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MARYIN, W, E. (Lab, of Nuelear Medizine and Eadiation Biology, Dept. of Ria-
phywies, Tadv. of Colif,, Loa Angelany Badioerology and the study of spyirenmantal
radiation, Bull. Torrey Bot. Club B1: 283-728, 196€ —Among the major scientifie prob-
lems of the Nuoclear Age are those which daal with the eollection of dute wnd the de-
velopmant of eohtepts to be usad in meking realistiz, gquantitative evaloations of tha
hiological hazarda, if any, resylting from increased environmental radiation doe to fall-
aut. This papar presenta z brief review of some of the ecologienl ampeetn of these prob-
leme. The major topics considarad are: {a) the kinds owd amounts of “catural” and
“Imanmade” sourees of ipnizing radistlsh in the Dicapbare, {b) the formation and
disperoal of fallowt, iaglnding 2 comparism of local, tropespherie apd atratospberic
fallout pattarnm, (o) the redigtribution of fallont materials by snvironmental procssses,
their accumulation by plants aud animals, saod their sycling e terrestrisl fomd-chains,
and (d} the evaluation of potestisl bisiegieal hagards arising from small inereases
lo ecteraal and internal eaxpoaure of organiama to jeniziog radisliow.

Radioeeology van be defined a8 the study of organisms and thair ex-
ternal envirgnments in relation to ionizing radiation. As a practieal applica-
tion of ecology to the study of fallent and resctor effluents, radicecology
is primarily coneerned with: {a) the infnence of ionizing radiation on
plant and animal populations and eommunities in their natorel environ-
tents and (b) the influence of orranisins and enviroomentel procesees on
the distribution of radioactive materials in the bicsphere.

Ionizing radiation has always been a part of the natural environments
of Mving organisms. Speculations is to the possible infAuvence of snviron-

1 These studies werz anpporied by Contrast AT (04-1) GEN-12 betiween the T, 3.
Atoiic Energy Commission nnd the University of California ot Lig Angeles. The paper
waa riginally presented at the Bighteenth Anuusl Rescarch Conference of the Burkiu

of Biological Resanrch st Ratgers University, New Jerey, Aprl 27-24, 1062,
Received for publication February 12, 1064,

243



-

54 BEULLETIN OF THE TOREEY BOTANICAL CLUE (oL w1

mentsl radiation on organisms began as early as 1896 (Miller 1896). The
possibility that ionizing radiation bas played an important role in evolu-
tien was recornized sz early at 1928 (Olson & Lewis 1923),

During the past twe decades, the ‘natural'” sourves of jonizing radia-
tion in the bissphere have besn augmented by the release of considerable
quantities of *‘man-made’’ radicwstive materigls, The spread of radie-
nuclides in Fallont has been world-wide, and probably thers iz no place in
the bigsphere where the level of envirenmental radiation has not heen in-
creased to some extent, Eeologieal studics of the effects of nuelear datona-
tions were made as eerly as 1943 (Bellamy 1949). Since then, the subject
bas been discussed at a variety of Congressional Ilearings (Speeinl Sub-
committee 1957, 1959, 1959b} and scientific meetings all over the world
{A.LB.S. 1962, Caldecott and Savder 1960, Comar 1957, Danning and
Hilkin 1$56. Health and Safety Laberatory 1958, Singleton 1958, Sparrow
et al. 1958, United Kations 1855, and Unifed Nations 19587},

This paper is a brief review of some of the currently available infor-
mation eoneerning : (a) semrees of envirommnental radiation, (b) the for-
mation and dispersal of fallomt, () the influence of organisms and of
envitonmental processes on the redistribution of radicactive materials in
the biosphere, and (d} the pessible influence of increased enviremmental
radiation on orpanisms. Its purpose is to outline a few of the eeclogical
problems favolved in evaluating the potentisl hazard, if any, of increased
environmental radiation to pepulations of plants, animals, and men.

ZSources of iomizing radiation in the biospheare. “*NaTuxalL™ BOUBCEE.
The natural or “*background’” radiation to which vrganiving are exposed
in their natureal environments ig Jerived either from eownic cadiation or
from radionuvelides. Redionuclides in cnvironmontal media ave refcrred to
as *'externsl emitters'” while the radionoclides assimilated by plants and
animals are called **internsl emitters.”?

1. Cosmie Rediotion. Cosmic rays conzist chiefly of protonsg and alpha
particlez which enter the earth’s atmosphere from outsr ypace. Nuclear pe-
actions between cosmic rays and the atmosphere produece a variety of
gecondery radiations. At the lowepr altitudes, the ionization associated with
eosmic radistion is eavsed primarily by protons, mesons, high energy clec.
trong and photons.

The average intensity of cosmic radiation at sea level (Boreh 1934) is
about 1 mr/day {mr=millitoentmens). This increases with altitnde to a
maximumw of gbout 15 meSday at 50000 fect. In the thinner air above
700000 feet, onization due to ecosinie rays is less indense, At sea level the
intensity of eosmic radiation inereases slightly with inereasing latitude,

2, Erteragd emitiers. In addition to radiam, thoriowm, uraninm, and
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their daughter products, Lowder and Solon (1956) lave listed 17 other
radicouclides which are known te oceur in air, seil, or water.

Carbon-1% and tritinm {H-3) are produced in the uppor atmosphere by
nuclear reactions between commic rays and molecules of nitrogen and water.
The air near the grewnd mey slso contain smell quantities of gaseous
decay products which are derived Irom =il According to one estimate

Table 1. Exfimaled aditrily of xelirglly dccurring radionuelides in oz aova-foot af
xotl derfoed from fymeocus rock”®

Badlio- Artivity in Radio: Aetivity in
neliles curics, acre-fook noelides curits, uere foot
K30 Ad w1073 En-226 LA» 102
Rb-87 0 1878 Th.23a 1.0 107
o4 & H-3 i 7258 2.0 x 104

* The formela for thés¢ celeuwlations and those in ‘Table 2 fo:
C= A v Al « AE » grama/acre-foot
C= Antivity of radioanelide io suries per nere-fgot
A = Bpeaific activity of rodionoelides in euries per gram
A= Abondence of radionoclldes {70« 10-2) in nataral elezent
AE - Abundance of element { % » 10-?) in anvironmental media
(irams par acre foot =
Hoil: 15 104
Water: Y1E34 = 1P
Sourees of hasic datu:
“Ba"; Einsman {1957
A Haiwl¥ank of Phreier und chemintry, $391h 2,
“aF”:  Lowder & Solon (1356 )
* (-14 in orgnoic matter ameunts to abont [k 10-12 ofg carhon
H-3 in aeil water amounts to phout 3= 10718 /g water

Table 2. Esiimdafed eelttily of maturally occnrming rodiensclides iR an acre-foot
of sea wnater®

Rard - Astivity in Radig- Artivity in
nuclides curies/sere- Foot noelidog soriag aere-foot
K4 R T K224 62 x 104
h-87 32 A0 Th-%2 arn

14 & H-3 T U-23H T

' fea footnote following Table 1.
*F 014 o, 1w 1017 ¢fg of Carbin
H-% oo, 1 L0-19 gyg=ra. 1.2= 18-% ¢ saere-foot of Ben Woter

F&F Not caleolated.

{Koval 1045) the gas which smanates from secils containing radiom and
other long-lived radicelements has an average activity of ce. 2 = 107 ¢/m?
fe/m* = curies per cobic meter). Most of this is due to the presence of ra-
divisotopes of radon (Rd-21%220.222} preduced by the decsy of Ba.226
Hess (1942) has reporied that the radon vontent of air near the ground
is wsually less than 1x=10™ ¢/m* but one sample, eoliected Jduring ealm
winter weather from ¢ low grea havine no snow cover, eonfained 3x 10
/m? of radau.
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The principal radionnelides in the earth's ignecus erust, and thersfore
in most soil types, are K-43, Kb-37, Ra-2326, Th.232 [1-238, and the daughter
produsts of the last three { Alexander et al. 1960). The C.1d eontent of =oils
i%, of pourse, quite variable but amonnrs to approximately 1.0 x 1079 caries of
(14 per gram of earbot. Tho theoretically possible eonceniratipns of moat
of 1hese radionuelides in igneous roek or in soil derived Erom igneouns rock
are ghewn in Table 1.

Estimates for other kinds of materials wonld vary in seversl respects.
Potassinm, for example, is lesg abnndant in sandstone than in granite. Its
abnndanse in shale and limestona is abont the same a9 in granite, Eubidium,
on the other kand, is genersily absent from limestons, but itz abundance o
sandstone s lower and, in shale, about the same as in granite

The natura! radionnclides in sea water are derived from the stmos-
phere and from the land. Using the abundance data given by Lowder and
Bolon (1956), the approximate activities of certain radionuclides in zea
water have heen ealeulated and are tabulated in Table 2,

Becausze of differences in their geochemistry, radionuelides which are
relatively abundant in soil mar be relatively rare in sen water. In soil, for
example, K-4) i3 relatively more abundant than Ba-226 but im sea water
this relationship i reversed.

According to Love (1951 the average eoncentration of radiam in fresh
warer iz abont 10=10°7? o/liter. This would be aquivalent to 123 .10
efaerefoot which i@ abont twice the coneentration o sea water,

The average ratic of H*/H* 1mn rain water has been estimated as L0 = 10719
and, in surface sea water, sbont 02 < 10 [ Lowder and Solon 1956), Sinee
the speeific astivity of H* iz given as 9.6 x10? ¢/r (Kinsman 1957}, this
wonlil amount to spproximately 6.0 x 10°* curies of tritium per acre.foot
of rain water and 1.2+ 107 eurics of tritium per asre-foot of sea watey,

3. Imternel emiffers. The radionuelides in air, spil, and water are readily
incorporated i marine ang terrestrial food-chains. Carbon.14 and H-3 are
egpecially ubiguitons. The concentration of naturally prodoced €-14 in
organism is sbout 1.0 % 107 ¢/gram of earbon while the concentration of
H-3 iz about 1 to 5 x 107" ¢/gram of water.

