 0.1N HCI solutions after the samples had been radioassayed. The samples were
shaken intermittently for 20 min and then centrifuged for 15 min. The supernatant sclution was
filtered through a Schleicher and Schull membrane {ilter, after which the residue was resus-
pended in 0.1N HCl and the procedure repeated. The filtrate was evaporated in counting cups
uncer infrared lamps and radioassared. The residue was wet-ashed with concentrated HNO,
and HClQ,, transferred to counting cups in 0.1N HNO, solutions, evaporated to dryness, .nd
radioassayed. To determine self-absorption correction factors, 0.5-g samples of the sime
plant materials from which samples treated with kydrochloric acid solutions had been caken
were wet-ashed and radioassayed. Decay ~orrection factors were determined from rudio-
assay of 0.5-g samples of un ,eated bulk plant tissue.

2.2.5 Determination of Piant Uptake of Radiocactive Materials from Fall-out-contaminated
Organic Matter Incorporated into Tujunga Soil

Subsequent to fall-out from Apple II shot, one small flat of clover from each contaminated
sampiing station was covered with heavy wrapping paper and returned to the Eavironmental
Radiation Division greenhouse at UCL/ where the exposed plant material wa's incorporated
into uncontaminated soil 1n a manner simulating the practice of green manur.ng of foliage
crops. The procedure consisted in inverting the flats of contaminated sotl and plart materials
onto flats containing a 3-in layer of uncontaminated Tujunga soil. One-hal. of the soil o the
flats prepared in this manne r was seeded to wheat; clover seedliings were transp’anted inte
the remainder of the soi)

Selected samples of pian? follage exposed (o fall-out materials were oven-dried, ground
through a 40 -mesh screen, and incorporated into encontaminated Tujunga soil, which was then
pranted with wheat to measure the uptake of {ail-out materials from ihis source of contamina-
tion. This process stmulated the farm-management practice of returning the plant residues
to 301l 1n order to increase ity oryante-matter content and tmprove its physical structure

2246 Determunation of Pla: * Uptake of Radioactive Materials from Tujunga Soil
Exposed Directly to Fall-out

T, measure the influence of cover crops i reductng the amount of fali-out reaching the
soi} surfaces, 1-sq it areas of Tujunyga soil Lpproximately t i deep) were taken from the
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surface of small clover flats exposed to fall-out materials after they had been harvested on
D-day. Similarly, 1-8q ft areas of soil were taken from the native Nevada soil adjacent to the
flats. These samples were compare ' using radioassay methods discussed in Sec. 2.2.1.

After fall-out had occurred and the exposcd plant materials were harvested, all large soil
{lats were covered with heavy Kraft wrapping paper to reduce cross contamination during
trangport, and then they were removed from the field to the laboratory at UCLA. The wheat
and clover flats were replanted to the same crops to measure differences in uptake of radio-
active fall-out materiais frori bare soil exposed to fall-out and from s0il that supported a
crop during exposure to fall-out.

2.3 ANIMAL EXPERIMENTS

2.3.1 Collection ~f Native Animals

The choice of native study animals was determined by their abundance, vear-round availa-
biiity, easc of sampling, and their being of mammalian types. Rodents werc collected using
metal treadle-type traps baited with rolled oats and placed 50 to 100 ft apart along transects
running through contaminated sampling areas. Some larger animals (jack rabbits, Vit foxes,
and bobcats) were collected along trap lines using single- and double-spring jump traps baited
with fox and cat scent. Small jump traps placed on the top of poles were effective in collecting
small hawks. Generally, rabbits were collected with .22-caliber rifles, either at rnight with
the aid of a spotlight or in the early morning.

Jack rabbits and some small rodents were obtained prior to fall-out to serve as background
vontrols for samples collected after exposure to fall-cut materials. Data were recorded re-
garding trap yield, species involved, environmental description of sampling area, and routine
monitoring. Trapping and collecting of exposed animals usually began 12 hr postshot. Usnally
by D+1 day the actual midline of fall-out had been defined. When this midline did not coincide
with areas already sampled on D-day, the collecuing procedure was repeated along the true
midline of fall-out at various distances from GZ. Live animals were sacrificed by placing them
in a dry-ice (CO,) chamber. Frozen specimens, individually sealed in plastic bags, were shipped
by air freight to the UCLA laboratory for detailed autopsy and radioassay.

2.3.2 Serial Sampling of Native Animals

Serial samiples of native animals were taken in an area heavily contaminated with fail-out
by Apple I shot, 12 niiles from GZ. Samples were collected intermittently through the fifteenth
day postshot to study the persistence of radioactive material in a population of animals living
in an environment contaminated by radioactive fali-out.

In October and Movember 1955, a radiological resurvey was made of the area adjacent to
NT¢. The objectives were (1) to demonstrate the effect of rirne upon the biological accumula-
tron of fission products ‘rom radioactive fali-out and (21 to defirie more clearly the nature of
residual fall -out contamination. By routine beta-gamma monitoring methods, using a Nuclear
moudel 26104 G-M survey meter, it was possible to define a midiine of residual fall-out extend-
mg from NTS to Grand Junction, Colorado, 417 n.les distant. The midline was strongly i .-
fluenced by the {all-out pattore of Met shot, Jlthougt several other shots were known te nave
contributed in much lesser amounts to the residual contamination at some locations. A similar

adhine of residual fall-out was established {rom NTS to Steptoe, Nevada, 155 miles distant
This midiine was strongly influenced by the {all-out pattern of Apple 1l shot.

During the resurvey, soil, piant, and animal samples were taken from the midline of re-
sidual contamination ard from various study areas previousiy established by the bnvironmentai
Hadiation Diviston, Department of Ruciear Medicine and Radiation: Biology, UCLA?

233 Iahalation Studies on Native and Domestic Antidls

Live native rodents, ollected from uncontaminated areas prior to the scheduled detona-
tiong of Met and Appie U shots, were held in hardware cloth cages at predetermined samplhing

stations 7 mdos {from G4 This was done to determine the availability of fall-out materials to
the animals primarily through innalation processes during the time of {fall-out
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In addition to the inhalation studies® carried out under Project 37.3, Dutch-breed domestic
rabbits were placed at predetermined sampling stations across the path of fall-cut from Met
and Apple I shots at distances of 7, 48, and 106 miles from GZ. At approximately H-4 hr,
three animals were placed at each sampling station in exposure boxes (as shown in Fig. 2.2)
that were designed to hold the animals in such a way thac only their heads were exposed. Con-
trol snimals were sacrificed at this time. Three sampling stations were set up on the 7-mile
arc; six were set up on the 48-mile arc; and three were set up on the 108-mile arc. At fall-
out time plus 4 hr, three rabbits on each arc not previously exposed to [all-out were introduced
into the study area at the sampling station which had the highest concentration of radioactive
contamination. An additional control rabhbit was sacrificed at this time, in addition to the three
rabbits which were exposed to fall-out materials during the first 4 hr. All remaining animals
were exposed for an additional 4 to 6 hr before they were sacrificed.

2.3.4 Laboratory Processing of Animals

In the Environmental Radiation Division laboratory at UCLA, the frozen animal specimens
were thawed and autopsied. Small rocdents were dipped in hot paraffin and beeswax, which
satisfactorily sealed the fur and minimized the posasibility of contaminating internal organs
with radioactive fall-out material from the pelt. Rabbits were carefully skinned, and their
carcasses were thoroughly washed with running tap water before further autopsy was per-
formed. The levels and types of radiation found in different organs ofteu necessitated the use
of more than one organ of a given type to provide sufficient amounts of tigssue ash for a sig-
nificanri radioassay, i.e., two to four livers, or two to four femurs, etc. Where numerous
specimens were available, enough groups of animals were used to ensure the obtaining of a
representative sample from each sampling area. In many cases, no more than one specimen
of a given species could be obtained {rom a sampling area, which, of necessity, limited the
reliability of the data from that area.

Routine tissue samples consisted of lung, gastrointestinal (GI) tract or caecum, liver,
kidney, femur, the muscle associated with the femur, and the thyroid. In selected cases, other
organs were also sampled (i.e., mammary tissue, fetus, spleen, and bladder).

The ignition method was chosen as the routine procedure for reducing the tissue samples
since, under existing laboratory facilities, this method permitted the handling of larger masses
«f tissues and of more individual samples in a shorter period of time.? Tissues were placed
in pyrex beakers, dried in a forced-draft oven at 150°C, and then placed in a muffle furnace.
The samples were preheated at 350°C until fuming “egan; the fumes were ignited, and the final
furnace temperature was set at 480°C for 8 to 12 hr for soft tissues. Bones were ignited at
700°C for 2 to 4 hr. A flow of oxygen was supplied to the furnace during this period of time to
ensure complete combustion After cooling, the sample ash was pulverized in the beakers,
weighed, transferred to 1-in.-diameter nickel-steel counting cups, and the radicactivity was
determined using a mica end-window G-M tube having a thickness of 1.7 mg/cm?. The observed
counts were corrected for instrument geometry using a radium D+ E reference standard. Self-
absorption corrections were not made unless otherwise noted.

With the exception of thyroid contamination, the radioactivity in tissues had the character-
istics of a complex mixture of {ission products. Approximate extrapolation {or decay was
made according to the mixed-fis=ion-product dec ty function (t"''?). It is recosnized that use
of the theoretical mixed-fission-product decay function for correcting animal data included in
this report may introduce some errors where tissues absorb fission products selectively .t

The thy roid was macerated in 4 stainléza-stee!l counting cup and covered vith a sodium
thiosulfate solution to [ix the lodine present. alter which the preparation was gently dried and
counted as described previously Decay corrections {or thyroid were made using the decay
constant for 1'%

235 Isotopic ldentiftcation

During the test serizs it was possible to identify tentatively more than one radioisotope of
iodine in the thyroid of native animals sampied from fall Hut-contaminated environments. The
resolution of the various isotopes of jodine contributing to the thyroid tissue dose was done Ly
radiation-energy and half-life determinations {ro... samples of thyroid tisscve.
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Radiostrontium determinations on bone samples were made from three aliquots of bone
ash using a fuming nitric acid procedure® to precipitate Sr*NO,. Total strontium activity,
detected with an Anton type G-M tube, was corrected according to the percentage of recovery
of both the stable strontium in bone (0.088 per ceni of bone ash) and the amount of Sr*? carrier
used for the separation. (The percentage of recovery was determined gravimetrically.) The
content of Sr* as compared to Sr® was estimated by analysis of the growth curves as Sr*
decayed to an equilibrium state with Y™ and Sr* decayed to the relatively stable Y®'.
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Chapter 3

RESULTS

Data pertaining to the uptake of fission products by animals exposed to radiocactive fall-out
have been reviewed in Chap. 1. To describe further the biological accumulation in terms of the
physical characteristics of fall-out at varying distances from G2, certain inherent limitations
weic placed on the collection of data. To obtain the best correlation between physical measure-
ments and biclogical uptake, both kinds of data had to be obtained from the same location during
the same time interval. Further, to resolve the effect of fall-gut time (distance of the sampling
site from GZ), it was desirable to collect samples along the midline of fall-out to ensure the
maximum degree of contamination within any one pattern.

Fall-out patterns' from each detonation were delincated postshot by Project 37.2. Post-
fali-out samples of plants and animals were collected along the midiines of fall-out, in addition
to the soil samples used to characterize the fall-out activity and particle-size deposition. Data
from biological materials prelocated along the anticipated midline of fall-out were obtained for
Met and Appie 11 detonations and for the position of the sampling sites within the fall-out pat-
terns verified by postshot monitoring.

In sume cases, the desired number of animals could not be obtained at the midline loca-
tior, necessitating supplementation by collection from adjacent areas which were not so highly
contaminated. In other cases, the plant and animal species available at each loc aiity varied.
However, whenever passible, the same plant and animal species were collected from each
location at each distance along the midline of fali-out so that plant and animal data would be
comparable with respect to species, distance from GZ, and distance from the midline of fall-
out. Pertinent air-borne and particle-size distrivution data,' as determined ty Project 37.2,
are also presented.

3.1 PLANT AND SOIL EXPERIMENTS

3.1.1 External Coutamination of Plants and Soila by Fall-out Materials

Data for native plants and Nevada solls contamiunated by [all-out materials {rom Tesia,
Apple I Met, and Apple LI shots and for domestic plants contaminated by Apple II shot at vart-
ous distunces {rom GZ are given in Table 3.1. All data were corrected {or sa.aple and instru-
me.at backy. »iad, as well as {v. seif-absorption and decay, and were normaiized to H + 12 hr
In order to show relations between follage contamination and the fall-out particle-size ranges
thought to be of gres st blological siguificance, the radioactivity in the particie-size ranges
of less than 44 and 5 ,. .. iameter at each sampiing site are incli e, Pariicle-size ranges’
cccurring al any sampling s.(¢ were determined by mechanical analysis of soll sampless by
Project 37 2 The dsta in Table ! ! show a tendency for the radioactivity on the plant foliage
to correlale better with the leas than <4 .. fall-out particie size thun with the total fall-out
present

32




TABLE 3.1 —BETA ACTIVITY OF PLANT FOLIAGE AND SURFACE 8OIL CONTAMINATED
BY FALL-OUT MATERIALS FROM TESLA, APPLE I, MET, AND APPLE II SHOTS

AT VARIOUS DISTANCES FROM GZ (CORRECTED TO H+i2 HR)

Surface-soil activity,

Dis.ance from Plant activity

Distance from midline of .~ uc/ug f (dry basis),
Plant species?* GZ, miles fall-out, miles Total <44 <S54 muc/g

Tesia Shot
Atriplex conferiifoliat 12 0.1 4234 16.1 11.7 35.6
Yucca brevifolia 1.2 2710 54.5 46.0 13.8
Atriplex confertifolia 1.6 1882 75.9 . 16.7
Laryreat 60 0 202 37.8 18.5 83.4
Yucca brevifolia 18.8
Atriplex comferiifolia 79 0 8.2
Oryzopsis 183 36.8 2i.8 595
Larreat 82.9
Ceanothus gregiit 96 0 160 40.0 11.7 €3.8
Oryzopsis 556

Apple | 3hot
Chrysothamnus 13 1.5 1114 141 54.1 18.0
Artemisia spinescensy 1.5 1114 141 54.1 395
Artemisia spinescens 2.5 9117 95.7 48.5 200
Atriplex confertifolia 40 ¢.3 251
Ephedra 392
Atriplex confertifolia 40 1.0 303 76.9 44.7 315
Ephedra 303 76.9 44.7 408
Atriplex comfertifolia} 40 1.7 3117 110 93.6 261
Ephedra 1.7 7 110 93.6 idl
Artemisia spinescens 80 2,0 "3.5
Atriplex confertifoliag 114 28.8 12.7 57.8
Ephedra 10.5
Artemisia tnidentata 165 10.9 5.4 3.0 2.1 23.1
Jwuperus 20.8