Aeccording to one estimate (Fry and Kuroda 1959} the above gronnd
parts of green erop plants on an acre of enitivated soil may sontain about
110 x 10® caries of natural redionuclides (Table 3}. Conzidering only the
radiennclides derived from the soil {Tabla 1}, the plant/soil ratic on a
unit area basis is approximately 23 » 107, In other words, a single arop of
plants could remove sbout G25% of the nacural radicaetivity in soil

Animale may acquire nerligible amounts of radionuelides from the at-
mosphere. They regularby assimilate warious fractions of the radionuelides

* Thia eatimata dota nod Inelude the C-14 derived from abr or the H-3 derlved from
soil watar.

‘I



Voo 01

1 therefore
¢ danghier
ent of soila
2 maries of
ns of most
neous ek

il respects.
rranite. lis
Rubidinm,
andanee 10

the aimos-
gwder and
des in sea

which are
fn zail, for
gea water

m in fresh
123 - 10~

3 10w Q0%
161, Binee
[357], this
¢ acre-foot
water,

are readily
ul H-3 are
4 14 in
tieation of

ve Fround
tain ahout
g only the
ratic on a
tle crop of
poil.*
wn the at-
Honnelides

érivad from

196H] A RTIN ; RABIOECOLOGY AKD STUDY OF ENVIRONMENTAL RAMATION  ZBT

ingested with food and water or other nonliving materials. Aceording to
Hursh (1935}, the most important nataral radionuclides assimilated by
man are C-14 and K40 [(Table 4},

Avcordine to Libby (1955) and others. people who live between sea
level and an alcitude of 53 feei above zea level in aress underlzin by
grapite are narmally exposed to gbout 208) mr/¥eat of ionizing radiation
from natural seurses. Roughly 25% of this total is due to cosmic radiation,
5070 to external emitters, and 255 to internal emitiers.

b, Man-made' sources. The major man-made seurces of ionizing radia-

tion in 1he biosphere are radicnuclides produced by atemic fizsion or by
nentron induction and released to the atmosphere as reactor effluents or as

fallout from nuclear weapons fests,

Tatla 3. Exlimated activity of naturaily erowrring redionuclides i ihe abowe growad
sarlx of ex aerg of green crop plaals waighing 50 tozs*,

Radio- Antiv/ty in Radie- Activity ln
nuclides rurien ¥ I1-# nueildes eurien x 10-7
E1b 75,600 Ra-206 4040
Rhd7 19,5040 1J-238 157
C-14 13,5041 H-z 156

" From: Fried & Heald {1959

Talkla 4. Exfiaated sctivity of asturaily ccocerring radionwclides in g man weiphing
70 Kilograms®,

Rodia- Aotivity in Radie- Agtivily in
nuclides Curigs « 112 naelides corigg x 10-17
K 40 150, Bo-266 104 to 200
-1+ 35 tHI0 H-3 6.3 to 313

*Afcer - Hurah (1855,

The direct effects of neutren and gamma radiation associated with the
operation of a nuelear reactor are largely conflned to the immediate vieinity
of the reactor, Reector eflnents containimg small quantities of fssioen prod-
nets and radionuelides produced by neutron inductien may be released to
environmental media, but only local areas are affected. The disposal of
highly radicuctive reactor waste products iz usually accomplished in a
manner which prevents their release to the environment.

The direct efferts of neutron and other ““prompt’’ radiation released by
the detonation of nuclear weapons ars wsuslly confloed te areas in which
the effects of blast and thermal rediation are more important. The radio-
miclides produced by nuclear detonations in the atmosphere gre—hy
virtue of their gquantity, world-wide distribution, and potential biologiral
significance—the most important man-made sourees of radioactivity in the
bBrosphere,

The slow fission of uraninm produces at lesst IT0 jsotopes of 35 lighter
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elements (Blomeke 1955). Over half of these are radicactive, and most are
relatively short-lived. With the exception of [-131 which has a halt-life of
8.04 davs and a [ew boneaecekers such as Ba-140 which has a halflife of
128 days, short-lived radionuclides are not generally considered to be
mnportant as potential biclogical hazards.

The fBsswon products generally considered to constitote a leng term
biclogical hazard are 83090 and €s-137. The bivchemical behavier of Sc00
is similar to thet of caleium; and when assimilated by animals, it i= de-
posited in the skeleton, The hehavior of Cs-137 is similar w that of potas-
sintn and therefore, when assimilated by anunals, it contribates to the ra-
tlivactivity of muscle tissue, There are a variety of other fsson produets
{Caster 19539} which acetinulate in different apimal organs, but their
quantities zre rather small io vomparison to those of 3-90 aud Cs-127,

Carbon-14 is produced by both ““atomic’ and “hydrogen’' bombs while

Table 5. Estimaled prodeciion of moyor radionuclides by nuclear weopens (eaty up
1o the end of 19681

Eatimatad Yield in Eatimated Weapons Vield
Radio- Half- curben per KT “Fianion “Fuamon"
nelides life "Fhaton™ Pgaign™ 1275 MT* 1625 MT*
Hr-a0 sy 143 * — 1%« 10" n —_
Ca-137 13y 251 o* — 32 1M o —_
Col4 S} 334 e IE N il 3w 1lkg EL RN
H-3 125y — ET20 g% — 104 » 1 =

* Estimptes based on data given by Duoning {19520,
™ Ealinoter haged on data cited by Letpunsky (1958},

H-3 is produced only by thermenuclear deviees. The assimilation af thess
radioizotopes by plants and animabs hias already been mentioned.

Table & provides a rough estimate of the amounts of Be-90, Cs 137, C-14,
and H-3 produced by nuclear detomations prior te January 1962. Thesc
extimates do oot neeessarily indieate the smounts of eadionuelides poten-
tially availeble for assimilation by plants and animals, There is considerable
uncertainty as to the amounts of these waterials enrrently stored in the
stratosphere, and the amounts eventnally to be deposited as fallout will not
be uniformiy distributed. Alse, as will be discussed in later sections,
biclogical availability is dependont wpom the interaction of a great many
bictic and abictie factors which are guite varable from place to place in the
bicsphere.

Assuming the area of the carth to be 2 < 10¥ square miles, there has been
encugh Sr-%0 and Cs-137 produeed by nuclear detonations ap to the end
of 1961 to vesalt in the world-wide deposition of ™ me {millicuries) of
Sr-90 and 160 me of 5127 per square mile. Tt has been estimated
{Dunning 1962} that the tatal deposition of these isotopes in the United
States may cventoally amount to 125 me of Be-90 and 230 me of Os-137 per
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square mile. (Apparently, these estimates are based on the assamption that
ondy twe thirds of the Sc-00 and Cs-137 produced are available for world-
wide distribution and that the United States, because of its laritudinal
position, will receive abont twiee the world average.)

Rafter & Forgpusson {1957) have reported thar che C-14 eontept of wood
formed in 1857 was 6.7% higher {in New Zealand) than that of wood formed
m 1954, The stmosphere normally containg 2 » 104 ptoms of C-14 produced
by nuelear reactions between cosmie rays and nitrogen moiceules {Broscker
and Walton 1959}, Using the data cited by Duoning {1#2} and Leipunsky
{1859, I have estimated that all nuclear detonations in the atmosplers
prior to January 1962 have produced approxinately 27 = 10¢* atoms of C-14.
If 10"% of this tutal were absorbed by zea watsr and the remainder were urni-
form[y distributed in the atmosphere, thizs would amoont to an inerease of
ahont 1295 over background. The current (Jan. 1%62} concentration of
bomb-produced C-14 iz prohably greater in the northeérn hemisphers than in
the soathern, and most of the total in both hemizpheres i probably eonfined
to the stratosphare. The time required for thorough mixing iz omiknown, but
it is probably short in eomparizon to the 550{.vear balf-life of C-14.

The estimzted amount of H-3 produced by nnelear detonations is guite
impreszive but may be somewhat micleading, While H-3 may mike a major
voutribution te the ovep-zll incvense of enviromnental radiation, its half-life
is relarively short; and i i8 so diloted by rain, by surface and gronnd
waters, and by the water in piant and snbnal tissnes that its coneentrations
in nrganisms {Table 1) is genepally qnite small in eomparison to the concen-
trations of other radionacl idea.

While many of the presoding estimates gre hased on over-simplified as-
sumptions, they shounld provide an indieation of the epntrast befwesn nk-
tural and man-made sonrees of ionizing rediation 1n the bicsphere and of the
relaiive concentrations of the former in air, s0il, water, planty, aind animals.
The sectiena whick follow deal prirvarily with the initial disteibation of
radionuelides prodoeed by nnclear detonations in the atmosphers and with
the subseguent redistribation of these materals by enviconmental processes
and by erganisms,

Formation and dispersal of fallout, FALLOUT FORMATION. When a nuo-
elear weapon iz detonated, abont 500% of the encrgy releasad ia dissipated
2z blast snd shoek, 35% as thermal radistion snd light, and 155 a= nuclear
radiatien {Flasstone 19571, About ope thied (3% ) of the noclear radiation
tz diwsipated during ihe first 80 secondy after the detonation. The remainder
(12 ) may be ineorporated in or on the fellout particles which are formed
dering the development of the familiar “ moshroon’ eloud.

Immediately after the detonation [(Fig. 1) an extremely hot, intenssly
lominous ' ficeball’’ i= formed. Beesuse of itz high internal pressure and
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. temperature, the ficeball expands and rises with great rapidity, The * pri-
mary "' shoek wave traveis ahead of the expanding periphery of the fireball
and produces a bowlshaped eloud of dust when it sicikes the ground. Some

FIREBALL

PRIMARY SHOCK WAVE
REFLECTED SHOCK WAYE

UPDRAFTS BEQIN IMMEDIATELY AFTER
A. IMPLCT OF PRIMARY SHOCK WAVE

MACH FRONT, A WAVE OF INCREAEED
OVERPRESSURE

TOROIDAL FIREBALL

: b
STEW WITH UPDRAFTS OF 204- 300 MPH
B, LLOUDY OF DUST PROOUCED RY
MACH FROWT
WiND DIRECTION
* *CaAP® FORMED A% FIREBALL COOLE
AND 15 DISSIPATED BY Wik
] -— "LOGAL" FALLOUT OCCURS PRIMARILY
. W DOWN-WINDG DIRECTION
"STEM™ UPDRAFTS SOMEWHAT ABATED
€. AFTERWINDGS COMTINVE FOR SCME
Fig. 1. Stoges in the derelopment of o “mushreom cloud” following the detomation
¢f & nuckear wegpon a few bandred feet above ground,
- T T of this debris may be carried into the “stem’ of the developing eloud by the
+ high wveloeity updrafts which develop in the wake of the rising fireball.

While the fireball rizes, it essumes a toroidal eonfizuration which is
T similar to & rapidly-revolving, doughnut-shaped ring. Soil materials carried
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into the stem By apdrafis may be sucked into or cirenlated throngh and
around the toroidal Greball

At some diztance from grownd zers {the point an the groond directly
below the detonation), the "primary’’ shock wave i3 angmentsd by a “‘re-
flected’ shock wave, This combined front, the *“Mach® Front, travels sway
from gronnd zern at abont the speed of sound. Moving Like a wall of highly
eompressed air or 2 wave of inereased pressure, the Mach front may produce
depse, turbuwient ¢lowds of svil and other debris at spmne distancs froem
ground zero,

After the passage of the Mach front, ' afterwindsz"" of burricane veloeity
aonverge on ground zeve and may carcy more materials into the stem beneath
the rising fireball The fireball continues to rise until its temperatare
matehes that of the surrounding air. The height to which the fireball and
““gap'' of the mushroom eloud may rige is dependent primarily uwpon the
amount of thermal energy released hy the detonation and on the aliituds
abave the surface at which the detonation oeeurs,

Tnitially, the fireball contains only the fission produets and other mate.
rials vaporized by the explosion. If it intersects the preund, tons of soil
may also be vaporized and incorporated diretly into the fireball. Consider-
able amountg of the material sarried into the stem by npdraftz and after-
winds may also be incorporated into the fireball as vapor-or as malten or
solid pariieles. The condensation of particles oeeuvrs during the rise and
copling of the fireball. Ordiparily, the whole vizible elond is disperaed by
wind in less than an hour,

The condensation of wvaporized material in the fireball takes place in
reverse order of hoiling points {Triffit 1939, Since the amonnt of radioae-
tive material in the fireball is quite small in comparison to the amount of
other waterials, most of # condenses in or on particles of metal or woil which
are more gbundant. The first particles available for this purpose are prob-
ably metallie, These may serve as nuelel for the condensation of materisls
hariog lower beiling points, or they may ecllide with and be absorbed by
molten soil particles. In the eooler regions of the fireball, solid soil particles
may provide sorfaces for the soodensation or absorption of radisactive
materials (Miiler 1960).

The preeurscrs of some of the radionuclides in fallont are noble pases,
and these do not beeome associated with solid particles until aftar they have
deeayed to form a more active Rind of atom. This happens, for example, in
the case of Sre-90 which iz prodoced by the deeay of Kr-), Ag a recult of
thiz “izotopic fractionation” process, padionuclides having gaseons precur-
sors are more likely to be sssociated with relatively small partieles which
sre carried to the upper regions of the mushroom elond. Pacticlex formed in
this manner are likely to be more prevalent in worldwide then in loeal fall-
gut.

Pt
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Needless to zay, there are many possible variations on the themes out-
lined abowve, and fallont formation is tealy a eomplexs process which involves
the interaction of a great many variahle Factors. Factors such as kiloton
or megaton yield, kind of sopport, beight of Jdetonation above the surface,
angd kind of surfaee are all important in determining the kinds and amoonts
of materigl incorporated in the fireball, The kinds and rmounts of material
which take part in the process are important in determining the phyziesl
and chemical properties of the particles formed, And finally, properties sush
25 the size, shape, density, chemieal eomposition, solubility, and cadionuclide
content, of the particles formed are important in determining their initial
distribation and snbsequent ecologieal behavior in the bicsphere. To deter-
mine which of thess parameters are binlogicaily signifirant iz ome of the
major cbjestives of the study of fallout phenomenolozy.

FaALLOUT PATTERNS. Fallout ¢can be classtfied as ““ local, " ** tropospheric, ™'
or ‘‘stratospheric, 't Lweal Fallout is composed primarily of larper particles
which Lall, vsnally in & matter of hours, within a few hundred miles of
ground zero. The fine debris produeed by most detonations in the kiloton
range may remain suspended in the troposphere for a period of weeks or
monchs before it 15 removed by soime seavenping mechanism such as rain or
snow. The fioe debris produced by detonatwos in the megaton rapge is
carcied into the stratosphere where, o the absenes of weather, it may remain
for & perivd of months or ¥ears before reentering the troposphere. Both
tropospheric and stratospheric fallrat contribuote to *“world-wide® fallout,

1. Local fellowt. Local fallont can be defined as the fallout ceeurring in
arcas corresponding to & Fallout time of H + 12 houra {H + 12 hrs. = the 12
brs, immedialely after detonation). Most of the local fallout patterns pro-
duced by detonations at the Nevada Test Site (Pig. 2} bave been roughly
cigarshaped. In more or less " typical’’ patterna, the isedese contour for
10 mr/hr {millirpentgens per honr), as determined by ground and aeriai
surveys, has extended downwind from ground zeros for distances of 200-300
mjles. The lateral distaneces from the midline of fallout (the line of mazimum
radiation in the fallout path) te the T O nr/hr conteur have been on the
order of 1530 miles,

In most ceses, the isodose contours have been approtimalely concentric.
Qecasional het-spots have been foutid ( Larson ot al, 1360, but most of these
were small in area. Isedose conteurs of more than 1000 mr/hr ac 11 +12
hours have been measured near gronnd zeros, bat the areas se conlaminated
bave been small, and these levels of contamination persist for only a few
days or a few hours.

As indicated Ly isodose contours and by analvses of [allout collections
{ Baurmash ¢t al. 1958, Larson et al, 196¢, and Rainer et al. 1354), the unit
ares activity of loral fallont decreases {Table 8} with inereasing distznce
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from ground zeres and/or from midlines. Comcurrently, the percentage of
activity associated with partieles < &da {microns] and with particles < Ba
in digmeter show a marked inerepse,

For a given detonation, lbe percentage of theoretical fallont activity™®
associated with particles of < 44p is inversely related to the amount of
material incorporated in the fireball. Devices detonated as air drops at
sltitudes = 1500 feet have produced no detectabie fallout within 260 miles
of the Nevada Test Site, The local fallout From a ballooin-supported devige
whose fireball did net interseet the pround, aeconnted for ooly 0.2% of the
theoretical fallout activity produced by the detoration. For a similar bal-
locn-sepported deviee, whose firebgl] did intersect the ground, local fallout
avevunted for 2.12% of the theoretioz] total. Towersopported detonations,
with and witheut fireball.ground intersectivn, resulted in local falloot pat-.
terns vontaining 6.7°% aod 24.3% respectively of the total acrivity prodoced.

Of a2l the redicactive materjai prodoced by puclear detonations at the
Nevada Test Site, <7 23% of the total (and < 105 of the radicstrooliom}

Table G, Betz defewety of fallow! :n relabon 1o ulx parficle sure compogpd ot gad fis
Tance from grogd 2erd,

Milea from &5 12 20 48 &0 9 5
Particls Size {% of activity 1o particle m2e ranga)
< Ay 4.3 187 16.0 18.% 2040 .8
4485 1.8 F8.T 419 8 T7.2 il i -3 724
BE-115 1.8 &4 T0 1.3 Td 18
= 125 944 103 T a7 az 0.8
Total Fallout fActivity in pe/H2 ot H+12 hr
on Aol 4817 B0 533 200 184 160

Afler: Bauemash £t 2l {1958,

has been deposited xs local fallovt (Larson ot al. 1980). Progumably, the
remyainder has been available for lomg distanee transport and deposition
chiefly in areas to the east and noviheast of WNevada.

2. Tropospheric fallowi. The fine radivactive debris released to the tropa-
sphers in southern Nevada may be carcied by high-altitude winds across the
Tnited States and around che globe in & givdle ranging from 30° te §0°
north latitude, Swoe tropospheric debris has been observed to cireumnavi-
gate the globe in a pericd of from 4 to 7 weeks (Glasstone 1957 ). 3ome tropo-
spheric debris may be deposited by gravity fall, and some may be deposited
by impaction on vertieal surfaces, but the removal of the major part is
probably accomplished by rainfall and other forms of moisture precipita-
tion {Greenficld 1957).