Met Shot

Larreat 0 G 5541 274 2048 34469
Larrea 3.0 8.7 3.1 (LR 17.3
Larreat 38 .. A14 34.2 S48 492
Lepidium tremont:. 0.2 37K 32 244 1923
Ceanothus yregu 0.2 375 4.2 248 14
Larvea 1.2 $0.1 9.6 LI T
Ariemisia tridentatal 14U 1.5 100 4.4 24 288
Alfailn - 715 14.3 57 254
Artomesia tridentala ARY 8y 02 TR 44 137

Appie [} Shot
Red vinver : 24 P48 0.62 C.83 1% 4
Wheat 322
Broad-ieafl herb ranaden 15

tified)

Redt - 1over 7 06 2079 it I ] 129

Whiat 12
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TABLE 3.1 --(Continued)

Distance from

Surface-soil activity,

Plant activity

ks
Distance from midiine of — pc,sglt - (dry basis),
Plant species* GZ, miles fali-out, miles Tial <44y <S5y muc/g
Apple II Shot (Continued)

Red clovert 7 6.9 2475 23 12.9 123
Wheat{ 58.2
Sphaeralcea 55.4
Coleogvnel 72.7
Wheat 48 3.2 495 63.9 a9 349
Wheat 369
Artemisia spinescens 209
Atriplex confertijolia 70
Red clover{ 48 0.9 836 98.7 84.6 324
Wheat§ ' 381
Artemisia spinescenst 465
Atripiex conjertifoiia 125
Red clover 48 2.2 490 78.4 9.12 207
Wheat 151
Artemisia spinescens 189
Atriplex confertifolia 25.3
Red clover 48 5.2 108 13.1 4.78 77.8
Wheat 79.8
Artemisia spinescens 46.2
Atriplex confertifolia 81.4
Red clover 48 8.4 3.0 2,32 1.23 18.8
Whest 23.4
Artemisia spinescens 30.5
Chrysothamnus 5.98
Red clover 48 -1.2 20.0 303 2.01 28.9
Wheat 321
Ariemisia tridenicla 18.0
Chrysothamnus 2.33
Mixed native plantsy 108 0 227 25.3 18.0 251
Red clover 106 34.0 19.9 143 5.14 18.7
Whestt 36.1
Chrysothamnus 17.5
Red clover 106 38.0 1.2 16.8
“Theat 11.}
Atriplex confertifol.a 9.04
Red ciover 108 41.5 1.7 14.2
Wheat 12.8%

* For a description of the species, soe Takle 2.1.

t Ses Fig. 4.1.

t See Fig. 4.2.

§ See Fig. 4.3.

¥ See Fig. 4.4.
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The cegree of surface-soil contamination by fall -out from Apple II (Table 3.1) at a dis-
tance of 48 miles from GZ is representaiive of the variation found in soil contemination from
the midline of fall-out toward the edge of the fail-cut path. The width of the fall-out path at
any given distance from GZ and the degree of contamination across the path at any given dis-
tance from GZ varied considerably, depending in part upon the nature of the shot and, espe-
cially, upon the meteorological conditions associated with it. The degree of plant contamina-
tion correlated closely to the distribution of the less than 44-u fraction of fall-out at lateral
distances across the path of fall-out. The foliage ¢ different plant species from the same
location often retained different levels of activity per unit weight of plant material, presumably
because of the discontinuities in fall-out distribution rather than particular leaf characteristics
since plants of widely differing leaf morphology can be shown to have similar degrees of par-
ticulate contamination.

3.1.2 Fetention of Fall-out Materials on Plunt Foliage

A tynical distribution of fall-out particles retained on plant foliage is shown in Fig. 3.1,
which is a print of an autoradiogram exposed for 24 hr to (> mounted Sphaeraicec leaf sampies
shown in Fig. 3.2. This sample was collected at a distance of 20 miles frcm Met ghot GZ.

Data given in Tables 3.2 to 3.7 are representative of the nun:ber of particles per unit area
of leaf surface and the particle-size ranges of fall-out materials retained on leaves of plants
contaminated with fall-out from Turk, Ess, Apple I, Met, and Apple Il shots at various distances
from GZ. The particles retained by leaf surfaces were predominantly iess than 44 u in diame-
ter within the distances from GZ at which samples were collected.

On all shots the number of fall-out particles retained on leaves at any particular location
was highly variable; however, the particle-size range distribution was surprisingly uniform.
Appie I shot (Tab/e 3.3) had larger sized particies distributed at comparable distances from
GZ than the other shots. For Apple I shot, leaf surfaces retained particles ranging from 44 to
125 p In diameter. There was a noticeable lack of particles less than about 10 u in diameter
from this particular detonation. Plants exposed to Met shot fall -out (Table 3.4) were con-
taminated with a greater number of active particies per unit leaf area than were leaves ex-
posed to {all-out from the other shots studied. At 20 miles from GZ, the predominant particle
size retained on the leaves ranged from 22 to 88 4 in diameter; at 140 miles, the predominant
particle size ranged from 5 to 44 y, reflecting the shift in the particle-size spectrum with in-
creasing distance from GZ.!

For red clover exposed to Apple II ahot (Table 3.5), there was a noticeable decrease in
the number of particles retained per unit leaf area at greater lateral distances from the mid-
line of fall-out. This correlates well with the observation of decreasing activity lateral to the
midline shown in Tible 3.1. There was a very noticeable predominance of particies retained
in the cive ranges from O to 44 p in diameter. Native planis retained a few fall-out particles
as large as 350 u in diameter.

Leaf-retention data showed that this procedure had practical application for characteriz-
ing the coutamination of crops and forage by fali-out particies from a given nucleur detonation.
It is apparent from these data iat the degr« e of particulate fall-out contamination to plants is
dependent more upon fali-out distribution than plant morphology. There is strong evidence,
however, that plant foliage wiil tend to retain selectively particle-aize runges that are less
tagn 44 u in diameter, irrespective of the plant species involved or of the total size spectrip
of fall-cut deposited.

3.1.3 Decontamination of Plant Foliage

Data in Table J.8 show the effectiveness of distilled watez, 0.1N HC!, and 5 per cent
Versene (EDTA) solutions in removing radioactive materials {from the foliage of neveral dif-
ferent plant sp2cies exposed to fail-out from Met and Apple 1l shots. Radioactivity was readily
removad from smooth, {lat, waxy leal surfaces by each soluilon. On sticky resinous leat sur-
faces, the [ail-out materials were quite resistant tu removal by washings with distiiled water,
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Fig. 3.1 —Print of en autoradiogram exposed for 24 hr w fall-out particles retained on the
surface of the mounted Sphaevelcee Faves shown in Fig. 3.2.




Fig. 3.2 —Permanently mounted Sphesreicss laaf samples collected at s distance of 20 m/les
from Met shot GZ.,
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TABLE 3.2 —SIZE DISTRIBUTION OF FALL-OUT PARCICLES COLLECTED ON LEAVES OF
PLANTS* EXPOSED TO FALL-OUT FROM TURK AND ESS SHOTS

Ess Shot

Turk Shot -
A Anemone

A, tridentata  Brassica Viola (scale- A, spinescens
(matted hairs)t (rough)t (smooth)t like)t (matted hairs)t

Sampling site:

Distance .rom GZ, miles 15 15 15 12 12

Lateral distance to midline, miles 5.0 5.0 5.0 0.3 2.0
Total leaf area sampled, cm? 5.6 102 21.8 28 24
No. of active particles/cm? 26.3 26.0 172 11.9 22

Particle-size range (perceutage
of tota] observed), u:

<5 4.0 1.3 2.0 4.0 4.8
5-11 10.8 12.8 15.2 4.0 19.0
11-22 46.6 26.9 36.6 52.0 42.9
22-44 22.7 50.0 35.4 36.0 28.5
4488 14.6 6.4 8.0 4.0 4.8
88—-125 1.3 2.6 4.0 0.0 0.0
125-1717 0.0 0.0 0.0 0.0 0.0
177-250 0.0 0.0 0.3 0.0 0.0
>250 0.0 0.0 0.3 0.0 0.0
Total percentage of particies
<44 u 84.1 81.0 89.2 96.0 95.2

* For a description of the species, see Table 2.1.
t Description of leaf surface.

TABLE 3.3—SIZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON
LEAVES OF PLANTS* EXPOSED TO FALL-OUT FROM APPLE I SHOT

Eriogonum A Eringomum B A. tridenlata

Sphaeralcea Brassica (dense (dense (matted
(dense stel- (scale- Penstemon unbranched unbranched unbranched
l2te hairs)t like)t (smooth)t hairs)t hairs)t hairs)t
Sampling si‘e:
Distance from GZ, miles 12 12 12 80 80 140
Laterai distance to midiine,
miles 0.5 1.0 0.5 4.0 4.0 1.5
Total leaf area sampled,
cm? 34 78 98 92 308 80
No. of active particles/cm? 9.3 8.9 2.8 4.0 2.3 10.4
Particle-sizr range per-
centage of total
observed), u:
<$ 0.0 0.0 0.9 0.0 0.0 0.0
5-11 0.0 0.0 0.0 0.0 0.0 0.0
11- 22 9.2 0.0 A2 0.0 0.0 15.2
22 44 18.1 6.0 22.8 0.0 0.0 66.8
44 -48 38.3 21.2 54.8 $0.0 44.4 18.2
88 -135 9.1 31.8 18.2 1.4 30.8 0.0
125177 0.0 34.9 0.0 21 .4 22.2 0.0
177 - 250 3712 10.6 0.0 7.2 2.8 0.0
» 250 0.0 1.3 3.2 0.0 0.0 0.0
Total perceatage of

particles <44 u 1) 0 5.8 0 0 84.8

* For a description of the species, see Table 2 1.
t Des ‘ription of leaf surface
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TABLE 3.4 —S8IZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON
LEAVES OF PLANTS* EXPOSED TO FALL-OUT FROM MET SHOT

Sphaeralcea Sphaeralcec

<44 4

10V

LER!

A}

9.8

100

Brassica (dense (dense Oryzopsis Alfal.  Alfalfag
Penstemon (scale- stellate stellate (sparse (sparses (sparse
(smooth)t like)t hairs;t nairs)t hairs)t  hairs)t hairs)t
Sampling site:
Distance from GZ, miles 20 20 20 140 140 140 140
Lateral distance to midline,
miles 0.0 0.0 0.0 3.0 3.0 2.0 2.0
Total leaf area sampled, cia? 420.0 110.8 116.8 320.8 48.8 86.2 76.0
No, of active particles/cm? 12.5 25.6 16.0 23.6 6.8 5.42 5.1
Particle-size range (per-
centage of total
observed), u:
<5 .- ~0 0.0 0.0 0.0 7.6 3.8
5-11 3.4 17.0 3.2 0.0 5.0 5.0 29.6
11-22 13.5 58.9 8.5 6.9 25.0 375 444
2244 32.5 25.4 14.8 20.7 80.0 32.8 22.2
44--83 35.9 16.4 35.1 344 15.0 18.0 0.0
88-125 7.9 1.8 21.3 17.2 2.0 0.u 0.0
125177 2,2 0.0 12.% 17.2 5.0 2.5 0.0
177 -250 2.2 0.9 1.1 3.6 0.0 0.0 0.0
> 250 1.2 0.0 2.2 0.0 0.0 0.0 0.0
Total pe~centage of particles
<44 p 50.6 81.3 27.6 27.8 890.0 82.5 100
* For a description of the species, see Tabie 2.1.
t Description of leaf surface.
t After 2 days of wind or dust storms, the alfalfa sample was ::ollected on )+ 3 days,
TABLE 3.£—SIZE DISTRIBUTION OF FALL-CVU'. PARTICLES COLLECTED ON
LEAVES OF CLOVER PLANTS EXPOSED TO " » _.L-CUT *ROM APPLE Il SHOT
Ladino v.over »lants fr rlocated soil flats exposed
to fall-out irough, with sczttered unbranched hairs)
Sampling site:
Distance {rom GZ, miles 7 48 48 48 48 48 10¢ 106
Lateral diatance to midline,
milea 0.8 0.8 2.2 5.7 8.4 11.2 38 41.5
Total leaf area sampled, cm!? 123.4 275.2 471 .4 291.0 255.8 145.2 180.6 128 4
No. of active particles/cm? 0.75 3.6 1.5 1.1 0.2 0.0 0.0 0.1
Part:-lo-size range (percentage
of total observed), u:
-3 9.1 19.6 s 0.0 0.0 0.0 0.0 0.0
5-11 63.6 23.9 2:.2 22.2 315 400 286 0.0
11-22 18.2 23.9 42.8 20.0 31,5 40,0 38,6 0.0
22- 44 9.1 AU 241 il.l 12.8 20.0 42.8 100
44 - 88 0.9 10.9 5.6 1a 125 0.0 0.0 0.0
88- 125 00 0.0 1.9 54 0.0 2.0 0.0 0.0
- 118 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
Total percentage of particies
L} 87,5 100 100




TABLEF 3.6 —8IZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON
LEAVES OF WHEAT PLANTS EXPOUED TO FALL-OUT FROM APPLE II 8HOT

Wheat plants from prelocated soil flats exposed to fall-out (long slender
leaves, with fairly regularly spaced rows of short hairs running
parallel to veina)

Sampling site:
Distance from GZ, miles 48 48 48 48 48 48 106 106 108
Lateral distance to midline,
miles 3.2 0.8 2.2 8.2 8.4 11.2 34 38 41.8
Total leaf area samplsd, cm!? 2644 1i9.8 1164 2100 2222 121.6 1248 1208 83.0
No. of active particien/cm? 3.4 ?1 1.0 0.2 0.7 5.4 0.1 0.3 0.05

Particle-size range (parcentage
of total observed) u:

<$ 0.3 22.5 32.3 12.6 0.0 0.0 0.0 0.0 0.0
5-11 11.8 35.0 38,7 33.0 20.0 28.8 0.6 0.0 50.0
11-22 80,0 22,8 19.4 33.3 66.0 42.8 2%.0 28.6 0.9
22-44 26.4 12,3 6.4 8.3 13.4 28.8 75.0 71.4 0.0
44 -88 8.8 7.6 3.2 12,5 6.6 0.0 0.0 0.0 30.0
- 88 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total percentage of purticles
<44 p f8.5 92,5 96.8 87.2 834 100 100 100 30

but the hydrochloric acid and Versene solutions removed them mcre readily. Leaves with
dense, hairy surfaces retained more of the fall-out materials tian the other types of leaZ sur-
faces treated with the washing solutions.