Truring the 1937 test series in Nevadz, reinfall esst of the Rooky Moun-
tains contained considerable quantities of 1-12 dey-old fission produets. In

* Based on An ealimated gavuna activity ot TL#1 br of 3= 107 cories per kilotoo
of yield.
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many cases, single rainfzlls deposited 1-8 curies of hets activity per square
mile. On July & & 16, 1957, the rain falling on Jefferson City, Missonri con-
tained 7.6 ¢/mi* of fresh Rssion produet activity {U. 8. Atomic Energy
Comemiszion 19539b}. In the same yesr, increased levels of Sr-%0) were ob.
served in North Dakots milk {Pfeiffer 1958) and in Minnesota wheat ( Cas-
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DEGREES OF LATITUDE ,

{mﬁgji.g, 3. Millienties of Sc-20 deposited o soll at diferent latitudes, After Alexnuder
ter 13523}, and small quantities of fallout were detected on vegetation in New
England {Bormaun st al. 1958). Since thezse aroas are alss in the hand of
maximum world-wide fallou?, there is zome doubt as te what Ffrastion of
these inereases was due to tropospherie and what fraction to stratospheric
fatlont,

In genersl, these temporary, usually localized inereszes of anvivonmental
radiation anid of the radionuclide eontent of foods have not been regarded
ar partienlarly hazardous (U 8 Atomic Energy Cornmission 1959a) . They
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are ecologically interesting because they illusirate the operation of environ-
mental processes which may result in the coneentration of radingetivity in &
paritenler area of the hivsphers. A wore recent case of g dislanes, appar-
ently treposphevic fallont way illusirate this point even better,

On Beptember 10, 1961 two nuelear deviees were detonated at Novya
Zemlya in northern Russia. The air masses containing debris trom these
detonations traveled southward over Labrador and along the Atlantie Coast
of the United States, then westward, and finally northward into the Missis-
sippi drainage basin where it was deposited from eoid, descending air, The
radioiading content of milk vollected in St. Louis, Missouri on September

4. B
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Fig. 4, Rate of Sr-#0 deposition vn the United States based on average monthly
depasttion at 10 HARL solleetion statinna. A fter Keroda (1983,
20 was B0 puc/1 (micto-mierocuries per liter) ; on September 27 it was 500
s/l on Oetober €, 250 aue/1; and October 31, 80 upes1 { Dunning 1962,

2. Stratespheric follout. Except at extremely high latitudes, surface or
nenr surface detonations of less than 200 kilotons do not produes sufficient
thermal energy to carry significant quantities of radicactive debvis into
the stratospliere. Detonations of larger yields usually produce firebails which
penetrate the tropopause, and most of the fine debris produced by a nuelear
detonation in the megaton range is readily carried into the stratosphers,

The latitudinal distribution of Sr-90 {Fig. 3 indieates that gtratospharic
debris way be deposited in either hemisphere, but the greatest deposition
bas been in the northern hemisphere between 30° and 607 latitude (Alex.
ander et al. 19603, Also there is evidence (Fry and Kuroda 1959, Health
and Safety Laboratory 1958, anid Kureda et al. 1960 that the rate of fallout
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in the mid-latitndes of the porthern bemisphere is higher in late winter and
early spring than at any other time of year (Fig. 4.

Severy]l hypotheses have been offered to explain these latitadinal and
geszonal vartatione in the ameantz and rate of stratospherie Zallout but zev-
era! important jssues have not yet been resolved {Arvnold and Martell 1959,
Libby 1956a, 1956k, 1957, 1958, 1950, Machta 1359, Machta and List 1958a,
1956h, 1058 Martell and Drevinsky 1960, and Stewart =t al. 1557},

Estimates of the residence tune or effective half-life of radicactive debris
in the stratosphere have ranged from “a matter of months’™ (Martell and
Drevinsky 19600 to a3 mueh 3z 5 to L0 years (Libby 1356a). Apparently, the
residenee time and rate of stratospheric fellout are not uniform but tend 1o
decpease with deereasing altitude and with inereasing latitude of introdue-
tion, The rate of stratospherie fallout is highest for materials introduced in
the lowest part of the stratosphere at high latitudes and Yowest for materisls
introduced at higher altitudes near the equator,

In both the tropesphere and the stratosphere the transport of materials
is toward the northeast at mid-latitades and toward the southwest at higher
latitudes. In mid-latitudes, the transfer of the stratospheric materials into
the troposphere probably eceurs in the vicinity of the sebtropical jet stregm.
At high latitudes, this transfer oceurs in high pressure {anti-cyclone} areas
where there is a pronounced subsidence of stratospheric air during late
winter and arly spring. In hoth hemispheres the rate at which stratospherje
materials are removed from the trepusphere is closely related to precipitation
pattersis. The inter-letaispheriec exchange of atwospheric debris probably
cceurs in vonjunction with the seasonal, latitndinal migration of global high
and low pressure belts and thebr assoeiated wind systems.

The actual processes tnvolved in these exchanges between the stratosphers
and troposphere and Detween the northern and aouthern hemispheres are
Imperfectiy wnderstood. Studics now in progress may telp to resolve a vari-
ety of questions coneerning the mechyninoy of stratospheric and tropospherice
fallnat, but the solution of these problems will prolably be a erester hoan
to meteorolory than to radivecology,

The critical problems in radioscolegy are related to the measurable as-
pects of failour rate and the distribution of parceoler radionociides. The
radivouciides generally considered to be most important in the evaluation of
the potentinl biclogical hazards of world-wide falloat are C-14, Se-3 and Cs-
137. The C-14 produesd by nuclear detonations and sospended in the atma-
sphere as C'"0: may sventnally be distriboted oniformiy in the atmosphere
of both hemispherss. Moat of the S5r-90 and Cs-187 will probably be deposited
in the northern hemisphere between 30° and 607 latitnde.

A better understanding of the mechanizsms whieh determine the rate and
geogTephical disteibution of werld-wide fallout would be of particular velue
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in making long-term predictions of biospheric contamination. The proklems
of major coneern in radioecology are those dealing with the fate and bie-
jogical consequences of fallent materials after they are depusited in the bio-
sphere.

Movement of fallout materials in terrestrial ecosystems®. The fallout
in & given land area may be deposited direetly on soil, plants, or Animals
( Figure 3). These materials may be redistributed by enviconmental processes
and sor by prganisms, They becorne parts of the eeosystoms in which they are
deposited and may be inverporated in & varisty of Bogeachemical eyeles.

ATMOSPHERE ¥ X
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T PLANTS ANIMALS
h re
" 1] 1]
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4 R MAJOR

— - MINOR
Fig. 5. Pooerpal pathways of Falleut materala (ransfer 1n o termesthial woesystem.

Most of the current research effort in radicecology (ATRS 1962) is de-
voted 10 studies of the ceeurrence, redistribution, and cyeling of radionu-
elides in varions kinds of esecaystems. In connection with fallout, the general
objectives of these studies are: (a) to Jetermine the properiies and relative
distribution of fallout particles as they are inmitially depesited on soils,
plants, and animals, {b) 1o evaluate the bictic and ablotic factors which in-
fluence rates of radionuelide redistribution and eycling by different routes of
transfer. und {c) to develop and test mathematical meodels for predicting, on
the basis of data available immediately after contamination, the prebable

s wpny ares of uptore that ineludes livmog organisms nod noalwing substanees inter-

acting to produte an exvehaage of maverials between the Hving and the nonhviag packs
ig un ccologaral gysteps or ecospatemn.t Odum (1658},
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Future coneentrations of radiosneiides in or on soily, in or on plants, and in
various animal tissues and animal prodncts. The general purpose of such
stugies i to provide data and te develop coneepts which can be used in mak-
ing realistic quamtitative evaluations of the potential bivlogical hazards of
fallout under a wide variety of envirenmental circumstanses,

The preblem of evaluating Yolegical hazards due to environmental con-
tamination has been achitrarily but conveniently divided into two pacts
{Dunning and Hilkin 1956, Lindberg and Larson 1958). The ““acute’’ or
immediate and short-term hazands arising from environmental contamin-
tion by fallout are associated primarily with external emitters and second-
arily with internal smitters. The **e¢hronic'’ or long-term Lazards are asao-
ciated primarily with internal and secondurily with external entitters,

The exposire of plints and animals to inizing radigiion from external
emitters o a fallout rontaminated environment may be relatively high at the
time of falipot, but it usvally deereases in proportion to the radioactive deeay
of Assinn products, The early decay rate of mized fission produecis in fallout
debrix {c@. £ 9} approximates 8 10-fold deerease in activity for every 7 days
after cortamination. If the level of environmental cuntamioation at D+ 7
days (5 100%%, it wil! be approximately 109% at D - 14 days, LO% at D+ 21
days, and 0.2 at I+ 23 days.

This rapid, early decay rate of fresh Failout i= due to the predominaoes
of short-lived fission products. Henee, the avute of short-term biological
hazards of failout arve assoviated with: {a) the exposure of plants and ani-
mals to reiatively high levels of nizing radiation from external emitters
moast of which bave short radioactive haif-lives, and (b} the assimilation of
these short.lived isctopes by plants and animals.

The vhronie or long-term biokogieal hazarda of fallout zre assoristed with:
{a}) the eontinuing exposure of plants and anirals to low levels of jonizing
radiation from long-lived fimion producets which are trapped in the environ-
ment, (b the persistence of medium and long-lived radionuelides in plants
and znimals and especiadly in ar on soils, and (&) the continning availability
of radiennelides in or on the seil for the recontamination of plants and for
bingenrhemical exeling throogh vonsumer and devorposer fond rhains

INMIAL BISTRIBUTION OF FALLOUT PaRTICLES, The most important factors
whiclh influetee the Pormation, dispersal, and geographical distribution of
fallizat particles were described in prevediog sections. In studies of the oe-
curreénce, redistribution, and eyeling of fallout materizls, it is often necessary
to begin by determining the physical zad cliemical properties of fallont par-
tieles and their distribution to soil, plants, and animals in given areas.

1, 8o, The total amount and particle sizc composition of fallont de-
posited i different parts of a local fallout field can be estimated by asays
of fallout collected on trays of pelyethylence pellets {Romney et sl 195%)
placed, in open arcas, on the soil sncface. Unit ares soil samples can alse be
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used for this purpose, but the analvsis of data may be confounded by the
presence of natural rmdienoelides and of fission prodocts preswusly de-
poated on the sml

+= " -
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In wost local fallowt patterns, the unit area activity znd the mean
particie size of Fallout deposited on Fallogt collectors and for on seil surfaces
kave beenr found to decrease with increasiny distanee from ground zere and
with increasing time of falloui deposition. Concurrently, there is an increase
i the percentage of teial aetivity essociated with particles < g in diameter
{Tzble ). [n general, the radioactive materjals associated with smaller fall-
out particles are more readily seluble in distilled water and in dilute acid
than are lhose associated with larger fallout particles. As much as 0% of
the activity asscciated with fallout particles < 44p in digmeter may be
soluble on 0.1 N HCL. The loeal fallout from ballooo-supported detonation

Table 7. Soil nad plost coniamengiwn o ralafion to digfance froue ground zero and
the parficle gure conipoaiion of faflowt,

Detonation Apple 1I, 1953 Emaky, 1057
Milea frim Ground Zero 7 48 14 1az 205 25p
Miles from Midbine L 8 ad 1.5 0 3.5
Particle Sizo: (% of beta activity In size rhge)
< ddy 1 153 i 211 11.5 N8
Ad-88, 0.1 HAL 40 L1l 551 N3
RE,, 2 0] B25 4.3 .7 1.0 N
Fallout on {u v beta activity per pquare foot)
Holl 2070 ik [/ 0 5 135 &5
Fallout oo Flants: (u ¢ bata activity on plants per £ of a0dl)
Ral Cover® 225 402 125 NAJ N5 NS
Fhoat™ 4.14 13,09 1.16 N& N N
AlFglfa¥* NS NE& NS %) e LR
Mixed grosses®? i N3 NE NE& 5.4 45
% Intarception by Plants: {#oil actitity /plant activity = 10403
Fed Clover 11 .6 I.E:l HE N3 HB
Whent 20 oAt 580 N& NH NH
Alfnlin Na N3 K& £.03 H& 1174
Mixed grozses Ng N& NE NS5 375 522

* Grown an #0df Aats and preloented on D-1 dey,
** Collected from farma in falloot pran,
NE8=No aumple.

After: Romaey et al, (1963).

has been found ( Larson et al. 1960) tg be composed primarily of =7 44, par-
ticles, and this size fraction was found to contain relatively higher soncen-
trations of Sr-39, 91-90, Y-91, Ro-106, and Ba-140 but less Zr-55 and Ce-144
than larger size fractions.

2, Plants. Btudies of scil, plant, and animal conismination were made
during Operation Teapot in 1855 {Lindberg ¢t al. 145%) and during Opera-
tien Plumbbob in 1957 (Larson et al. 1967). The results of the plant con-
tamination stndies have been summarized recently by Romuey ef i, {1562).
Their swnmary is briefly reviewed below.

It has been established by antoradiographic and mieroscapic ezaminaticus
of foliage exposed 1o fallout that leaves 1n general are selective collectors
of falleut particles < 100y in diameter. Tallies of the size and number of
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rudiosctive particles per unit ares of leaf sorface have indicated that most
of the particles retained by foliage are < #Ha io diameter and Lave a mean
diameter of aboot 20 a. Leaves having sticky or hairy sarfaces retain more
particles per unit ares than dir leaves having smosth or waxy surfaces.

As indicated by Figure § amil Table 7, the best corcelationa between fall-
ont and plant activity have been obtained by comparing the activity of fall-
out < 44y wich the pross activity of plants, Both the totat and the percentage
of [allout intercepted by vegetation tend to vary in relation to the mechanical
distribution of fallowt particles < 44u in Jdiameter.

The perventape of fallout intercepted by a aoit aree of vesetation, eg.,
by the clover ar wheat growing on a square fout of soil sorface fends to
ibcrease with increasing distance from ground zerc and increasing time of
depusition, In a givern fallout pattern, the maxinum contsmiination of vega-
tation usually ocenrs in areas where the toral fallout accivity per unit area is
moderately high, and a relatively large percentaze of the total activity Is
azzociated with particles < ddu or <7 88y in diameter. Depending on the
conditiens of detonation and the particle size composition of [allont, maxi-
mum plant contamination may gccar in aceas close to ground zora o7 at dis-
tances of from 30 to several hundred milea from ground zero.

8, dnfmals. The external contamination on the skin and pelts of small
mamntnals collected from 24 to 48 hours after failout has been observed to
aceount for 927% to 62% of the total beta activity associsted with those ani-
malz | Lindberg et al. 1859). Egperimental studies (Taplin et al. 1957) bave
inclicated that some soimal contamination may vesult from the inbalation
of racdioaetive particles and aeroscls. Field studies ai the Nevada Test Bite
{Lindberg et al. 1854, 1359) have indicated that the average activity of
Innyg tissues {ollowing falleut iz rarely more than two vr three fimes normal,

4. dcufe vs. ehrenie crposure. For both the plants and the animals living
in a fallout-contaminated environment, maxinim eXposure to external emit-
ters oventrs &t or abent the time of fallout deposition aiod then ditninishes in
aveordance with the decay rate of mixed fesion products. Io a general
way, the sente phase of plant contamination eoinecides with the period that
fellont materials are retamed on foliage aind.‘or assimilated by foliar absorp.
tion. In desert eoogvstems, this period is probably less than a year and may
be =aid to end with the Lloss of sontaminated foliage. I the case of animals,
the acate phzse of exposure to inereased jonizing radiation may be said to
last a5 long as the exposure to external emitters and/or the total hody con-
tent of mixed fission produsts iz mure than twice the pre-vontamination levels
of cxpogure.

Admittedly, these oriteria ace acbitrary, but they should be useful in
distingnizshing between: (a} the shori-term hiolopgical hazards amociated
with relatively Ligh léevels of exposure to cxternal sinitters or to internal
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d that most emitters which have short half-lives and (b} 1he long-tern hazards associated
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BHORT-TEEM ASPECTS OF REDISTRIBUTION AND cyCLivg, I, Sedl. Fallont par-
ticles deposited on the surfzee of bare sandy soil or degert pavement may be
redistributed by wind or water. In somc situations {Bellamy et al. 19459}
etosional proeesses may resalt in the coneentration of radicactive materials
on surfaces of deposition. Detailed studies made during and following Oper-
ation Plombhoh {Larson et gl 1%6 1) provided no evidence to support & gen-
eral hypothesis of fallout dilution by erogion or conecntiation by deposition.
The results of thege studies indieate that the surface materials in small
study areas (100 ft.x 100 fr.) were shifted about in & random fashion so
that the variebility of sacface contamination was inereascd, but mean values
showed no significant change. For periods of 1 10 § yoers, the average fis-ion
product activity of bare svil surfaces remained higher than that of surfaces
surl as dunelets under shrubs and alight depressions in the desert paveinent
on which ereded materials were deposited.

Of the airborne materials which were redistributed doring the dret three
weeks after fallone 9.7% to 219 of the total was eomposed of particles from
44p to 984 in diameter, and 68.3% to 85.4% of the total was eanpesed of
particles < 44u in diameter, F'rom I + 2 10 D .1 16 daye there was a steady de-
crease in the amount of redistributed Fallout, A severe rain storm on P+ 17
reanlted in the redistribution of particles <7 100u **in guantitics alroost as
high as the original levels of contamination'” { Larsom et gl 196 7).

Bioce the levels of soil contamination € months after fallowt were con-
siztent with predictions based on the decas ratc of mized fission products,
it serms reasonable to conclude that redistribution had no cffect on average,
unit-arca levels of environmental contanination. The local fallont deposited
in 8 given area seemed to be mechanically trapped in the soil; and in spite
of wind and rain action, the amount of fallout debris avaitalie for redistribu-
tien tended to decrease with time.

5 Plonfs The lass of radigoetivity from plants directly contaminated by
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eral applicability of sueh vhservations has not been determined. Field studies
based ¢n the seria] measurement of radicactivity on fallont contaminated
plants {Larson et al. 1967), have indicated that the decline of activity
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ox plants daring a perind of three weeks following contamination was par-
allel to the beta decay of < 44 fallont particles®

Under faverable eonditions, some of the water soluble material deposited
on leaves may be azsimilated by foliar absorption. Russel] ot sb (19335, 1839)
and Buzsell and Posgingham (19581 veporting on fallout studies mada in
Anstralia and in the United Kingdon, have indicated that vonsidacable
quantities of water soluble fssion products may be retained by foliar ab-
soprpticn, Since there have been no direct observations of Foliar absorption
of fallout originating from detonations at the Nevade Test Bire {Romney
et al. 1062) we may suppose that feliar absorption i3 prabably niore sig-
pificant in homid grassland or pasture regions than in arid grassland o
desepb-shrigh vegions.

4. Animals, The possible modes of fission product ingestion by hevbivores
are: (a) ingestion of fallout contaminated plants, {b} ingestion of fallout

Tahle B, Average beta activiiy 14 Hasnes of jock rabbids sertallp eolfected frowm ax
area cortamixated by fallowi from the Neveda Text Site® (80 milos from Growad dero),

Time of
Colleetion, Average beta activity sztrapolated to time of sarepling and
Days after sxpopaed a3 puefg fresh tiswye
Contaminalion Lung v 20 Liver Kidoey Muache Bone
2 114 15,30 817 6y fitir dad
3 il 4,350 £90 B 26 103
16 a w6 21 18 10 i)
o 1 G 3 2 3 F3
Background ** 1 ) 1 1 1 2

*After: Lindberg et al. {L95%),

** Brged on animals éollected before contzmination.

Erom the pelt during preening, (¢} aceidental ingestion of vontaminated seil
while digging or feeding, and (d) swallowing of material cleared from the
Inngs and nasopharynx, During the ficst few weeks after fallout, the corre-
lation bhetween the artivity of planis and that of the gat contents of herbi.
vores iz usnally quite eloge, anid the other thres possible modss of ingestion
are prohehly of minor significance,

The maximnm concentration of mixed fssion prodects in the tiganes of
herbivores living in fallowt ecwtaminated enviconments oecors wsually
within a few daye after fallout. The total body borden of internal beta
emitters then deerenses (Figure T) in proportion to the decreased activity
of forage plantz, and this may approximate the eate of mixed fission pred-
tet deciy.