Data for the number cof fall-out particles retained on foliage after the washing treatments
indicated, as expected, that large-sized particles are removed more readily than smalil par-
ticles.

A comparison of samples of alfalfa foliage collected on D-day of Met shot from a cuiti-
vated field 140 miles from GZ with samples collected from the same location after 2 days
of strong winds showed that activity on the plant tissue was reduced 23 per cent, from 0.254
to 0.195 uc/g. These data are mean values of triplicate samples normalized to H+12 hr. The
soil activity at the sample location was 71.5 uc/sq ft at H+12 hr. As indicated in Table 3.4,
the associated shift in particle sizes retained on the leaves demonstrates the persistence of
particles less than 44 . in size.

3.1.4 Solubility of Fall-out Materials Retained on Plant Foliage

Data in Table 3.9 show the solubility ir 0.1N HC] of fall-out materials retainea on foliage
from several plant spacies exposed to Apple ], Met, and Apple II shots at various distances
from GZ. Solubility characteristics of alr-borne fali-out materials collected in iet impingers
and fall-out materials in the leas than 5-u soil particle-size fractions collected from the same
sampling locations are also included in Table 3.9. The ~.r-borne and soil particle-size solu-
bility characteristics' were determined by Project 37.2.

Data gshow that the solubility in 0.1N HCI of fall-out materials retained on plant [oliage at
various distances from GZ varied from 8 to 35 per cent, which was within the same order of
magnitude as that observed - ith the less than b-u soil {raction. The solubility in 0.1N HCI of
radioactive air-borne materials collected by jet impingers was from two to three times
greater than was the active fraction in 8oil and plant material. The type of plant material had
no significant influence on the solubilities of the fall-out materiais, nor was there evidence
from the plant data that solubility varied with respect to distance from GZ.

3.1.5 Plant Uptake of Radioactive Materials from Fall-out-contaminated Organic Matter
Incorperated in'o Tujunga Soil

Data in Table 3 10 show the availability of radioactive materials to red clover and wheat
forage from contaminated green- nanure materials incorporated into soil. Detectable amounts
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TABLE 3.7—SBIZE DATRIDUTION OF FALL-OUT PARTICLES CCLLECTED ON
LEAVES OF PLAKTS* EXPOSED TO FALL-OUT FROM AFPPLE 1l SHOT

Sphaevalcen Erodium Oenothera
(dense stel-  Nyctagimaceae (scattered (dense
iate haire)? (smooth)?t bairs)t hairs)y
Sampling site:
Distance from GZ, miles 7 7 48 48
Lateral distance to midiine,
miles 08 0.9 2.2 2.2
Total leaf ares sampled, cm’ 187.8 222.8 02.4 123.0
No. of active parti-lea/cm? 1.1 0.2 1.6 4.1

Particle-size range (percentage
of total observed), u:

<44 99.5 100 98.6 9.8
44 -88 0.5 0.0 0.7 0.8
88-125 9.0 0.0 0.0 0.0
125177 0.9 0.u 0.0 0.0
177-250 0.0 0.0 0.0 0.6
250 -297 0.0 0.0 L) 0.0
297 -350 2.0 0.0 0.0 0.4
> 350 0.0 0.0 0.7 1.4

Helianthus

Sphaeraicea A, trideniatu Sphaeralcea Aquilegia (haiss on

(denoe stel- (matted un - (dense ste) - (scale- veins and

late hairs)t  branched hairs)t  late hairs)t like)t at margins)t

Sampling site:
Distance from GZ, miles 48 48 106 106 108
Lateral distance to midline,
miles 5.2 11.2 M 4 38
Total leaf area sampled, cm? 116.0 26.2 86.0 332.6 208.6
No. of active particlea/cm! 2.4 1.3 0.5 9.4 0.3

Particle-size range (percentagt
of total observed), u:

<5 96.0 100 97.8 95.4 98.8
44--88 14 0.0 0.0 3.0 0.0
88125 1.8 0.0 0.0 0.8 0.0
128 -177 2.0 oW 0.0 0.8 0.0
177250 0.0 9.. 0.0 0.0 1.5
250 -297 0.0 0.0 2.2 2.0 0.0
297-350 0.4 0.0 0.0 9.0 0.0
>3350 0.4 0.0 6.0 0.0 c.0

¢ For a description of the ape 'les, see Table 2 1.
t Deacription of !eaf surface.

of radioactive materials weie available to the crop plants up to a period of about 1 year after
green-manure organic matter was exposed to fall-out and incorporated inlo the soil. The
amount of radioactivity remcved from the contaminated soil by successive croppings was less
than 0.1 per cent, particular y for soils contaminated with green manure that ha? been ex-
posed near GZ. Wheat 1emo 'ad more total activity than red clover, presumably because of
higher yields of wheat forage per unit soil area since the aciivity levels per gram of dry plant
‘issue were comparable for woth plant species.

An interesting observati »n made during this experiment wus the uptake of comparable
levels of activity by the crop ), irrespective of exposure distance fron GZ. and of concentra-
tion of tall-out materiais in the soil. Although the levels of radioactivity taken up by the crop
plants were erratic among the different harvests, there wac a tendency for more consistent
uptake {rog: the soils contam nated with materials collected at greater distances laterally
from the niidline of fall-out 1nd at greater distances from GZ. At these locatiuns the radio-
active contamination was pre Jominantly in the less than 44-. particle-gize range. Results of
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TABLE 3.8 —DECONTAMINATION OF PLANT FOLIAGE EXPOSED TO FALL-OUT
FROM MET AND APPLE Il SHOTS BY WASHING WITH DISTILLED WATER,
0.1N HCI, AND VERSENE (EDTA SG..UTIONS)

Distance at which

~ample was exposed Total activity No. of fall-out particles
to fall-out removed by retained on folisge after
e vion :m shing treatments, %‘ ) washing treatments _
from from Dist. 0.IN 5% Un- Dist, 0.1N 5%
Plant species* GZ midline H;O HCl Versene treated H,0 H’l Versene
Met Shot
Larrea 20 0 48.1 65.7 67.0
Lepidium fremontii 58 0.2 81.2 89.8 95.1 287 210 124 72
Artemigia lridentata 140 0 36.4 48.8 54.1 372 308 204 150
Apple II Shot
Coleogyne 7 0.8 61.8 82.1 72.3 92 38 6 22
Broad-~leaf annual 7 2.4 97.8 98.5 93.7 6 2 2 0
Arlemisia spineccens 48 2.2 68.5 83.5 83.4 184 60 40 58
Atriplex confes tifolic 48 2.2 58.8 81.5 83.1
Wheat 48 2.2 81.6 90.3 80.¢ 238 58 28 46
Artemisia tridentata 48 8.4 66.9 80,5 85.6
Chrysothcmnus 48 8.4 2.4 71.3 90.4 38 18 22 4
Atriplex corfertifolia 106 38 73.8 745 78.9
Chrysothamnus 106 34 59.5 74,2 89.1

* For 8 description of the species, sec Table 2.1,

TABLE 3.9 —SOLUBILITY IN 0.1N HCl OF FALL-OU™ MATERIALS RETAINED ON
PLANT FOLIAGE AT VARIOUS DISTANCES FKOM CZ

Distance from Total activity

1
Distanc: from midline of ) goluble in 2 N HCI, %
Plant species® GZ, miles fall-out, miles Plant Air-borne <5-u 8oil
Apple I Shot
Artemisia 12 1.5 20.1 27.9
Ephedra 40 1.7 26.6
Ephedra 80 2.0 14.6 20.1
Juniperus 165 10.0 32.1 14.6
Met Shot
Larrea 2i 0 28.2 2 L.
Larveu LR 0.2 LRV 87.1 19.4
Alfalfa 140 2.0 14.1 41.0 18,7
Appie 11 Shot
Wheat 7 2.4 19.2 T4 .4
Wheat 40 6.9 17.3 6.0 LN |
-

Wheat 104 23.0 34

T4.8 207

* For a descrption of the spezivs, see Table 2.1,
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TABLE 3.10---UPTAKE OF RADIOQACTIVE MATERIALS BY RED CLOVER AND WHEAT
FORAGE GROWN ON TUJUNGA 80IL CONTAMINATED WITH CLOVER FORAGE
AND SCIL EXPOSED TO FALL-OUT FROM AFPLE II SHOT*

Distance at which
contaminants were Total activity (muc) for each harvest from 1 sq ft of
axposed to fall-out contaminated soflt at the indicated time of harvest

Applied activity (days after fall-out)

iﬂﬂn from Miles from (H+12 br),

Gz midline uc/eq ft D+64 D+107 D+133 D+239 D+302 D+330 D» 387 D+386
Red Clover
7 0.6E 2162.37 0029 0149 N8 NS 0,043 N8 NS NS
0.9W 4857.87  0.022 NS NS N8  0.048 0.039 NS 0,043
48 0.8E 37266  0.038 0.011 N8  0.017 0.067 N8 N8 NS
3.2w 320.42 NS 0084 NS NS N8 NS 0080 NS
5.2W 7446 0006 00068 NS NS N8 NS NS N8
8.4W 74.50 0033 0023 NS N8  0.047 0.003 0.028 N8
11.2W 13.75  0.029 0.041 NS 0.016 0.102 0.006 0.086 NS
106 34.0W 12.34 NS NS NS 0017 0038 NS N8 NS
38.0W 290 0031 NS 0010 0.030 NS NS NS N8
AL.6W 2.95  0.019 0135 0029 0.025 0079 NS NS 0.007
Wheat
7 0.6E 2162.37 0.071 0.049  0.049 NS
0.9W 4857.87 0..i7 0.081 Ns 0.087
48 0.8E 37266 0114 NH NS NS NH NH N8 NH
2.2W 32042 0.299 NH NS NS NH NH NS NH
5.2W 7446 0184 NH NS NS NH NH NS NH
8.4W 7450 0179 NH 0.079 NS NI NH N8 NH
11.2w 18.75  0.097 NH NS NS NH NH NS NH
108 4.0W 12.34 NS NS  0.005 N8
38.0W 2.90  0.009 NS 0.009 NS
a.5w 2,95  0.37 NS NS N8

¢ Plant sample and instrument background readings Jeducted.
7 Subsequent harvests at D+ 424 and D+ 486 days showed no detectable uptake of radicactive materiais.
NS, activity not significantly above normal . .ant background; NH, no harvest.

this experiment indicated that, up to 1 year after fall-out, detectable amounts of radioactive
materials may be available to s.ccessive crops grown on soils in which cover crops exposed
to fall-out materials have been turned under for green manure. Successive cropping would not
appear to b an efficient method for removing ra ‘ioactive materials from soil that raight be-
come contaminated in this manner.

In order to assess the availability to plants of radioactive materials that might be in-
corporated into soils in the form of contaminated, dry, organic crop residues, native piant
materials exposed to {all-out from Met and Apple II shots at various distances {rom GZ were
wmcorporated into pots of Tujunga so!l. Data for uptake of radicactive materials by wheat for-
4ge grown on these pots are given ir Table 3.11. Results normalized to D+ 128 days show that
radioactive materials were available to the crop; however, with the exception of one treatment
the amount of total activity removed {rom the s0il was lees than 0 65 per -ent. For Met shot,
the activity levels taken up by wheat forage were inverseiy correlated with the total activity
leve! present in the soil. With one exception, a greater perceniage of the total activity added
1o the =oil was removed fromn pols contaminated with plant reaiduens exposed to Apple il shot
than to Met shot. This would indicate a higher degree of availabiiity of radioactive matevials
from Apple U fall-out materials since the crop yield levels wrre comparable between the two
tredtments.

.

3 1.6 Plant Uptake of Radioactive Materiais from Tujunga Soil Exposed Directly to Fall-out

This experiment was designed to vhserve the influence of red clover and wheat cover cro;
in reductig the amount of tall-out materials deponsited on the soi) surface and the subsequent
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TABLE 3.1 —UPTAKE OF RADIOACTIVE MATERIALS BY WHEAT FORAGE GROWN ON
TCIUNGA SOIL CONTAMINATED WITH NATIVE PLANT MATERIAL EXPOSED TO
FALL~-OUT FROM MET AND APPLE Ii S8HCTS AT VARIOUS DISTANCES FROM GZ*

Total activity removed

Expoaure site of Total activity f .ontaminated soil
Kind of native contarainated added to 500 g x;)om :ont fm nated 8o
plant material plant materiai, of Tujunga soll, y wheat orage cr? P
added to soil miles from G2 muc muc %
Met Shot

Larrea 20 17.6 0.009 0.05
Lepidium 58 10.9 0.011 0.11
Artemisia 140 3.5 0.023 0.55

Appie I Shot

Sphaeralcea 7 1.5 0.037 2.46
Artemisia 48 4.4 0.003 0.06
Atriplex 106 6.3 0.01° .28

* Data are mean velues of three replicates normalized to D+ 126 days. Each replicate con-
tained 15 g of contaminated plant material mixed with 500 g of Tujunga svil. Control treatments
were derived from the same kinds of plan® materis! not contaminated with fall-out. Control
values and plant and lustrument background readings are deducted.

availability of these raaioactive materials to crops grown on these soils. The data given in
Table 3.12 show the location of clover flats in the fall-out pattern when the flats were exposed
directly to fali-out, the activity levels deposited on the surface of soil with a cover crop and on
s0il without a cover crop, and the amount of rudioactive materiais removed from these soils
by succesaive cuttings of red clover, a centinuous cropping period of D+486 days. Table 3.13
shows the same data for one crop of wheat harvested 65 days after exposure of sou !9 fall-out.

Results indicate that the cover crop growing on the soil reduced the fall-out deposited cn
the soil surface to about one-half of the activity level on the surface of s0il exposed withcut a
cover crop at distances of 10”2 and 48 miles from GZ. Generally, the cuttings of clover re-
moved less than 0.1 per cent of the total activily deposited on the soil surface st each harvest
The higher leveis of activity removed by red clover at the D+41- end D+ 70-day harvests from
soil on which clover was growing at the time of exposure to fall-out were attributed ma‘-'y to
an increased crop yield from this soil. This increase in crop y1eld was also accompanied dy
an increased activity per unit weight of dry tissue. No aprarent difference in uptake was ob-
served after 95 days, at which time the cutting yields were again comparable f{or tae two soil
treatments. No detectable activity above normil plant background was observed in clover
cuttings grown after avout 400 days following full-out. A wheat crop grown from a new seeding
after {all-out contamination showed no apparen: cifference in the levels of activity removed
from the two s0.! treatments by cumparable crop yieids (Table 3.13).