* Btudiea completed after thin papsr was writtan (Marfin 1963 194} laye shewp
that the sffestive half-lives of radionucitdes on falloat-tontaminated plants are signif
cantly shorter than thejr respective radicactive half-lives, and lonsen jn exeess of radio-
agtive decay have heen nitribored primarily to wind acotion,
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Fig. & Concenkrotion of rodiciedine in the thyroids of kongarso rots and jack rab-
bite lving in falloct contaminated areps 12 1o 160 milas from prodnd 2éro. Frim Lind-
borg of al. {1858,

Tablz 8 illnstrates the persistence of mixed fission product activities in
the tigemes of jack rabbits Living in o fallout costantinated enviromment.
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fn this 2nd in other contaminated areas which were serially sampled, the
averame tissue buirdens 7 months after failout were slightly higher than pre-
enntamingtinn background levels Durving the same period of time, the con-
centration of radiostrontinm in the bones of animals living in contamingted
environments may have invereased from two to five funes the background
vonventration,

RESICUAL ENVIRONMENTAL COMTAMINATION @ MA/HR EET#-G#HM.&D
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Fig. i0. Radiosirontivm in bones of jaek rbbrim collected & moutha after falloot
1 midhne areas 20 to 425 miles from groond 2éro. From Landberg et ol (19507,

In general, the radicactivity of animal tissues collected a few days after
fallout {Figure 8} decreases with mereasing distance from ground zero. In
two cases (Figare %) the thyreid activity of kangaroo rats and jack rabbits
was found to be higher at a distance of 60 miles from ground zero than at
distapnces of cither 12 or 160 miles. Six months after fallout (Figure 107,
the maximum ceocentration of radicstrontivm in the bones of jack rabbits
was found to oceur at a distance of 130 mijes from ground zero. The con-
centration of Br-%) in the bones of animals collected at a distanee of more



|¥oL, 31

sampled, the
her than pre-
ime, the ron-
‘nnkaminated

backprround

A =GAMMA

1 TILNA

*
400

after fallout
{1850},
¢ days after
hd 2ere. In
jack rabbits
ek than at
Figure 144,
jack rabhbits
a. The con-
we of more

1868] YARTIN : RADHECOLOGE AN STUDY OF ENVIRONMENTAL RADIATION 300

tham 400 miles from ground zero wus not significantly lower than that of
animals collected at a distance of 200 miles, but it was somewhat hirher than
that of animals cotlected at a distance of only 50 niles from ground zers.

4. Drscussion, These resulis provide evidence that the amoant of fission
product activity deposited on plants in different parts of a local Fallout feld
i independent of total falloul deposited on soil but is closely related to the
distribution of particles < 44p in diameter. The assimilation of mized fssion
products by herbiverons natimals liviog in fallout conteminated environ-
ments is closely related to the ingestion of fallout contaminated plants.
Conseguently, the imtake of radicactive debris by herbivores s also imde-
pendent (at least during the first few months after fallout) of total fallout
activity and soil contamination; but i§ 13 closely related (o plant contamina-
tien, and therefore dependent oo the distribution of < 4dp fallout pacticles.

The disiribution of a specific isotope is apparently dependent on the
physical and cliemical properties of its precursers and theic behavior daring
particle furmation and dispersal. The distributivn patterns of radiciedine
and radiostrentium, as indicated by their acewmulation in the thyreids and
skeletons of herbivores, appear to be similar and to cvorrespoud approki-
mately to the distribution of the relatively small particles retained by
folisgre. The differences between radiciodine and radicstrentium distribu-
tigpn patterns may be related to differences in the baif-lives of their pre-
cursors anad in the height at which they become associated with pacticles in
the rising Breball or stem of the mushroom cloud,

LONG-TERM ASFECTS OF REDISTRIBUTION ANp ovolina, 1. Sail. Followiog
the loss and peplacement of contaminsted folinge and the decay of ahort-
lived fission products to an insignjBeant level of activity, most of the me-
diwn- snd long-lived fission prodoets in a fallout contaminated ceosystem
will be found un or it the seil. The soil acts as a flssion produet reservoir
and provides a continning, wsually low level, souree of tonizing radiation
te which plants and animals may be exposed either externally or interpally
or hoth, As mentioned eaclice, the redistributivn of external emitters by
envirenmental processes tends to dimminish with time.

In wndisturbed seils, the devwnward movement of fallout materials de-
posited on the surface may be accomplizhed by the leaching and percolating
action of rain water. This » a relatively slow process, and most of the
activity deposited on undisturbed desert soils may remaio, for a matter of
yeats, in the upper one or two inches of the soil profile. Most of the radio-
activity of soils contaminated by fallout from the first atemic bomb explosion
was found, after 9 years, to be confined to the upper 2 inches. In leaching
experinents nsing water equivalent to 34 inches of rainfall only a fraetioo
of the activity from these materials was displaced dewnward, and the maxi-
mum displacement was anly 0.5 of an inch (Olafson et al. 1957), Similarly,
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most of the Sr-90 deposited by tropospheric and stratospherie fallovt tends
to remain in the apper 2 inches of undisturbed forest seils {Alexander

et al. 1960},

2 Plgnts. Most of the fission product in the upper few inches of fallont
cotttaniinnted seil is probably not available t¢ deep-revced plants, bus the
preliminary resnlts of experiments now in progress {Rompey et al. 1962}
seeny to indicate that such materials may be readily available Lo plants auch
as wheat which have "*[eeder’’ roots near the surface. This possibility is
espevially inleresting because many desert plants and a variety of cultivated
plants bave root systems of this sort.

Tl availability of radionuelides in falloul eontaminated seils for uptake
by the root systems of plants 8 depeodent gpon an impressive array of
biclogical and environmental factors (Hope 1959, Hansen et al. 1959, Menzel
1959, 1960, Nishita et al. 19607, Aside from the physical and chemical prop-
erties of the fallont and its distribution in and on the soil, most of these
factors are direetly or indirectly related to the composition of the soil solu.
tion {Hansen et al. 1859}, and/or to various aspects of plant metabolism
{Hope 19593, While it is not within the scope of this paper to diseuss all of
these factors, it is well worth noting that che best eriterion of availability i3
aciual upiake by plants.

Experimentai studies have shown that the amount of radicactive material
absorbied by the root srseems of crop plants way vary considergbly in rela-
tion to: the kinds and concentrations of radionuelides in the soil, the plivaical
and chemical properties of differcot seil types, and the awe and species of
the plams congidered { Nishita et al. 1960, After a series, of stodies con-
cerning the upteke of fAusion prodoets by various erop planis from & variety
of anil types contaninated by fallowt materials, Nishita et al. (19600 re-
ported that, “ The total opiake of fission prodocts expressed as 8 prreent
of total residuoal activily in the soil at harvest time ranged feom ¢ to 0067 .7

When solutions of radionunelides are added to seoil, a larger percentage
of the total activity may be removed by plants, Menzel {1959) has reported
that fromm 05% to 3% of the Sc-00 added 1o soil a5 a =olution may be re.
moved by a single erop of piants. Comparable figures for Ba.-140 are 0.025%
te D257 ; but generally less than 015 of the Cs-137, Rn-106, and {p-134
added to 50il ag 8 solotion can ke remaved by a single crop of plants. Snb-
sequent erops remove smaller frections of the residual activity,

In spite of variations related to scil type, speeics, and stage of develop-
ment, the relative order in which mmajor fission produets are abeorbed by
oot systemns froan fallont eontaminated soils is consistently as foilows: Sr.89
St = 1W18E > Ba-l40 > Cs-137 &> Ru-Td > Ce.ldd (Nishit: et al.
19641, The respective half-lives of these fission produets are: 53 days, 28
years, 804 days, 1285 days, 33 years, 1 year, and 282 days.
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The distribution of mized Bssion prodoet astivity in the above ground
parts of plants proon on fallout contaminated soils i alse relatively con-
gistent. The concentration of setivity 3z geneeally greater in leaves than in
stems and muel: greater in stems in either froits or seeds (Nishia et al.
15607,

The uptake of fssion products fram enltivated soils van be modified by
the addition of fertilizers, orpanic matter, ete.; but acecording to Menzel
{1959}, **The effeets of amendnients on availability of Sr-00 in the soil 4re
rather small. Additions of lime, gypsum, fertilizers. or organic matier in
practical doses vsually reduces uptzke by less than half. . . . The optimum
use of seil amendments for maximum erop production may often esineida
with their optimwmn use for the reduction of S¢-90 aplake. Amendments
may have larzer offcets on the availability of other fsion prodnets such
a5 Ru-106, ('s-137, and Ce-144, but these fission products are normally less
of a hazard than Sr-H."

Tabla 9, Se-8it 1n the bonrd of jock rebDifs HummgT i da aves sonfadt{yared™ py fallouf
{ca. W00 mo from Groxad Jero),

Thate of Ar Toika** Thate of ar Units
Colleetions in Bone Collestion in Bona
Bept, 3, 1437 agre- Julr 1958 19.4
Sapt. 3, 1957 237 Aug. 1950 200
Bept. &, 1957 26.5 Muy 1540 19.3
Sapt. 13, 1957 250 May 1961 100

* Fullook occurred om Ang, 3L. 1957,
=22 d S Brdlrg Oo

"** Precontamination devel was en. 20 &r oonits.

After: Meel & Lorson {1061},

J. Animals. Studies made during the Upshot /Knoothole, Teapot, and
Flumbbob Test Series (Lindberg et al. 1454, 1958, Largon st al. 1967 have
provided a considerable amount of data eonceening the hisiogical avail-
ability and zecumulation of Se20 by smal! maminals living in areas eon-
taminated by fallont Ffram the Nevada Test Sive. The sigmificant results of
these studies have been summarized by Neel snid Lareom (1961} and by
Larson et gl. (1960, 1962},

Table ? provides data which illnstrate the acenmnlation and persistence
of Be0 in the banes of Jack rabhits { Lepur caltforniens) Living in 2 falloat
conteminated environment, The bones of enimals calleeted in this ares prior
to its contamination by fallout on Avgust 51, 1957 contained Sr-%0 eguiva-
lant to an average of 20.6 Br Units {Br Unit = 2.2 d/m Se-20/ 2 Ca}, and the
Se.90 level in seil was about 65 mo/mi?.