It was not possible to draw conclusions from these data relative to the screening influence
of cover crops on tho avaijability of radioactive materials to subsequent croppings of ccn-
taminated sotl. The levels of activity taken up by the crops were very low (less than twice
normal plant background), and they were estremely erratic. On the basis of the degree of soil
rontamination, there are indications that relatively more uptake occurred from soils ex >sed
a* qreater distances from GZ and at greater lateral distances irom the midline of fall-out It
is apparent from these data that small amcunts of radioactive materia! wiil be available to
successive crop plants [rom contaminated sotl for &t least | year after expogure to (all-out.
No appreciable amount of radioactivity taken up by wheat lorage was translocated to the grain.
It wimid appesr tha! levels of contamination frain fall- out materials of the type produced from
Apple Li shot are necessary before crop plante will take up 2ppreciable aumounts of radio-
activity. Intensive crogping 12 not an efficient means | removing fall-oui contamination {rom
30ils.
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TABLE 3.12-—~UPTAKE OF RADIOACTIVE MATERIA] " RED CLOVER GFOWN ON TUJUNGA SOIL
EXPOSED DIRECTLY TO FALL ROM APPLE 11 SHOT*

Distance at which
noil was exposed Toial acti, ity (muc) for each harvest from 1 oq It
to fall-out Sofl activity of contaminated solit at the indicated time of
‘Miles from ailes from (H+12br), _ harvest (daya attor fali-out) .
Gz midline uc/eq ft De4l D+70 D+95 D+107 D+133 D+231 D+302 D+330 D+387

Clover Giv>ing on 8oil at Time of Pall-out

7 2.4E 27.3 0.044 0.072 N8 NS ot NS N8 NS N8
0.6E 1033.0 0.096 0.174 0.007 NS NS N8 0.12¢  0.009 s
0.9W 33440 0.119 0.089 NS N8 NS N8 0.081 N8 0.012
48 3.2E 201.0 0.23* 0.284 0.113 0.033 0.088 0.043 N8
0.3E 504.0 0.222 0.183 0.624 ~8 0091 N8 0.038 N8 N8
2.2E 217.0 0088 0,50 N8 NS N3 N8 9 bt N8
§.2E 0.193 020 9.07 0.022 0084 N8 N8 N8 N8
J.4W 32.0 v.048 0.104 0.176 0.128 N8 N8 N8 0.05° N8
11.2wW 8.0 0,087 0.051 0.157 0.157 0.028 Ng NE 0.02¢ NS
104 34.0W 8.2 0.987 0.068 0.113 NS N8 Ny NS N8 N8
38.0w 1.9 N8 N8 N3 NS N8 N8 N3 N8 NS
41.5W 9.023 NS NS N8 N8 NS NS N8 N8

Ciover Cutting Harvested Just Refore Exposure to Fall-out

1 24E 4.5 0.058 0.042 0.095 N8 0033 NS NS N8 NS
G.6E 2070.1 0.008 0.038 0.088 9.034 NS N8 N8 0.017 N8
0.5W 24.8.5 0.005 0.013 0.12Y 0.07} NS NS N8 N8 N8

48 3.2E 495.9 0.030 0.03¢ 0.009 0.08) 0081 NS 0.022 0.047 N8

h 0.8E 846.6 0.063 0.110 0.039 0.043 0.133 N3 0.022 0.032 N8
2.2wW 490.1 0.090 0.058 0.11C 0.022 N8 N8 NS NS N8
§5.2wW 108.7 0.026 0.077 0.048 0.043 0028 NS N8 NS NS
8.4W .0 0.032 0.085 0.085 0.043 0061 NS N8 0.00¢ N8

11.2w 20.0 0.027 0.054 0.084 0.03) NS NS N8 0.038 NE
106 4.0W 19.9 NS NS 0.044 N8 NS N8 N8 N3 N8
38.0W 1.2 0.004 N8B 0.050 N8 NB NS NS N8 N8
41.5W 1.7 0,003 N8 0,012 N8 NS NS NS NS

¢ Plant sample and instrument background readings deducted.
t Traces of activity were detected in 1)+ 388 -day harvest; no detectable activity in D+ $24 or D + 488 daye.
NS, activity not significantiy above normal plant background.

3.2 ANIMAL SAMPLING AND EXPERIMENTS

3.2.1 Tissue-reference Values (Pre-Teapot)

Table 3.14 1s a summary of the levels of beta activity in tissues of native animals sampied
from a nu-aber of areas adjacent to NTS approximateiy 1 month prior to the initiation of the
test det2nations. The values reportel will be considered normal animal background prior to
Operation Teapot. Luia nirained {rute samples coliected during the test series were required
to reflect levels of twice these tissuc-reference values in order t¢ ' conzidered significant
or attributable specifically to Operation Teapot

3.2.2 Contamination of Native Animsals Exposed to Fall-out Materials

Tables 3.1%5 to 3 .19, inclusive, sumnmarize the occ:rrence of fisaion products {a tissues of
animals sampled {rom within specific {all-out patterns &5 a function of the pusition of the
sampling site within the fall-out pattern Activities in all tissues ex ey thyroid were ror-
rected for radioactive decay to the time of sacrifice using the mixed-{ission-produrt decay
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TABLE 3.13—UPTAKE OF RADIOACTIVE MATERIALS BY WHEAT GROWN ON
TUJUNCA 5011 EXPOSED DIRECTLY TO FALL-OUT FROM APPLE II SHOT*

Diswance at which soil was

Sojl activity Crop activity
1
—_ exposed 10 fall-out (E+12 hr), harvested at )+ 35 days
Miles from (3Z Miles from midline uc/sq ft from i sq {t of soil, muc

Wheat Crop Harvested Just Beiore Exposure to Fall-out

7 2.4L 57.4 0.426
0.6E 2070.1 0.293

0.9W 2475.5 0.179

48 3.2E 495.9 0.239
0.8E 646.6 0.318

2.2w 490.1 0.072

5.2wW 108.7 0.198

8.4W 34.0 0.177

11.2w 20.0 0.013

108 34.0W 19.9 0.321
38.0W 1.2 0.182

41.5W 1. 0.138

Whezt ¢ rop Growing on Soil When Exposed to Fall-out

7 2.4E 15.9 0.560

- 0.6E 1487.0 0.03¢

0.9W 2122.0 0.533

48 3.2E 201.0 0.221
0.8E 251.0 6.027

2.2W 274.0 0.085

5.2w 50.1 0.542

8.4W 51.0 0.254

11.2w 9.0 0.025

195 34.6W 8.2 0.014
38.0W 6.4 0.367

41.5W 0.177

* Plant sample and instrument background readings deducted.

function (t71%). Tuyroid activity was corrected for radioactive decay using the I'*! decay ¢ a-
stant. In the case of selective abscintion of certain fissiin prouducts by different tissues, some
error may be introduced by using the mixed-fission-product decay function. However, com-
parisons of the observed radiocactive aecay of the lung, muscle, femar, and GI tract sampled
during a 2- to 4-week period fcllow.ng fall-out showed only slight deviation from the mixed -
fission-preduct decay function. During shorter time intervals after fall-out, greater deviations
may occur, however, limited data indicate that the error introduced wo'ild be less than a factor
of 2. The radioactive decay of liver and kidney, hovrever, was more rapid as it approachad 2
t~2-% decay slope. The observed decayc were too variable to permit the selection of a better
decay correctinn than the beta decay function of t™''2, The values repoted for liver and kiduey
are probably low by a factor of 2 to 4.

In reading this report, special care should be taken to note the relative time and location
from which each sample was obtained (Fig. 3.3). As an example, only those animals sarapled
a comparable distance from the midline of fall-out after similar exposure times to the fall-
out-contaminated environment can be used to examine the effect of the distance of the sampling
site frocm GZ, whereas data presented for a given species aerially sampled {rom the same
location over a pericd of time must be used to evaluate the biological persistence of radio-
activs fall-out.

Of special interest in Tesla samples (Table 3.15) is the relatively high thyroid activity in
the cottontail rabbit sampled to 65 miles from GZ, as ~ompared 1o the thyroid burden of jack
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TABLE 3.14 —AVERAGE BETA ACTIVITY IN TISJUES OF ANIMALS* SAMPLED FROM
AREAS ADJACEN ™ TO NTS IMMEDIATELY PRIOR TO OPERATION TEAFOT

Distance
from
Location Yucca Flat, Date — Fresh ﬂ”}w » 4/m/g .
(see Fig. 3.3) miles sampled (1355) Lung Liver Kidney Muscle Bone Caecum
Jack Rabbits
1 408W Feb. 4 2,38  2.27 2.80 3.30 4.80 12.5
Feb. 4 2.68 2,54 3.16 2.68 3.68 11.1
2 17NNE Feb. 7 2.26 2.27 3.25 2.56 6.59 16.¢
3 19NNE Feb. 7 2.44 2,92 .45 2.81 5.69
3 19NNE Feb. 7 210 247 2.88 3.10 546 17.3
4 19NNE Feb. 7 214  1.77 3.08 2.59 5.11 14.5
5 17NE Feb. 7 2,30 2.1 3.06 2.66 1.48
5 17NE Feb. 7 2.79  2.05 2.72 2.87 5.38 12.3
6 61NE Feb. 9 3.78 2.98 5.94 2.43 4.19 8.29
6 61NE Feb. 9 2.61 2.50 2.69 3.08 7.49 11.0
7 48N Feb. 7 2.24 2.38 3.84 2.568 6.51 8.52
8 17N Feb, 15 2.61 3.38 2.95 2.15 9.39 14.7
9 17N Feb. 17 2.67  3.30 2.54 2.60 6.98 38.2
10 44NE Feb. 14 2,55 2.32 2.53 3.02 1.70 9.20
10 44NE Feb. 14 2.00 2,38 2.56 2,65 2,15 12.0
10 44NE Feb. 14 2.60 2.56 2.31 3.54 1.98 11.1
10 44NE Feb. 14 1.93 1.84 2.66 3.03 3.32 9.87
10 44NE Feb. 14 2.0 2.4 2.07 2,36 3.19 11.9
11 NTS Feb. 28 235 2.24 2,32 2.28 1.42 15.7
12 45SE Feb, 28 2.26 3.40 3.78 2.32 5.78 25.9
26 miles west
of Ely, Nev, 140N Feb. 8 2.26 3.19 2.70 2.07 4.33 13.0
Average d/m/g 2.42 2.56 3.01 2.70 4.60 14.4
muc/g 0.001 0.001 0.001 0.001 0.002 0.007
Cottontail Rabbits
13 45SE Feb. 28 3.81 4,22 3.77 2,92 3.98 53.8
Feb, 14 3.36 3.39 5.56 3.37 11.92 111
Kit Fox
14 40SW Feb. 4 1.78 1.26 2.26 3.35 1.16 6.62%
. Feb. 4 213 1.74 2.15 3.27 1.95 3.08t
15 NTS Feb. 24 1.63 1.33 2,27 2.93 0.86 2.76%1
18 318 Feb. 24 1,78  1.99 2.58 2.78 2,20 4.57t
15 NTS Feb. 28 1.55 1.56 1.54 3.0 4.801
Average 1.75 1.57 2.16 3.06 1.54 4.37%
Bobcat
17 458E Feb. 4 1.25 1.81 1.82 2.75 2.421
Gray Fox
18 45SE Mar. 6 1.63 2.19 2.17 2.87 2.54 4.641
19 45SE Mar, 10 1.74 2.39 2.33 4.47 2.74 4.461

* Tissue-reference values for this period are also available for Peromyscus, Perognathus, Dipodomys,
Citellus, and Neotoma. Data suggest that these values are similar to those given for jack rabbits, therefore
they will so 2e consider<d in this report,

t These vialues are from tissue samples of the stomach,
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; TA®" ™ 3,15—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED
‘;':, ALONG " HE MIDLINE OF FALL-OUT FROM TESLA SHOT AT VARIOUS DISTANCES FROM GZ

Averuge actlvity extrapolated to time of sampling

Distance  Sarapling {wet-tissue basis), t muc/g

Animal No. of from GZ, time (days — _
species* animals miles  after shot) Lung Liver Kidney Muscle Femur Thyroid GI
D. microps 2 8.5 2 0.014 0.103 0.043 0.030 0.026 23.7 1.23
D. merriami 35 65 25 0.017 0.016 0,015 0,013 9.019 9.15 0.239
D, deserti 5 65 25 0.008 0.009 0,008 0.007 0.021 16.4 0.310
Citelius . 65 25 0.006 0.007 0004 0.009 0.013 2,71 0.593
D, merriami 41 a3 25 0.005 0.004 0,005 0,003 0.011 4.19  0.058
D, microps 27 23 25 6.006 0,011 0,007 0,003 0.013 12,0 0.063
P. formosus 4 93 25 0.008 0,009 0.002 0,008 0.020 13.8 0.045
L. californicus 1 8.5 1 0.078 0.090 0.087 0,104 0,054 19.2 1.19
L. californicus 3 113 25 0,011 0,006 0.009 0.004 0.019 9.52  0.368
Sylvilagus 1 65 D-day 1.07 9.340 0.414 0.494 0.222 110 51.3
1 65 25 0.031 0.026 0.015 0.006 2.043 33.4 0.470

* Genera: O = Dipodomys, P = Perognathus, and L = Lepus (see Sec. 2.1.3).
t Tisaue-reference values deducted (Table 3.14).