The maxinam level of Sr-90 in the banes of jack rabbits (26.8 Br Units)
securred about 10 days after fallout, and a comparable level (12,3 3r Toits)
was maintained for about 3 vears. Seil samplex collects] in 1958 and 1959
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kad essentially the same average 3c-90 content {eq. 100 me/ml?) as samples
cllected in 1957 immediately after comamination,

Of the 43 animals coilected one year after falloot (19587, the bone ash
of 41 contained Sc-90 eguivalent to > 10 Sc Units. Of the 53 animals col-
Yevred 3.7 years after fallemt (12613, the bone ash of 3% vontained Br-29
eyuivalent to < 10 Sr Units, and only 14 coptained Sc-30 equivalent to > 10
&r Units. All the 1961 animals found to have higher levels of Sc-30 in their
bones were judged, on the hasis of weight, to be members of the older age
groups Binee the average life-span of jack rabbits is about 3.2 years, the
older animals eollecied o 1261 could have been present duriog the flrst
year after fallout. Ofost of the animals collected in 1958 probably were
Dresentt ac the time of Fallout.

Tobla 10. #r-83 n jagk rebbus gad acls of areas confpnmated by Falloud fram the

Nevada Test SHe®, B
il Sr Thit in Br 80 pue madd in Boils
ilea
frow T2 IM;::::W' Tatal®= Aad Percent
Boloble"** Boluble
=1 a4 M4 BS0 e
2 212 LEE] 55 62
133 als 142 18 ;3.0
4 133 41 By Xl
200 124 E 15 503
L] 203 a7 43 718

* Samphes collected in 1958,
** Bamed ¢n soedium carbonste fumon method of analyag

*** Bosed on extrostion with & N H{l

After: Larson ob al (1562),

Table 14 illustrates the relationship hatween Spe-20 in the soila of areas
conteminated by failout from the Nevada Test Site and the concentration of
Sr-00 in the bones of jack rabbits living in those areas. As indicated by these
data. the highest levels of Se-20 in rabbit popnlations are associated with
higher concentrations of Br-M) in soils, but the relationship iz not linear.
Loype increases in the total or aeid soloble 5280 content of =oils may he
apcompanicd by relatively small inereases in the Sr-90 content of jack rabhit
hone ssh.

4. Dizergsion. While the resulis of these and similar studies in other
areas close to the Nevade Test Site are not conelusise, they may be explained
in relation to the following observations,

Buoth solubility and particle size have heen sngrested (Bryvant et al. 1960,
Lindbers et al. 195%) as indices of the “hiological avalability"' of Sc-90
fzllout, The ' availability** of Br-90 to the animals living in a fallout con-
taminated area depends on *‘availability ' for ingestion and on *fzvailabil-
ity for assimilation'” during its passage through the ont. It has been dem-
omstrated that Sr-M) iz associated primarily with fallout particles < Hp
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in Qiaeneter {Larson et al. 1960), that plants are selective collectors of
< 4dp particies (Romoey et al. 1%62a}, and that the solubility of fallout
partivies in 0.1 B HCI tends to inerease with decreasing particle size i Lar-
son et al. 106%, Lindberp et al. 1954, 1959},

During the first few weelks after fallout, the jack rabbits living in a
contaminated environinent feed on vegotation containimg relatively large
amonnts of Sr-% which can be asamilated and deposited i bones, The
period of maximum assimiilation of Sr-00 by jack rabbits probably eeineides
with the period that Fallout perticles are retained by plant [eliage, After
the less of externally contaminated foliage, the Sr-20 content of desert plants
iz probably quite low. External contamination by redistribued fallout debris
iz negligible, and the uptlake of Sc-90 by desert shrubs from contaminated
50il has never been demonstrated (Larson et al 19621, Probably, the avail-
ability of S5r-20 for ingestion by jack rabbits is greatly redueed during the
first vear after Fallout.

If the average life.span of jack rabbits is 3.2 years, the pepnlation 3.7
years after fallout should he composed largely of individuals born more
than § months after fallont, Most of the Sr-M) assimilated hy these animals
(assuniing ne Parther depositation of fallout op wegetstion) is probably
derived from soil materials accidentally ingested while feeding or while
preening after dost baths, or from plants contaminated by world.wide fall-
out or other means.

The maintenance of relatively high Sr-%) levels in a jack rabhit popula-
tion for 2 period of 2 to 3 years after fellont seems to indicate either a
stezdy.state condition in which input (assimilation) 8 approximately egaal
to ootpuat (exeretion) or else a condition in which both are negligible, In
the casa deseribed abowe, a moderateiy high inpot value eould have been
meintained by stratospheric falleot from previous detonations of high yield.

Aveording to this rather specnlative hypothesis, the 3r-90 level in o jack
rabhit popnletion sampled 4 to 5 years after 4 single contaminating event
shomld be relatively elose to equilibrinm. Also, the level at which this egnilib-
rium is established should be related to the amount of biolopically available
Se-00 in the soil. But, a non-linear relationship between the Sc-90 content
of jack rabbit hones and the Se-90 content of soif {(total and acid soluble)
might indieate that the rate of steatospheric fallont is more impartent in
determining the rate of 3r-90 assimilation by jack rabbits than either the
total or the poteatially available Sr-84 in or on the soil.

Ecoroaicar Mopgts, I, Hieriminetion Foelors, Btrontiwm 90 and caleinm
are chemsically similar and wmay follow the same routes of transfer in an
seosystem. According to Langham and Anderson (1338, 1850y, there i3 little
or no ddiscriwination between S5¢-30 and Ca in the transfer from soil to
wants, He, the SrH)/Ca ratio in plants divided by the Sr20,/Csa ratio io
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soils (= DF ) may vary frem 3.8 to 1.0 In the Food-chain cransfer from plaat
to vow to milk, the discrimination factor (DF.) has been estimated as 0,13,
The discrimination factor for the transfer from plants to bone (DF,) and
that for transfer from milk to bone (DF,) have both been estbuated as 0.25.

It 3% of the caleitun in the diet of & human papulatien (eg., the popu-
lation of the United States} s derived from milk and 205 is derived from
other sonrces, the overali diserimination factor in going from soil to bone
(OFboersn) = (DB <DF,xDF;=DF, + (0.2=xDF«DF,} = (0.3x10
%013 % 0.23) = (0.2 x 1.0 % 0.25) = (,053 and indieates an equilibriwm 30-20/
'a rarip equal to 387 of the Sr-9%0/Ca ratio in soil or plants.

IT the averape conventrations of available Sc-00 and Ca in soils are known,
this modeal can be used to predict the specific Se-90 activity of Ca deposited
in the skeleton during a given period of envivonmental eontanination. Allow.
ancss for distary diferences van be made by nsing a menerzl expression,
ORpnerwit = (M 2025 + {Rex0.25), in which My and By are the fractions
of dietary Ca derived from dairy products and from other sources, Tespes-
tively.

The admitted defeets af this medal are that it makes no allowance for
direct Foliar contamination snd assumes that hoth Sef0 and Ca are unl-
formly mixed in the plow zone of eoltivated spils. Models of this sort are
usefal far predicting squilibrinm o steadystate concentratiens of radio-
fsotnpes in eeosvstems which bhave been coniaminated by fallout but are
receiving no new Rdditiong fron senress ontside the system

2. Propartionqlily Consfonds for Prediction of Sr in Hwiman Diel. The
Healil and Safely Laboeatory (HASL) of the U, 5. Atomic Energy Comumis-
sien, the U, 3. Public Health Servive and many ether ageocies in the Tnited
States and throwwhout the world have wstablished wonitering programs to
measire the levels of Sr-90 jo soils, in milk and sther human fosds, and in
fallont—especially the fallout deposited in rwin and snow. 1t is reverally
arreed that the amount of Jc-90 in or on plants, in the diet and bones of
deaoestic animals and in the diet and bones of human popnlations may vary
from place to place in relation to: {a) the total {or available} conceotra.
tion of Sc-20 in soil and (b the rate of Sr-%0 deposition in world-wide fail-
out.

Knapp (1961} in the United States and Kulp ot al. (19607 have studied
the data derived from mouitoring prograons, and they have proposed em-
piriral formualas to account for the observed levels of Sr-20 in haman diets
and heman bones snd te prediet the foture levels of dietary and assimilated
8r-H). The forrula proposed by Knapp to aeeoont Eor the Sr.80 in U, 8. milk
puprHies is based oo empirically derived proporticnality constants and seeras
to fit the available data.
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Average Sr-00

" Average Sr-30 | Average dr-H =
in U. 5. milk, 1 in U. 8. seil, deposition for ,
expressed ay ] expressed as +2.6 E::E ;gnm .
el me,/mi* mem_l ;

Avcording to estimates based on this formula, 515 to 83% of the Sr-90
in U. 8 milk (an sverage of 697%) during 1958 was derived from soil, and
the remeining 17% to 49% {an aversge of 31%) was derived from world-
wide fallout. Burton et al. (1960) hawve reported that 205 of the Sc.90 in
milk produced in the United Kingdom during 1958 was derived from soil
deposits and 3055 from fresh fallout. The differsnce between Koapp’s inter-
pretation of Sr-30 levels in 7. 8. milk and Burton et al.’s interpretation of
dazta collected in the United Kingdom have nat been explained, but it seems
quite likely that a reasonable explanation of these differences could be found
by making detailed studies and comparisons of the Sr-90 fallout and its
eycling in representative pasinre eeosvstems io the two countries,

The formula suilined below is similar to thoge proposed by Knapp (1961)
and by Langham and Anderson (1939) and bas been used by Dunping
(2962} to prediet the maximom possible levels of 8e-20 in U, 5. milk and in
the total diet of people living in the 1T, 8. The avil and fallout levels used
for this parpose are based on the prediction that falloot from the 1961 test
series in Russia will raise the average coneentration of 3r-90 in T 3. soils
from ghont 80 to ahout 125 me,/mi®,

According to Thinning [1962)

C= aT + bR, where:

C = concentration (8r Thits) in diet

T = lotal deposition (me/mid = 125}

R = rate of Se-00 LBallont (e midsyr = 45)
a & b= propottionality comstants -

For U, & milk :8=01 & k=04

For total diet :a=015& b=02

By caleulation, C= (0.1 1253 + (0.2« 45% = 21.5 3r Units in milk; and
O {015x 1257 + {02 x 45) = 36.95 Sr Unitz in the total diet of people living
in the U. 8. during 1962. Beeause the formula assurmes that 1007 of the
fallont on the U 8, will oeeur in one jear, these estimates a™e probably too
high.