TABLE 3.16—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED
ALONG THE MIDLINE OF FALL~-OUT FROM APPLE 1 SHOT AT VARIOUS DISTANCES FROM GZ

Distance, . Average activity extrapolatsd to time of sampling
miles pling (wet-tissue basis),t muc/g

Animal No. of A time (hours _ AR S .

spec.es* animals GZ Midline after shot) Lung Liver Kidney Muscle Femur Thyroid GI
D. merriami’ ] 12 1.5 20 0.26 1.72 1.02 0.13 0.13 1.36 82,27
D. microps 1 1.5 20 0.05 0.74 0.22 0.14 0.17 2.86 19.21
L. californicus? 2 2.0 14 0.19 0.12 0.21 0.06 0.42 J.88 27.88
L. californicus 1 0.5 15 0.25 0.12 0.15 0.08 0.21 2.03 7.52
D, microps 3 40 1.0 76 0.05 0.22 0.12 0.05 0.15 L.65 1.45
P. formosus’ 1 1.0 76 0.32 0.21 0.17 0.16 0.63 4.87 J.46
L. californicus 1 63 0.5 54’ 0.07 0.01 0.13 0.06 0.01 19.4 15.55
L. californicus S 80 0.5 80 6.10 0.97 0.38 0.32 0.54 12.85 14.01
L. caiifornicus 2 0.5 84 0.06 0.98 .36 0.08 ¢.10 7.18 4.24
L. californicus 5 2.0 276 0.02 0.02 0.02 0.01 0.06 5.82 0.60
S. audubonit 2 2.0 50 0.13  0.07 0.15 €.05 0.05 13.9 3.713
D. microps 1 0.5 96 0.03 0.41 0.14 0.G4 0.20 11.8 2.47
P. formosus 1 0.5 96 0.03 0.04 0.07 0.03 0.04 16.1 0.43
L. californicus 1 92 2.0 72 0.08 0.03 0.10 0.04 ;42 0.90 0.26
P. maniculatus® 9 140 5.0 42 0.17 0,26 0.14 0.23 0.19 5.51 2.42
P. maniculalus 8 5.0 54 0.7%% 0.09 0.04 0.03 0.15 3.00 0.36
L. californicus 4 0.5 43 0.13 0.18 0.07 0.12 0.24 3.25 7.13
L. californicus 3 0.5 280 0.01 <001 <0.01 <¢,01 0.01 1.21 0.31
S. auduboni 1 0.5 42 0.81 90.21 0.1 9.03 0.09 7.31 2,52
L. californicus 6 166 10.0 43 0.0¢4 0.18 0.14 6.07 0.09 2.64 2.54
L. californicus 4 10.0 284 <v.01 <0.01 <6¢.01 <0,01 0.02 4.48 0.15

#Cenera: 1. Dipvdomys, 2. Lepus, . Perognaihus, 4. Syivilagus, und 5. Peromyscus {see Scc. 2.1.9).
1 Tissue-reference values deducted (Table 3.14).
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TABLE 3.17--AVERAGE BETA ACTIVITY I} TISSUES OF NATIVFE ANIMALS SAMPLED
ALONG THE MIDLINE OF FALL-OUT FROM MET SHOT AT VARIOUS DISTANCES FROM GZ

Distance, Average activity extrapolated to time of sampling
miles Sampling (wet-tissue basis),t muc/g
Anima; No. of time (hours . '
species* animais GZ Midline after shot) Lung Liver Kidney Muscle Femur Thyroid GI
D. mevriami! 5 20 0.0 54 1.29 1.54 1.55 0.43 2,84 94.8 389
N. lepida? $ 5.75 2.08 2.87 1.07 17,25 125.3 87.2
P. formosgus? 18 54 1.23 2,81 3.23 2,58 3,72 33.5 1324
O. torridust 1 2,33 160 1.29 1.80 21.04 1059 47.0
D. merriami 23 58 0.2 36 055 0491 9,01 0.49 0.65 203.8 35.3
D. deserti 2 36 .36 055 0.71 0.30 1.0¢  228,7 32.9
D. formosus 2 44 105 140 1,33 0.68 1.03 98.8 48.6
O. torridus 3 44 1.08 1.51 1.00 0.63 4.88 7323 66.3
C. lemcurus® 1 36 0.73 0.5 0.55 1.12 681 2223 64.7
L. califormicus® 4 140 3.0 34 0.55 0.44 0.87 0.02 0.88 97.2 26.8
L. californicus 1 1.5 60 0.53 0.53 0.80 0.02 0.72 81.0 66.3
D. microps 8 1.3 36 0.7 0.19 0.16 9.12 0.23 22,1 6.9
D. microps 1 1.3 72 0.62 0.07 G.09 0.03 0.19 10.2 1.7
D, vrdii 1 1.3 72 0,08 0.07 0.15 0.06 1.08 1.37 0.6
P parvus 9 13 36 0.21 0.33 0.19 0.88 0.70 28.0 9.4
P. parvus 1 1.3 72 0.04 0.23 0.05 0.06 0.03 21.6 7.3
R. megalutw«' 4 1.3 36 0.28 0.9 0.65 2.29 1.59 20.8 3z.9
R. megalutus Z 1.3 44 0.18 0.71 0.63 0.46 1.26 56.5 16.9
R. megalu‘us 10 i.3 72 0.08 031 0.23 0.19 0.88 46.9 8.3
P. maniculatus® 5 1.3 36 .44 0.69  0.59 0.28 2,75 92.5 19.4
P. maniculatus 3 1.3 44 0.2t 1.10 0.73 0.40 5.56 86.4 0.2
P. maniculatus 8 1.3 72 0.67 0.19 0.14 018 1.38 33.1 5.2
M. megacephalus® 3 1.3 72 0.08 0.14 0.07 0.25 1.01 12.8 4.4

“Genera: 1. Dipodomys, 2. Neotoma, 3. Perogmathus, +. Onychomys, 5. Citell:s, 6, Lepus, 7. Reithrodomn—
tomys, 8, Peromyscus. and 9. Microdipodops (see Sec. 2.1.3).
t Tissue-reference values deducted (Table 3.14).

TABLE 3.18—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED

ALONG THE MIDLINE OF FALL-OUT FROM APPLE II SHOT AT VARIOUS DISTANCES FROM GZ

Distances, Average activity extrapolated to time of sampling
miles Sampling {wet-tissue basis),t /|
Animal No. of time (hours e ¥ mue/g
species® animals GZ Midline sfter shot) Lung Liver Kidney Musacle Femur Thyroid GI
L. californicus 1 29 4 42 0.67 0.15 0.79 0.05 0.24 8.0 7.19
L. californicus 1 36 2 40 %17 0.1 0.14 0.07 6.23 $5.2 3.65
L. californicus 1 36 2 46 6.16 0.31 0,14 0.0¢ 3.23 37.9 8.38
L. califormicus 1 38 2 46 0,06 0,11 0.11 0.05 0.36 18.1 1.12
L. califormicus 1 38 1 40 0.20 0.38 0.45 0.27 2,30 4.7 14.9
L. californicus 1 38 0 11 9.07 0.08 0.10 0.03 0.47 13.5 5.94
C. latrans 1 36 1? 38 0,05 0.04 0.03 0.08 0.01 11.5 0.22
L. califorricus 1 45 1 42 0.0 034 0.34 0.14 0.38 98.4 15368
L. californicus 1 48 1.2 42 0.} 0.12 0.14 0.17 0.23 81.7 10.1
L. califormicus 1 48 6.2 42 0.34 0.28 0.45 0.94 3.87 181 26.5
L. californicus 1 48 5.8 41 9.11 0.13 0.i6 0.08 <0.27 389 92,7
L. californicus 1 48 5.8 40 0.31 0.83 0.44 0.1¢ 0.69 57.2 19.3
L. californicus 1 48 6.8 43 0.10 0.29 0.2} 9.08 0.29 48.2 1.53
D. microps 13 48 0.8 §6 0.02 0.02 0,02 0.02 0.29 40.3 7.47
P. parvus 1 160 0 51 0.13 0.28 0.48 0.46 0,39 123 17.8
P. formosus 2 190 0 51 0.31 0.57 0.17 0.72 13.9 349 28.1

* Genera: L = Lepus, C = Canis covote, D = Dipodomys, and P = Perogmathus (see Sec. 2.1.3).

i Tiseue-reforence values deducted (Table 0 .1a,.
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TABLE 3.19— AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED
ALONG I'HE MIDLINE OF FALL-OUT FROM SEVERAL SHOTS AT VARICUS DISTANCES FROM G2

Dis-ance, Average activity extrapolated to t!me of sampling
miles Sampling (wet-tissue basia), t muc/g
Animal No. of time (hours _ A ' .
species* animals GZ Midline after shot) Lung Liver Kidney Muscle Femur Thyroid GI
Turk Shot
L. californicus 1 11 0 15 1.10 0.26 0,58 0.52 0.50 0.88 443
Sylvilagus 1 i1 ¢ 230 0.74 1,87 1,36 0.15 1.4¢4¢ 3279 343
Bee Shot
P, longimembris 2 100 0 33 0.01 0,08 0,01 0.02 0.07 8.08 0,82
P. formosus 1 100 0 33 0.88 0.9 1.20 1.23 1.30 7.99 19.7
Ess Shot
D. mer riami 1 15 0 20 2.07 198 113 0.92 4.97 189 73.1%
D. merriami 1 3 0 24 409 2,35 3.08 3.52 34.0 141 143
L. californicus 1 30 2 10 1,87 1.06 1.87 .76 1.75 30.3 103
L. californicus 1 15 1.8 12 0.32 0.41 0.52 0.22 0.82 88.5 32.6
L. californicus 1 15 1.9 11 1.05 0.80 1.02 0.47 1.07 20.4 89.1
L. californicus 1 15 8 7 1.70 1.68 1.03 0.40 0.95 54.9 18.4
L. californicus 1 15 9.5 8 0.35 0.08 0.16 0.12 0.31 1.04 2,53
Post Shot
D. merriami 1 45 0 30 0 0.08 0.02 0.09 0.07 0.14 1.8
D. deserti ] 45 0 30 0.01 0.04 0.02 0.02 0.03 18.0 0.71
N, lepida 3 45 0 25 0.i% 0.09 0,09 0.05 0.17 4.0 0.61

* L = Lepus, P = Perognathus, D = Dipodomys, and N = Neotoma (see Sec, 2.1.3).
t Tissue-reference values deducted (Table 3.14).

TABLE 3.20—RELATIVE CONTRIBUTION OF RADIOACTIVE ISOTOPES OF 'ODINE TO THE
THYROID TISSUE DOSE OF NATIVE ANIMALS SAMPLED FROM FALL-OUT-CONTAMINATED AREAS

Sampling time

(hours after Total thyroid activity, %

Distance from Sampling time,

Shot  Animal species GZ, miles shot) mr/hr " ¥ Other
Turk  Bobcat 12 192 <90.5 10¢
Kangaroo rat 1 264 50 100
White-footed mouse 1 240 50 100
Apple Pocket mouse 20 30 7 90 3
Post Pocket mouse 6 27 12 12 88 Trace
Pocket mouse 6 27 12 9 91 Trace
Kangaroo rat 6 27 12 8 92 Trace
Kangaroo rat 6 27 12 9 31 Trace
Kangaroo rat 6 54 12 20 70 9.5
Ground squirrel 6 {4 12 23 70 7
Jack rabbit 7 63 5 3 68 Trace

e e o s e 4 s e .+
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rabbits and kangaroo rats sampied in the same and in adjacent areas. Also of interest is the
persistence of the thyroid burden, which, after 25 days, 13 still rougtly 30 per cent of the
burden measured o1 D-day, even though the activity is due to I'* with a radiological half life
of 8.04 days.

The levels of fall-out contamination were five to ten times lower for Apple shot than those
for Met shot (documented by Project 27.2). This was reflected in the activity of the tissues
from animals collected at various distances from GZ (Tables 3.106 and 3.17).

The biological accumulation of fission products as a result of contamination by the Apple
II detonaiion (Table 3.18) tended to be greater as the sampling site approached the midline of
fail-out. This phenomenon appears to be typical of all fall-out patterns. In the case of the
Apple II fall-out pattern, the variations that occur are partly attributable to the apparent lack
of a single well-cefined midiine of fall-cut at the distances studied.

Table 3.19 summarizes data collected by spot sampling following various Operation Tea-
pot detonations. Thyroid activity was detected in all cases, regardiess of what level of fall-
out occurred. Thus, the thyroid becomes & quslitative indicator as to whether or not biologi-
cally available {all-out is present during the first week or two following a detonation. Efforts
were made in the field laboratory to resolve the variour isotopes of radioiodine in the thyroid
by unalyres of the radioactive decay curves of thyroid tissue: these data are summarized in
Table 3.20.

Generally, the radioactivity found in the GI tract was markedly higher than that in the
lung at all time periods studied. High levels of activity were d~tected in the thyroid tissue.
Muscle tissue generally contained the lowest amount of radioactivity.

3.2.3 Serial Sampling of Native Animals from Fall-out-contaminated Environments

Table 3.21 summarizes the changing levels of fission products in a population of animals
collected daily for 7 days and again on the fifteenth day for an environment 12 miles from GZ
which was contaminated by radioactive fall-out from Apple II shot.

Although the levels of radioactivity were variable among the different species of animals,
measurable amounts of radiation persisted in the tissues for at least 2 weeks after fall-out.
In the case of the thyroid gland, the tissue burden actually increased during the 2-week sam-
pling period. The high activity levels of the GI tract (compared with those of the lung, in ad-
dition to the rapid decline in lung activity by D+4 days) suggest that inhalation is of secondary
importance to ingestion as a path of uptake of the metabolized fission products.

Table 3.22 shows the radioactivity in tissues of jack rabbits serially collected from cer-
tain areas contaminated by radioactive fall-out from Apple I and Met shots. Even 6 months
after contamination, tissue burdens of twice the normal value werc apparent, except in the
case of the lung and the GI tract. A striking example was bone, which, 6 months foliowing con-
taraination by Met shot, showed a tissue burden of almost six times the normal value.

The radioactivity in the bone is further documented, in terms of radiostrontium content,
in Table 3.23. It will be noted that, in the case of both Apple I and Met shots, the radiostron-
tium content of the bone tended (¢ increase with time, suggesting that the strontium burden of
the bone was the result of chronic exposure to residual fall-out rather than to a single ex-
posure at the time of fall-out. The occurrence of radiostrontium in the bones of animals col-
lected along the midline of severa) residuzl fall-out patterns from October to December 1955
is summarized in Table 3.24. Of particular interest is the high radiostrontium cuntent of the
bone at Enterprise, Utah, 133 miles from Met shot GZ; at Steptoe, Nevada, 155 miles from
Apple II shot GZ; and at Mormon Mesa, Nevada, 94 miles from Tesla shot GZ.

Because of the low level of radiostrontium, it was desii ible to report the data in Tables
3.23 and 3.24 in disintegrations per minute rather than in microcuries. Some error may be
anticipated since the data reported were prepa-.d at two different time intervals, October to
December 1955 and June to July 1858. Since analysis of radioactive deciy curves has revealed
the presence of varying amounts of Sr“, the length of time during which samples are stored
before processing, as well as the time at which samples are obtaired from. the field, can in-
fluence the relations described in Table 3.23. Such errors are not inherent in the data of
Table 3.24 since, in these cases, all analysis ard sampling were done during comparable time
intervals.
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3.2.4 Inhalation Studie:.

Dutch rabbits, prel )cated and exposed in restraining cages to various con: tions of the
initial fall-out of two dr tonations, have failed to yield definitive data as to whether or not in-
halation contributes significuntly to the total-body burden. Radioanalysis of the various tis-
sues of the experimental animals used for inhalation studies during Met and Apple II shots has
revealed radioactivity .ess than twice the level of the control series; thus it appears that in-
halation is of secondary imporiance to ingestion as a path of fission-product absorp‘ion.
These conclusions® were in agreement with data collected by Project 37.3.

It should be noted that, in terms of gross beta activity, the external contamination on the
skin and pelt of the animals has been observed to account for between 22 and 62 per cent of
the total beta radioactivity associated with the animal. In attempting to reconstruct the dy-
namics of fall-out assiriilation by animals, the skin as a source of fall-out material to
animals during preenin should not be overlooked.

TABLE 8.21 —AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SERIALLY
SAMPLED ALONG THE MIDLINE OF APPLE II SHOT FALL-OUT, 12 MIL:8 FROM GZ

Distance Average activity extrapolated to time of sampling
from Sampling (wet-tissue basis),? muc/g
Animal No ° midline, time (days _ asis), T my
species*® anit.a.s miles  afier shot) Lung Liver Kidney Muscle Femur Thyroid Gl
D. merriami! 1 0 D-day 0.26 1,72 1,03 0.23 n.12 14 8.2
D. microps 1 0 0.05 0.74 0.22 0.15 0,47 3.9 20.8
L. califormicus? 3 4.0 0.21 ¢6.16 0.19 0.07 0.35 1.3 211
L. califormicus 1 4.5 1 0.17 0.14 0.14 0.17 0.18 3.4 5.1
S, auduboni® 1 3.0 200 1,53 2,12 1.21 0.9 1224 28.1
P. longimembris* 5 0 0.29 1,82 1,13 1,33 1,08 39.6
C. leucurus® 1 0 0.1¢ 1.62 0.89 0.31 1.11 36.1 1.1
S. auduboni 1 2.5 2 0.28 0.15 0.33 0.28 2.10 38.6 1.5
D. microps 2 0 0.04 031 0.08 0.03 0.25 14,1 1.1
D. microps 6 0 3 0.12 0.47 0.27 0.08 0.33 171 3.7
L. rufust 1 0.5 c.14 0.28 0.17 0.10 0.34 1.8 8.2
D. microps 2 1.5 4 0.05 0.23 0.09 0.03 0.28 41.9 1.4
P. Iongimembdris 13 0 0.05 0.43 0.14 0.48 0.24 3.2
P. formosus 1 0 0.06 1,00 0.38 0.32 0.63 24.8 4.3
D. microps 1 0 5 0.07 0,30 0.12 0.04 0.14 418 8.7
P. longimembris 1 0 0 0.11 0.15 0.07 0.14 18,7 3.9
C. leucurus 2 ] 0.06 0.23 0.12 0.03 0.20 88,6 1.7
0. torridus' 1 0 0.07 0.14 0.13 0.13 0.50 7.1v 1.9
L. califormicus 1 0 6 0.05 0.12 0.12 0.03 0.21 628 5.8
S. auduboni 1 0.5 ¢.13 0.32 0.14 2.03 0.14 115 29
D. microps 1 0 0.11  0.13 0.09 0.01 ¢.11 273 0.7
P, longimembris 1 0 0 0 0 0 0 1.9
C. leucurus 1 0 0.04 0.07 0.05 0.04 e.18 98.2 0.7
P. maniculatus® 1 0 0,33 0.9 0.39 0.42 23,04 113.8 3.9
L, califormicus 1 2.5 is 0.02 0.07 0.05 0,01 0.14 3. 1.4
S. auduboni 1 2.0 0.11 o1 0.09 <0.01 0.10 29.8 1.0

*Genera: 1. Dipodemys, 2. Lepus, 3. Sylvilagus, 4. Perogwathus, 5. Citellus, 6. Lynx bobcat, 1. Onycho-
mys, and 8. Peroinyscus (see Sec, 2.1.3).
t Tissue-reference values deducted (Table 3.14),
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TABLE 3.22 —AVERAGE BETA ACTIVITY IN TISSUES OF JACK RABBITS SERIALLY COLLECTED
FROM SELECTED AREAS CONTAMINATED BY FALL-OUT FROM APPLE I AND MET SHOTS

Sampling time Average activity extrapolat.d to time of sampling

]
Distance from No. of (days after , for fresh ia‘sue, muc/g
GZ, miles animals shot) Lung Caecum Liver Kidney Muscle Bone
Apple Shot
63 1 2 0.074 15.6 0.158 0.136 0.064 0.146
2 230 0.001 0.003 0.003 0.004 0.004
80 4 2 0.116 16.5 0.817 0.067 0.385 0.639
2 3 0.061 4.35 0.990 0.055 0.376 0.103
5 1¢ 6.021 0.606 0.021 0.018 0.010 0.060
5 220 0.001 0.006 0.003 0.002 0.003 0.003
Met Shot
140 1 1 0.222 441 0.655 1.35 0.022 1.85
1 2 0.531 81.1 0.523 0.608 0.020 0,711
5 187 0.001 0.004 0.002 0.002 0.002 0.013
Average
‘‘normal”’

activityt 21 Preseries 0.001 0.007 0.001 0.001 0.001 0.002

*'Tigsue-reference vialues deducted (Table 3.14).
t See Table 3.14.

TABLE 3.23—AVERAGE RADIOSTRONTIUM IN FEMUR OF JACK RABBITS
SERIALLY COLLECTED FROM SELECTED AREAS CONTAMINATED BY
FALL-OUT FROM APPLE I AND MET SHOTS

Beta content of bone
(wet-tissue basis)

Distance Sampling ’

trom GZ, No. of time (days Total, Radiostrontium
miles samples after shoi) d/m/g d/m/g %
Apple Shot
63 1* 2 9.23 1.52 6.5
2t 230 10.3 2.68 22.1
80 5* 2 6.01 0.79
1 10 8.90 0.82 9.3
5t P 6.42 1.78 28.6
Met Shot
149 19 1 13.1 2.82 18.4
1 2 10.6 2.46 23.3

3t 187 29.9 12,12 40.2

® Date of analysis, June to July 1955.
t Date of analysis, October to December 1955,
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TABLE 3.24 —AVERAGE RADIOSTRONTIUM IN FEMUR OF JACK RABBITS
SAMFLED ALONG THE MIDLINE OF THREE RESIDUAL FALL-OUT
PATTERNS FOLLOWING OPERATION TEAPOT (OCTOBER-NOVEMBER 1955)

Description of sampling conditions

Relative dose ”

Beta content of bone (wet-tissue basis)

Miles from rate* at collection, No. of Total,t Radiostrontium}
GZ mr/hr animals d/m/g d/m/g %
Met Shot
44 1.1 3 12.0 2.56 21.3
83 0.42 3 18.7 4.20 29.8
133 0.33 10 29.6 12.1 40.8
176 0.19 3 11.5 4.05 35.2
199 0.09 6 171 5.50 32.1
232 0.07 3 12,0 5.40 45.0
417 0.08 3 13.8 2.67 19.3
Apple II and Turk Shots
5 5.5 2 10.8 45 32.8
20 0.4 4 134 2.62 19.5
106 0.13 3 7.0 $.62 80.2
130 0.11 3 6.1 4.11 67.3
155 9.4 3 12.5 4.58 36.6
Tesla and Apple 1 Shots

12 0.5 3 8.7 2.75 3.6
44 1.1 3 12,0 2.51 20.9
66 0.08 3 7.3 2.92 40.0
94 0.05 3 11.9 4.94 67.7
136 0.01 4 9.2 2.04 444

* Values above backg ound were determined by a Nuclear Model 2610A G-M survey meter, with
the window open, 1 in. from the ground.

t Tissue-reference values not deducted {se= S2c. 3.2.3).

$ Date of analyses, (*ctober to December 1955.
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Chapter 4

DISCUSSION

4.1 PLANT AND SOIL EXPERIMENTS

4.1.1 Foliage Retention of Fall-out Materials with Respe:t to Particle-size
Deposition, Distance from GZ and Midline of Fall-out, and Leaf-surface
Characteristics

Evidence that the predominant size of fall-out particles retained on plant foliage generally
ranged from 0 to 44 i in diameter suggested that the degree of foliage contamination might be
a function of the mechanical distribution of fal'-out particles of this size range in the fall-out
pattern. To demonstrate this v>lation, plant contamination, total soil contamination, and the
radioactivity contributed by the less than 44-u particle-size fraction were plotted with respect
to distance from GZ for Tesla, Apple I, M>t, and Apple Il shots (Figs. 4.1 to 4.4). The plotted
data are for nlants exhibiting similar leaf-surface morphology and for soil data collected from
the same locations at comparable distances from the midline of fall-out at each distance from
GZ.

The plots shcw the correlation between plant activity and the occurrence of the less than
44-u particle-size ‘raction near the midline of fall-out at increasing distances from GZ. For
Te:la and Apple II shots, there was less radioactivity in the small-sized fractions of fall-out
separated from the 80ii in proportion to the total suil contamination at distances less than 20
miles from GZ than for Apple I and Met she*s.

A comparison of the results obtainec from Met shot with those obtained from the other
shots suggests an influence of the particle size of the surface soil located at GZ on the size
ranges of fall -out particles distributed in the fall-out pattern and, in particular, at distances
close to GZ. Met shot was detonated on a Ary lake bed over soil consisting predominantly of
particles in the clay and silt size ranges. The other shots studied were detonated over soil
consisting of unconsolidated parent material of rock, sand, siit, and clay size fractions. This
predominance of small-sized particles at Met shot GZ is believed to account for the higher
levels of activity in the less than 44-u particle-size fall-out fraction at 20 miles from GZ than
the levels observed ior the other shots at comparable distances.!

Table 4.1 shows the ratios for the millimicrocurie leveis of plant activity per gram of
dry, native plant material and tho microcurie levels of fali -out activity contributed by parti-
cles less than 44 p in diameter for Tesla, Apple I, Met, and Apple II shots relative to distance
from GZ. Data for plants with similar leaf-surfuce characteristics collected near the midline
of fall-out were used for these calculations. Also, the assumption was made that the volume
per gram of dry piant material (and, consequently, the surfice area) was constant {or each
piknt 3pecies at various distances from GZ. Ths plant-activity and the leas *han 44-u soil-
fraction-activity ratioe were comparable at each sampling distance from GZ for each of the
shots sludied; however, the Met shot ratios were from six to signt times greater than those
for Tesla, Apple 1, and Apple Il shots. This greater ratic for Met ahot was attributed to the




10,000f" 30000
o o
< L
3 g
i TESLA .
b r
| .
u‘. -
[
L
°
ooou}- {00,
> ‘ ‘
g =]
o - .
s | { =
~ <
31 18
- -~
e <
(X -
2 | E
-
g | . TOTAL SOIL ) ',_.
§ >
-
q
100~ PLANT oo ,_
[ . — — d @
i «
o - -
a
- >
I «usurmcmﬂ
> ® L
[ J

A. A A s A A A A A B 0

° {0 40 €0 0 00 "0
DISTANCE FROM OROUND ZERO (MILES)

Fig. 4.1 =301 -plant 2ctivity relation with respect to dustance from GZ, Tesls shot,




APPLE A

10004— -:Hmo
“ -y
L2 | ]
\ -3
© L <
x
>. \
= | y
>
[

(&)

« o -
—

\\ TOTAL SOIL
100} — WO
- -1
- E
- -
i PLANT )
o -
. 1
I Ceay SOIL
FRACTION
- 1

d re e e - A, - A A A ol A w
-] 20 0 o0 0 00 a0

DISTANCE FROM GROUND ZERO (MILES)

Fig. 4.2 —Sotl-plant activity relation with respect to distance from GZ, Apple | shot

38

L4 La LR i L4 L] f§
Jg

MUC 7/ GRAM DRY WEIGHT

PLANT ACTIVITY,




MET %
L
3
W
&
~
- |
3 $
O
X “~
- Q
- X
> E
5 .
<. | 1 &
o TOTAL SOiL >
2 -
100h= 100 -
: :
-
9 -
g -
(44 )l SOIL FRACTION
O A A A A A A A A A A ’ 0
) 40 0 . | L a0 "o
DISTANCE FROM GROUND ZERO (MILES)
Fig. 4.0 Soil-plant activity relation with respect w distance from GZ, Met shot

59




pc/"z

SOIL ACTIVITY

5000 5000
Aud
S
@
1000} 4 F
>
x
o
500"‘ €
<
Q
a,
E
. >
e -
oL >
P4 . -
0ot 4, P NN 00 ©
/’- . /. L \.\' -.. \\ \\ -
/ 4 ot z
. ~ . N <
50t S NN Y —50 #
N NN\
s NN VeWHEAT
2y SN <44u S0IL
..' . ~\\\'o FRACTION
4 \L <54 SOIL
/ X FRACTION
/ RED CLOVER
[ ]
10 1 1 S G | L J B 1 1 1 10
i0 20 30 40 S50 60 70 80 90 100 WO 120 130

MILES FROM GROUND ZERO

Fig. 4.4—Soil-plant activity relatton witi regpect to distance from GZ, Apple Ul shot.




TABLE 4.1--—-RATIOS OF PLANT CONTAMINATION TO THE CCCURRENCE OF THE LESS
THAN 44-u FALL-OUT PARTICLE-~SIZE FRACTION AS A FUNCTiON OF DISTANCE OF
THE SAMPLING LOCATION FROM GZ

Dis:ance
from G2, Plant activity /g of dry tissue, muc
Shot miles < 44-u soil fraction/sq it, uc

Tesia 12 2.23
60 2.21
79 2.26
98 2.09
Apple 1 12 2.78
40 2.36
80 2.02
Met 20 12.64
80 18.00
140 18.23
Apple il 7 2.39
48 2.32
106 2.00

detonation conditions, which resulted in a higher degree of activity pe: unit area of leaf sur-
face due to the greater number of active particles retaired per unit leaf area (see Tables 3.3
to 3.7).

A sufficient number of sampling stations transecting the path of fall-out was contaminated
with Apple II shot fa.l-out at 48 miles from GZ tc permit an examination cf the relations te-
tween plant activity and soil particie-size activity with respect to the lateral distance of the
sampling site from the midline of fall-out (see Tabl.- 3.1). Fur this particular shot, there was
good correlation between plant activity and both total activity and particle-size ranges less
than 44 u in diameter,

Leaf-retention study tfchniques developed during Operation Teapot have proved to be an
effective means of determining fall-out particle-size distribution on plant foliage. The reten-
tion of particles predominantly less than 44 u in diameter is attribu*able to the mechanical-
trapping characteristics found on most plant leaf surfaces, as shown in Fig. 4.5. The photo-
graphs show fall-out particles of less than 100 . in diameter trapped in the matted hairs on
a Spkaeralcea leal surface and on the glutinous surface of & Viola leaf. The degree of radio-
activity retained on piant foliage is influenced by the area of leaf surface and the mechanical-
trapping churacteristics of the leaf surface.

An interesting observation m&de wkile scanning leaf surfaces for fall-out particles war
an apparent radiation burn on 2 Sphaeialcea leaf surface caused by a single fall-out particle
of 437 i in wiamsater which had a beta-activity level of 0.291 v.c at H+ 12 hr. The hole that was
burned o the leaf surface and the particle that was removed from the burned area are shown
in Fig. + 6. Photographs taken while the particie was embedded in the burned area did not

give fuitable contrast to permit photographic reproduction.

‘ Foliage .retention studies during Operation Trapot have shown that plant lsaves are selec-
tive collecters of 1all-out particles lens than 44 .. in diameter aid that the degree of radin-
active contamination found on plant foliage vaposed to {all-out materials is a function of the
mechanical distritution of fail-out pm‘ti-\"lés iess than 44 . in diameter at distances within

142 mies from GZ. Data from greater diglances were not oblained for the four shota studied.
The ratios of plart activily (o the less thar. 44-. particle slze may ve expected to vary, de-
pending upen the conditions of the ahot detonation  For shots similar to Tesla, Apple I, and
Appic ii these ralios may vary {roni 2to 3 for distances within 140 miles from GZ. However,

©the fatio may Be irom six to 2yglt times greater {or shots comparable to Met. The fall-out

particle~size range fers *han 44 . )n ameter ahould be considered to be of greatest piologi-
cai signuficance beciuse of e logh degree of tetention wn the follage of forage plants These
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sm&ll-sized particles will be a major source of activity to cattle feedﬁag on forage crops ex-
ternally contaminated with fall-out materiais.

The metabolic accumulation of {ission products by plants as the result of foliar absorp-
tion of soluble {all-out material has not been observed for plant contaminations within 200
miles from NTS to te attributable specitically to continental detonations in the United States.
The British, howcver, report significant accumulation of fisaion products by foliar absorption
of soluble fall-out debris.? Studies of plant contamination by fall-out from the British Opera-
tion Hurricane, Monte Bello, showed that foliage co'lected about 2 weeks after fall-out was
contaminated with superficial fall-ont particles. Samples collected about 14 months later
indicated that considerable contamination by absorbed materials had occurred. The greater
part of the early fall-out material collected trom the Husrricahe test was observed to be
soluble in water or in dilute salt sclutions. Apparently this was an entirely different type of
fall-out material from the relatively insoluble fall-out debris observed during Operation
Teapot.

4.1.2 Decontamination of Plant Foliage and the Solubility of Fall-out Materials
in Washiug Solutions

Data from decontamination experimeznts 1 ave showr that over half of the radioactivity
from fall-out materials retained externally on plant foliage can be removed by washing
treatments with practical solvents. It would appear that soluticns of detergents and chelating
agents are the most effective for decontamination purposes. Natural wind action may remove
some of the external contamination, depending upon its intensily and duration. Significant
amounts of smali-sized particies persist on the plant foliage, as the result ol being mechani-
cally trapped in the matted hairs and crevices of the leaf surface. The effectiveness of decor.-
tamination is infiuenced by the ability of plant materials to withstand washing treatments and
by their pasticle-retention characteristics.

The washing procedures normally used in the cleuning of fruits and vegetables before
packing, shipping, and storing for human consumption will greatly aid in removing fall-out
contamination. Certain modifications in washing procedure would increase the removal of
fall-out particles; however, this should not be done at the expense of damaging the food prod-
ucts. Fruits and vegetables normally peeled or removed from their hulls or shells in process-
ing may be thoroughly decontaminated Leafy vegetables coniaminated with fa!l-cut materials
could be discarded from the human diet, along with fresh fruits and vegetables that have poor
keeping qualities after being washed.

Forage crops cannot be thcroughly decontaminated by washing treatments, nor is it prac-
tical to do so. This could impose the need for farmers to have stored suppiies of livestock
feed available to sustain their animals until the activity of the contaminated feed has decayed
to a ievel permissible foi livestock feeding because forage crops externally contaminated with
fall-out particies are a major source from which animals may assimilate fall-out materiais.

Most plant focd products consumed by iiumans can be decontaminated, but meat and dairy
products may become scurces from which radioactive materials are available. Iata on the
solubility of fol! ge-retained fall-out wiaterials in 0.iN HCI suggest that significant amounts
of thexe materials may become soluble in the GI tract upon being ingested.

The degree o. solubility is a function of the condition of detonation, and, therefore, the
blological hazard from internal emitters ingested 1n fail-out cannct be generalized Aitihough
the Operation Teagot fall-out materials were observed to be up to 20 per cent soluble in
0.IN K1, samples of {all-out materials collectec from the British Operatios Hurricone showed
solubilities of up to 97 per cent {n water and dilute sait solutions.!

4.1.3 Avatlabiiity. a!.Ful-c-ut Materials to Plants from Co.ataminated Soils as
Influenced by Farm-management Practices

Radioactive materials from {all-out-contaminated soll are avallatie to crop plints, how-
. ever, the levels of activity taken up. from soils coutaminated aguring Operation Teapu! were
very smail in comparison to the leveis of fall -out contamination deposited on the 3ot Duta
show that minute levels of activity were taken up by red ciover plants up to a veriod of about
1 year ater fall-out uccurred. Radioactive materials taken up by way f the root system are
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of greater biological significance to plants during the chronir phase foliowing fall-out corn-
tamination than they are in the acute phase, during which time fall-out materials retained cn
the external surface of plant foliage are of greatest biological significance. Of the ionger-~
lived fission preducts, laboratory experiments have shown th.t radiostrontium is the most
readily available to plants.*® Radiostrontium was found to account for 2 to 5 per cent of the
total beta activity in plant ash from a limited number of sampies studied, with the remainder
of the activity due to naturally occurring radicelements.

Results of experiments to simulate the farm-management practice of vaing cover crops
for green manures and dry crop residues as amendments have shown that organic materials,
externally contaminated with fall-out materials and incorporated into solls, are a2 source of
fall-out materials to successive crops. Under conditions where cover crops are contaminated
by fall-out materials, they should be removed from the soil and discarded and not turned
under for green manure. This also applies to dry crop residues.

Experiments were designed io show the influence of cover crops on the level of fall-out
activity deposited at the soil surface and on the successive crop uptai - of fall -out materials
from the soil; however, the levels of plant activity in crops subsequently grown on bare soil
that was exposed to fall-cut and on soil on which a cover crop was growing at the time of ex-
posure to fall-out were too low and too erratic to assign any significance tc the treatments.

In a number of cases, the preseace of cover crops reduced the deposition of fall-out materials
on the soil surface to about one-half of the level depoaited on the bare soil; however, this
difference in fall-out activity deposition could not be accounted for in the radioassay of the
cover crops removed from the soil (Table 4.2). Data showed that the activity of the red-clover
cover crop accounted for only 1 to 5 per cent of the reduced activity.

The dimensions of the exposed «oil flats were approximately 12 by 18 in., and the height
of the plant material varied from a.- st 8 to 16 in. above the soil surface. Under these con-
ditions, it would appear th-t some re.atively large fall-out paxticles were lodged temporarily
on the plant foliage, ind then the partic.es were flicked off by wind action and deposited on the
surface of soil outsid: the portable flat raiser than on the experimental soil surface in the flat.
A simijlar movement of particles could aiso occur in a field of growing plants, but the activity
would ultiraately reack the soil surface o1 which pianis were growing. It appears that either
portable flats with a greater scil area or natural agricultural arcas might give a better as-
se--ment of the influrnce of cover crops on surface-soil contamination.

A-odher important factor should be pointed out with respect to this experiment. The data
given 1n Tatie 4.2 show that a greater surface-soil activity was depositeda in at least three
instances 1 which cover crops were growing on the soil than was deposited on the bare sur-
face. These results also suggest that the apparent differences in fall-out deposition might
refiect natural variations in fall-cut deposition on the soil surface since it has been shown that
fali-out depesitior may vary by a factor of 2 or more between replicates of sustace soil taken
a few leet apart from any given sampling area.

1.2 ANIMAL UPTAKE

The problem of assessing the blological hazurd of radioactive fall-out may be arbitrarily
divided into two parts: (1) the acute or immediate hazard arising primarily from external
radiation and secondarily from the metabolism of certain {ission preducts and (2) the chronic
cr long-term hazard arising primarily [rom the metabolized {i8sion products and secondarily
from external radiation. The division of the problem is real; the exact duration of each phage
is not. '

[ata are presented in this report which emphasize the {ate and persistence of the metabo-
lized {tasicn products {or both the acute and chronic aspects of environmental contamination
by :adioactive {all-out.

4.2.1 Source of Metabolized “ission Products

The fact that the lung may have been an important source {rom which radioactive ma-
teriais were availabie to other lissues cannot be ignored since the activity per unit weight of
liver, kidney, muscle, and femur general'y were as ciosely related to the lung as they were
to the Gl tract. Observations that the radioactivity in the GI tract was weveral orders of
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TABLE 4.2— INFLUENCE OF COVER CROPS ON THE REDUCTION OF FALL-OUT
MATERIALS DEPOSITED ON TUJUNGA SOIL EXPOSED TO PRIMARY FALL-OUT
FROM APPLE Il SHOT

So1l flat jocation Fall-out contamination
P e ~ .
DI e Distance 8oil actlvlgrs uc/sq ft of total cover crop,
— ~ uc/sq it of soil surface
from GZ, f{rom mid- Bare Under Under A -
miles line, miles soil red clover® wheat* Red clover  Wheat
7 2.4E 74.5 27.3 15.0 0.242 1.163
0.6E 2070.1 1063.0 1487.0 2.352 4.113
0.9W 2475.5 33440 2123.0 1.944 2.000
48 3.2E 495.9 201.0 210.0 11.953
0.8E 646.6 504.0 251.0 4.219 15.091
2.2W 490.1 217.0 274.0 3.289 4,898
5.2w 108.7 50.1 1.292 3.142
8.4W 34.0 32.0 51.0 0.273 0.574
11.2w 20.0 9.0 9.0 0.471 1.143
106 34.0W 19.9 8.2 8.2 0.253 1.168
38.0wW 1.2 1.7 8.4 0.238 0.475
41.5W 1.7 <l <1 0.216 0.485

* So0il on which a cover crop was growing at the time o‘ exposure to fall-out.

magnitude greater than the radioactivity found in the lung suggest that the lung was only a
minor source from which radioactive materials may become available to the animals. This
conclusion seems further validated by the lack of uptake of fission products by Dutch rahbits
held in restraining cages in the path of fall-out.

There were four sources from which fission products were absorbed by the gut: (1) the
ingestion of contaminated forage, (2) the ingestion of fall-out from the pelt during preening
following dust baths, (3) the ingestion of fall-out while burrowing or digging, and (4) the
swallowing of material cleared from the lungs and nasopharynx.

Of the four possibiiities, the best correlation during the first two weeks following fall-out
seemed to exist between the levels of radioactivity occurring in the GI tract and the levels of
radioactivity occurring on the plant material upon which the animal fed (Figs. 4.7 and 4.8).
Since the nature of the contamination on the plant material has been shown to be predominantly
the less than 44-u-8ize fall-out particles (F.;s. 4.1 to 4.4), it {ollows that the animal was in-
gesting primarily the less than 44-u fraction of gross {all-out selectively coliecied by the
plant leaves.

The effect that tnis latter point can have on estimating the biological significance of fall-
out can be shown by comparing the occurrence of radiostrontium in fali-out material! (Table
4.3). Note that, although the amount of radiostrontium in the less than 4¢4-u-size material was
small compared to the gross fall-out because of its solubility characteristics, the actual num-
ber of disintegrations per minute of radiostrontium available for biological cycling came pri-
marily from the less than 44-4 material. Note also that relatively more radiostrontium than
gross f{iasion pr. Juct was removed by ammontum -acetate leaching. This indicates that the
radioatrontium was primaiily on the surface of the particles, and it was theiefore maore
reiatively available than some of the other {ission products.

4.2.2 Animal Uptake as Infiuenced by the Position of the Sampling Site Within the
Fail-out Pattern (D-day to [+ 2 days)

In discussing this topic, it should again be stressed that « ire must be taken to compare
oniy thoer snimals with sirmilar food habits and animals sampled {rom similar locations with
respect to the midlins of {all-out (ree Sec. I 2.2). The tissue burdens of mixed {ission prod-
ucts relative *o the distance of the sampling site {rom GZ are shown in Figs. 4.7 and 4.8 for
kxngaroo rats and pocket! mice sampled from environments contaminated by Met shot fall-out.
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TABLE 4.3—OCCURRLNCE AND BIOLUGICAL AVAILABILITYt OF RADIOSTRONTIUM
IN FALL-OUT MATERIAL FROM MET SHOT

Total
Distance Size of Blologically Blologlcally activity
available available
of sampling fail-out Total activity Total radio- radiostrontium available
site from particles,t  activity, strontium,} as radio~
GZ, miles M d/m/sq ft d/m/eq ft % d/m/sq ft d/m/sq ft % strontium, ¢
20 > 44 98,000 5,980 6.98 856 8§71 868.7 0.682
280 -297 837,000 355 0.06 8,250 180 2.88 0.028
EE R 0 369,500 274 0.07 8,730 34.1 0.39 0.099
58 > 44 49,200 1,858 3.16 344 108 30.7 0.214
125-177 101,000 743 0.74 812 40.6 5.00 0.040
177-250 47,950 364 0.76 849 128 15.1 0.268
140 > 44 20,900 550 2.63 991 68.0 §5.8¢ 0.325
88-125 19,450 210 1.08 137 24.9 18.2 0.128
126-177 2,025 197 9.70 154 19.7 12.8 0.973

* Biological availability estimated by ammonium-acetate lcaching.
t These data' correspond to the particle-size ranges given in Tables 3.6 and 3.7 of Report WT-1178.
$ Time of analysis of all samples was from January to February 1957.

The leveis of plant contamnination ai each of the sampling areas are included since this is the
most probable source of the metabolized fission products present in the animal tissues.

In gener2l, the radioactivity of all tissues decreased with distance from GZ. The activity
per unit weight of the femur, however, remained relatively constant, instead of declining, for
both species of animals from €0 to 140 miles from GZ. The kidney of the kangaroo rat alse
saowed an unusual pattern with & high level of radioactivity per unit weight at 58 miles, as
compared to the kidney at 20 and 140 miles. The high value at 58 miles was a mean determined
from 23 specimens demonstrating a low standard deviation. This suggests that the phenomenon
is real, although no such variation was observed for the pocket mouse. It is pnssible that this
observation is, in some way, associated with the peculiar physiology of the kangaroo rat, i.e.,
the increased renal reabsorpticn of water.

The thyroid gland demonstrated a pattern of accumulation similar to the kidney (Fig. 4.9).
The radioactivity present in thyroid tissue has been satisfactorily identif‘ed as radioiodine
(see Table 3.20); and, because of the biological importance of iodine {i.e., in terms of normal
physioiogical requirements), * i, nears proper to treat the occurrence of thyroid activity or
radiviodine separately. Forv the cases illustrated, i\ appears that the thyroid builen of radio-
10dine was greater at 63 miles than at either 12 or 140 miles from GZ. Note that Fig. 4.9
shows similar daia resulting from fali-out contamination by two separate detonations. Al-
though the conditions of detonation were very difierent, the peak thyroid contamination in both
cases occurred -t about 63 miles. An important consideration to be discussed in Sec. 4.2.3 s
that sampling occurred within 24 to 48 hr following fali-out, or almaost 2 weeks prior to the
time at which the maximum values would be predicted to occur in any one location.

4.2.3 Persistence of Fission Preducis tn Rodent and Jack Rabbit Populations

Table 3.22 shows the perst *ence of fission products in various tissues from .ocal jack
rabbit populations sertally sampled over a T-month period The average tissue burdens were
still above normal at the end of that period. Attempts (o estimate the radioactive content of
vhe bane above normas Jemonstrated that it wunld be accounted for i terms of radiostrontium
and its daughter product Furthermaote, alii:ough the amoant of radiostrontium in the bone was
constant between D2 and D 10 days, * increased from two o five times within 6 months
ssee Table 3.23Y, thereby demonstrating the relative amzortance of the chronic dose over the
acute dose in fluencing radiostrontium assimilaton.

Compar:sons were made among the activities ol vavious Uissues from jack rabbits, cotton-
tail rabibits, kavgaroo rats, and pocket muve sacrificed on different days after fall -out from an
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area 12 miles from GZ (see Table 3.21). Since the serial samplings generally yielded only
one replicate of each species, the reliability of the data is limited in this respect. The iwpor-
tance of comparing only specimens sampled from the same location at the same time i8 again
emphasized by the variations in activity with respect to time, demonstrated by R. megclutus
and P. maniculalus sampled from the same location but at 36-, 44-, and 72-%r time intervals
following fall-out contamination (see Table 3.17).

The activity of the various tissues from the three different species was rather closely
related to the activity of the GI tract during the 2-week sampling period. This suggests that
the initial body burdens of fission products are dominated by io~topes with short biological
half lives. Therefore, the tissue burden is dependent upon replenizhments presumably from
the GI tract. Consequently, over a short period of time, it is not surprising that the fission-
pr«duct content of various tissues appears related to the concentration of fall-out material in
the GI tract. The relative decrease in activity of these tiscues serially sampled from the
rodent population did not markedly deviate from that of the radioactive beta decay of the
mixed fission producis measured by Project 37.2. Figures 4.10 and 4 11 show the relative
persistence of fission products in the various tissues of kangaroo rats and pocket mice serially
sampled from the midline of Apnle I shot fall-out. Similar figures cannot be shown for the jack
rabbit and cottontail rabbit because their sites of collection were not comparable {rom day to
day with reference to the midline of fall-out. The data given in Table 3.21, however, do indi-
cate a similar trend for these two species.

The activity in the femur of the kangaroo rat population increased up to the third day after
fall-out, and then it decreased. During the 6-da, period that kangarco rats were sampled, the
activities of tissues (other than the femur) were closely related to the activity of the GI tract,
Assuming ingestion as the principal source of contamination, the curves for the population of
kangaroo rats and pocket mice indicated a rapid equilibrium between the absorbed activity and
that passing through the gut may have been established for these rodents withir the first 2
days after fall-out. During the 6-day sampling period, there appeared to be littie evidence of
biological concentration of fission produ ts in terms of gross beta activity.

Figure 4.12, however, shows the persistence of radioiodine in the thyroids of native ani-
mals serially sampled from the approximate midline of Apple Il shot fall-out (see Table 3.21).
The thyroid burden increased gradually throughout the 15-day sampling period. This build-up
of thyroid activity, which ccrresponds to similar phenomena described at the Hanford Works,
is considered to reflect the time necessary for the iodine in the thyroid and in the food supply
to reach equilibrium. The early thyroid burden is largely estimated by the accumulation of
the relatively short-lived isotopes of iodine, whose fission yield is approxiinately twice that
of I'''. lodine-133, with a fission yield of 6.62 per cent, 2 half life of 22.4 hr, and an average
beta energy of 0.4 Mev, is sugges.ed as the principal contributor to ear'y thyroid burden.

4.2.4 Inieraction of Time and the Position of the Sampling Site Within the Fall-out
Pattern upon the Accumulation of Fission Products

Several residual fail-out patterns were defined, and samples were taken along the midlinc
of contamination in October 1955 (see Sec. 2.3.2). The biological acrumulation of (ission prod-
ucts existing at that t:me is summarized in Table 3.23. Figure 4.13 summarizes the results
from one pattern dominated by the Met shot fall-out pattern. These data appear representative
of the other residual fall-out patterns. The environmental contamination, a measure of gross
residual fail-out contamination, decreased sharply with distance. The gross beta-gamma
activity in jack rabbit bones sampled along the midline of residual fall-out increased to ap-
proximate., 134 mile<e and then it decreased slightly and leveled off. The radiation levels
above normal that occurred in the bone were estimated by the presecce of radiostrontium.
The peaking of the radioactive content of the Lo.v at 134 miles appeared more specificaliy to
t e attributable to the relu'voly | eavy concentration of Sr*?

This was not the {irst time that such a phenomenon had been observed. In May 19%4, 1
year following the Upshot-Knothcle test series, another residual fall-out pattern was studied
to a distance of 158 miles from GZ.7 Once again, soil contamination was shown to {all off
sharply, whereas the burden of radiostrontivm in jack rabbit bones increased to a maximum
at approximateiy 130 miles from GZ.
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sampied along the midline of restdual fail-out contaminstion 6 months
following fall-out from Met shot.

Remember that, with respect to the radioiodine data, the peak cuncentration in the thyroid
occurred at about 60 miles. The maximum concentration of radiostrontium in bone occurred
at about 130 mules; and, in both the 1954 and 1955 instances, the distances are remarkably
similar, considering the great differences in the conditions of detonation.

Another parameter is needed to explain these observ. ions. This parameter, which also
influences the biological fate of radivactive fall-out, can be assumed to be the time necessary
for the parent fisswp products 1o decay into the daughter products measured in the samples.
The radioactive half life of the precursor and 1ts chemical characteristics will determine how
the daughter product 18 frally distribatet as fali-cut material. The question as to the 1ate of
other specific fission products (such as cevium, cestum, ~uthenium, and zircontum) i8 pro-
posed for study during the next weapons lesting program

43 SUMMARY OF FACTORS INFLUENCING THF ACCUMULATION OF FISSION
PRODUCTS PY ANIMALS

In sumimary, we can trace the biclogical fate and persistence of radioactive fall-out in
antmals as follows: First, duaing participation in various nuclear lesting programs, it has
been found that the predominant aize of fall-out particles greater than 100 .. in diameter de-
creases with distance from GZ, whereas the iess than 100-,. maleriai does not decreage by,
remains the sanie or increases with distance up to 200 miles {rHa, GZ " Furthermure, the
smalier size material tended to be more soluble and therafore jtentialiy mare avatiabie to
the tiological cycle ! Second, the majority of particles reta.ned by foliage were 'wlow 44 . an
diamieter, naving an average size of approximately 20 . _

A feasible explanation is that the accumuiation of fission products by grazing animais 13
related to particie size ard that, bersause the plant acts as a2 selective coliector of very smali
fall-out particies, the intake f radioactive debris by animajs during grazing tends to be
sanila. over a great distance and appears to be independent of 'sial fali-out The amoun? of
any speciic 1sotope present s aependent upon the phyvsical and chemical behavior of its (so-
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topic precursor during fall-out particle formation. Therefore, the amount of any ., wcific
isotope (such as strontium or iodine) at any particular location within the fall-out pattera will
be highly variabie, and the occurrence of areas in which the biological accumulation of that
isotope is high is to be anticipated.
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Chapter 5

SUMMARY

The ievels of radioactive contamination of biclogical materials sampled during Operation
Teapot were generally lower than the levels measured from equivalent locations during Opera-
tion Upshot-Knothole. The conclusions drawa during Operation Upshot-Knothoie stiil appear
to be valid, namely, that portions of radioactive fall-out will be metabolized by animals and
that the biologically available fraction of fall-out does not recessarily correlate with the
amount of total environmental contar. ination .. radioactive fall-out.

During Operation Teapot, the biolugical accumulation of fission products derived from
nuclear detonations was studied as a function of (1) the distance of the sampling site from GZ,
(2) radioactive particle-size distribution, and {3) fracticnation of all fall-out material as it
niay vary with distance from GZ. This included studies on (1) the persistence of fission prod-
ucts in plants and animals living in contaminated environments, (2) the availability of fall-out
material to plants ai-d animals under various conditions of contamination, (3) evaluvation of
inkalation as ¢ significant phenomenon in the uptake of fission products ir actual fall-cut
areas, and (4) the determination of the percentage distribution of the total-body burden of
certain isotopes in the tissues of animals exposed to fall-out.

The data discussed in this report are summarized as toliows:

1. The activity measured in plant samples collected trom fall-out areas is prinzipally
accounted for by external corntamination by radioactive fall-out particles less than 44 4.

2. The degree of plant contamination by radioactive fall-out is a funciior of the mechani-
cal~-trapping characteristics of leaf surfaces and the mechanical distribution of the less than
44 -u-size particles within a distance of 100 miles from GZ.

3 Fall-out particles less than 44 p in diameter are biologically significant because of
their high degree of retention on the foliage of forage crops and relatively high solubility.

4. The degree of contamination of plant foliage is related o such conditions of detonation
as tower height and particle sizes of the surface soil at GZ.

5. The radioactive fall-out material on plant foliage {5 persistent, 8 i3 evidenced by tie
radivactivity remaining on leaves even after washing in 5 per cent Versene and 0.1N HC! ¢
by the mechani~al ahiking brought about by severe windstorms.

6. Forage crops cannot be completely decontaminated by washing, nor is it practical to
do 80 Normal washing procedures used tn cieaning fruits ar ' vegetables before packaging,
shipping, and storing for human consumption. however, will aid greatl, in removing lall-out
contamipatior, as does the common practice of peeling or scraping foodstulfs during meal
nreparaticn.

7. An average of 21.6 per cent of the contamination on leaves is aoluble tn 0. IN HCI,
which suggests that a similar percentage of the quantily ingested by grazing aninials would
€N into solution in the digestive tract.

8 small amounts of radioactive mnateriale are absorbed by plants from contaminated soils
for about the first vear after fall-out deposition  Externally con’aminated cover srops and dry
organic materials tncorpora-ed into sotis are scurces of radicLotivity for successive crops
grown on these soils
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9. Intensive cropping is neither efficient nor effective in removing fali-out contamination
from soils. Under the conditions of the experiment, much higher levels of contamination from
fali-out material of the type produced by Apple 1 shot are necessary hefore crup plants will
take up appreciable amcunts of fission products.

10. Cover crops partially ghield the soil surface from fall-out contamination. This is
particularly true for fall-out particles less than 44 p in diameter.

11. The tissue burdens of fission products in animals sarapled from fall-out-contami-
nated environments tend to decrease with distance from GZ in a4 manner similar to the degree
of plant contamination. The activity per unit weight of the femur, however tends to remain
fai.ly constant to a distance of 140 miles from GZ.

12. The thyroid shows a greater tissue burden of radioiodine at 80 miles than at either
12 or 140 miles from GZ. The thyroid is a quaiitative irdicator as to whether or not biologi-
cally availabie fall-out is present during the first week or two following cletonation.

13. Iodine-133 is believed to contribute largely to the thyroid burden during the first 3
days foliowing the detonation.

14. The reiative decrease in tissue burdens of fission products in native animals serially
sampled from the sawe fall-out-contaminated ervironment over a 15-day period in mogt
cases did not markedly deviate from the environmental beta decay of mixed fisgion products.
The radiocactivity per unit weight of femur, however, gradually increased until 3 days post-
shot, and then it decreased. The thyroid activity continued to rise throughout the 15-day
sampling periocd.

15. The accumulation of fission products in the skeletons of jack rabbits sampled be-
tween 8 and 7 months following fall-out was stili twe t» five times higher than normal. The
amount of radiostrontium in the bone had increasrd two to six times over the values deter-
mined between D+2 and D+ 10 days, indicating t. e effects of chronic exposure.

16. The peak concentrations of radiostrontium in bone measured along the midlines of
resjdual fall-out 8 tc 7 months after fall-out were at distances between 98 and 134 miles from
GZ.

i7. Data suggest that inhalation, as compared to ingestion, is a negligible path of uptake
of fission products during or after fall-out contamination. The extent «0 which fission products
may be accumulated through inhalation of fall-out is stili open to speculation.

18. In most cases, the close correlation between the relative tissue ..~tivily and the radio-
active content of the digestive tract suggests that ingestion is the principal source of tissue
activity. In the population of animals, the data indicate that a rapid equilibrium between the
atscrbed radioactivity and that passing through the gut may have been established within the
first 2 days following fall-out.

19. The accumulation of fission products by grazing animals is related to particle size,
and, because the plant acts as a selective collector for very small fall-out particles (legs than
44 . in diameter), the intake of radioactive debris by animals durinZ grazing tends to be simi-
lar over a great distance and appears to be independent of total {ail-out.

20. The amount of any specufic isotope pregent is dependent upca the physical and chemical
behavior of it# isotopic precursor during fajl-out particle formation. Therefore, the amount of
any specific isotope at any particulay location within the fall-out vattern will be highly variable,
and the oecurren~r of areas tn which the biological accumulation of that isotep< ts high s to
be anticipated.