Ecologieal models of the kind deseribed abovoe are particularly vseful in
helping to evaluate, on & nation-wide or world-wide seals, the petential short-
and long-term hazards of falloat to huwnan populations. They provide a basis
for predicting Futvre levels of particular fission produets in human popala-
tions and in parts of the food-chains leading to man.
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The problem of developing mathematical models to describe and predict
the concentration of a given radionuelide in a partivular ecnsystem is pechaps
too complex to be solved by the spplication of simple, erupineal, or deter-
ministic proporticnality constants. A major source of the complexity of this
problem is the wide variability of radionuclide concentrations in the hictie
and abiotic tomponents of & given ecosystem. Geographic variability may be
EVEN, FEFeRCEL,

3. Other Determnistic Models, In the case of short-lived radionoelides
snch ax [-131, & deterministie model may be adequate for quantitative stud-
iez during the acuie phase of envirnomental eontamioation. French (1158}
has vmed such 3 model to aeconnt For the acitvity of jack rabbit thyroids

' . folluwing a single release of radioledine. The fortmula used by French is ay
LT ' Follaws

- [ =tAp _ & AL

- - Hl ———e
. e A=-Ix¥ x( ey )
" P A - astivity in thyToids

' o I = total I.131 ingested on first day
: ) F = fraction of 1-131 reaching thyroid
Ag = effective 1.131 deeay constent in jack rabbits
A, = physical decay constant for 1131

e = 27183

t=time

If'A°" ja known, 1" can be sstimated by transposition ; and this value
can be interpreted &s an estimate of plaot contamination, but there are sexv-
eral possible sourees of error. Freneh found that F waried From 15% in the
sAmmet to 29°% in the winter while ap varied from 633/1.5 in winter o
B232.5 in somreer. This model essumes that the Jogs of 1-151 getivity from
plants iz equal to the physical deeay ronstant (4,), but Chamberlain {1958}
has reported that the lows of radioiodine from planis may ocour at a greater

. rate, 1t is prasible, therefore, that some sxpression should be ineladed in the
! formula te aceount for this spuree of variability.*

d. The Need for Stochastic Models, Mathematical modeals for longer-lived
jsotopes require expressions to accounr for an even greater variety of vari-
ables. In eonsidering the eireulation of radiostrontinm, for exampie, in a
simple desert ecosystem, it wouid be necessary to consider seversl iaput and
several ontput factors for each of the major abiotiz and bietie components
of the system {Fig. 5). To aceount for the radicstrontiom in or on plants
{= animal diets) the inpuot factors wonld be related o fallont (external de.

i L oo . h * Htudiem eompleted mines this paper was writien {Turper and Martin 1963, 19654}
- . hove uged fsld data to teat thiz model; and the opnlel haa been rewritten, In stochastie

farm, to ehtimate the frequeney (Qistribuetion of “A” besed on lisvited, random variations
in the other parnmeters,
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position} and to soil contamination {root absorption). The output expres.
sions would have to account for physical deeay, loss of particles dus to the
mechanical action of wind and raio, less of contaminated foliage by leaf fall,
ond loss of fuliage to berbivorous animals, Simifar input and cutpuat expres-
stois would have 1o be applied 10 all the interral parts of ihe system (e.g
atmasphere, soil, plants, animals, and decomposers). Even then a determin-
istic model wonid be ne more than an appeoximation of its ecosystem analog ;
but soeoessively oloser approximations could he obtained by the inelusgion of
expressions to aecount for seasomal chanpes in ecosystemn dynamies, for
species differenves, and for other sipnificant rate-determuining parameters,
To aceount for the variability normally encountersd in nature and 1o
facilitate the comparison of radionuelides eycling in stmilar and dissimilar
ecasyratens under different conditions of contamination, deterministie modals
might profitably be rewritten in a stochaslic (= probabilistic ) form and pro-
grammed for analysis by analog or digital computers, This approach as taken
by Olson {1961), and perhaps by others unknown to the writer, seems to be
representative of the curcent frontiers In radivecological rescareh concerning
the pevnrrence, redistribution, and cycliog of radionuelides in the bicaphere.

Evaluation of potential biological hazards related to fallout. The sei-
entifiv literaturs in whieh various estimates of the biological vost of radio-
active Fallont have been presented is quite formidable both in size and di-
veruity. It is wot within the seope of this paper te review the literature deal
ing with the problems of fallout hazarda to man, but it doss seem appropriate
to conclude with & few general remarks concerning the nature of the problem
and the kinds of evidence which are available to those whe are attempting
to solve it

Plants, aninais and people have always been exposed to jonizing radia-
tion in their natnral enviconments, Beeause of variations in the distribution
of vesmie radiation and the radionuclides which oesnr nateraliy in the atino-
sphere, lithosphere, and hydrosphere, organising in eertain habitats, espe-
cially at higher elevations, have normally been exposed to radiation doses
at least 3 times as high a8 the average for the biosphere. The avarage world-
wide iperesases in backgronnd radiation ay a reselt of fallont has basy pon-
siderably less than this normal variation {Larson et al. 19627, The merveased
exposure of orgenisms to radiation from Asvion produets mayr also be rather
sinall in relation to natural sourees of Intertial radiation. Milk, for exzample,
which vontained 3 to 12 ga ¢/ of Br-00 tn 1961 also vontained 800 to 1400
pa 241 of K-10_ { Consumers Union 13621,

*The net result of fallont, ' gecorditg to Langham and Anderson (1855},
““haz been a smell inerease in the radiation background to which life is ex-
posed. The problem of evaluating the potential hazard of world-wide Fallout
then bevomes one of trying to ascertait 1he magnitnde and significance of
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this increase io the background dose with rexard to its potencial effect on
man’s kealth and well-being, "'

The most pessinaistic estimates of the potential effects of Fallout on bunan
populations have been based on the statistical probability that small in-
creasies in exposure to radiation may tesult in a shortening of the average
life-span or in the ineressed locidence of detrimental gene mutaticns, leu-
kemia, and bone tumors. Even a small inerease in the invidence of detrimen-
tal renetic or sgmatke effects, may iovolve a large nomber of individuals. In
the present world population, an overgl) lnerease of one leukemis case per
millivn people would Involve approximately (1= 10-%) = (3 = 10"} = 0 peo-
ple; but, For obvicus reasons, inereases of this magnitude are excremely difhi-
cult to detect.

Most of our knowledge of the specific biolorical effects of ionizing radia-
tion have been derived from experiments in which animals (or plants) were
exposed (o relatively high levels of irradiation. Most of the detrimental ef-
feets of radiation are known te ocrur spontaneonsly, and the experimeater
ust rely on statistical tests to measure differences between the spontaneous
and the sxperimentally induced ineidence of such effects. In order to obtain
statistically valid results at low levels of radiation ezposure, it would be
necersary 1o use very large nuwmbers of organiuna. In practice it is wsually
expedient to vse higher levels of radiation exposure and smailer numbers of
organisms.

Mnst of our knoewledge of the effects of onizing radistion on people has
been derived From elinieal studies in which groaps of individoals who had
been exposed, cecupationally, to higher than average doses of radiation were
compared to similar groups of people who had not been exposed to higher
than averape doses of radiation. It has been demonstrated statistically, for
example, that radiviogists have a shorter average life-span than vther physi-
cians [Advisery Conunittee on Biolopy and Medicine 19537,

Our direct evidense of the biolwzical effecta of fallont on buman popula-
tiong iz meager and hasg been derived from stodies made after aceidents such
a5 the Windseale incident In Great Britain (Chamberlain 1958), the Lucky
Draron incident and the contamination of the Rondelapp Tslands in 1554
{Cohn et al. 1960), During the several vest series at the Nevada Test Hite,
there have been g few reports of soperfivial cadistion borns on cattle, but
there have been ng observations of detrimentsl radiation efects on oative
plants (Special Bubeommities on Radiation 835th Congress 1957) or animais
{ Libby 1956a}.

Because of the paucity of direet evideace, mmost attempts to evaluate the
potential hazards of falloul to man have been based on extrapolations from
experimental and clinical evidence, In most cases this invoives extrapolation
from aninlals to man or from high to low levels of exposure to radiation or
both,

Aeeording to the Advisory Commities ¢n Biclogy and Medicine (1238],
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estimates of the polential genetic effects of fallout are probaldy more teliable
than esthnates of potential somatic efects. If there is no threshold for the
induetion of mutations by ionizing radistion, any ineeesase in the exposure
of prametes to radiation will resuit in an inerease in the mumber of matant
renes; od the incidence of mutations will be proportional to the amount of
radiation received by pametss, [n this situation, it is a relatively simple mat-
tee to extrepelate From higher to lower levels of pametic cxposure 1o ionizing
radiation.

Extrapolations from clinical and experinental evidence of somatic effects
are pften vonfounded amd made unceliable by & varciely of unvertaintivs, For
example, the mechanisms by which ivnizing rediation may canse leukenia or
bone tumors or reault in the shortening of human life are not ciearly under-
gtood. In mont cases, the possibilicy that radiatien below some critieal thres-
hold may prodace no inerease in the ineidence of 4 given somatic effect ean
neither be affirmed nor denied,

According to Dunhan (1958}, ' Atomie energy like the other greot tech-
nologicsl advances is bound to exect some price of the society which makes
nse of it whether in peaceful pursuits or in its national defepse effort. Oure
present knowledge of the hazards of radiation though incomplete i= creater
thar fur auy other envirenmental hazard. It is for the radiobiclogist to con-
tinue to Jeflne the vost in more and more precise terins while it i= up to
soeiety to decide whether the price is acceptable, and if the answer is in the
affirmative, it must make certaip that Lhe cost is kept at & minimum."'

Radicecology can contribute to the solution of these problems by eon-
tinuing to study the fate of fission products in the biosphere, and by the
estahlishment of long-term ecological studies to determine the consequences,
if any, of the vhronic exposure of plant and animal populaiions znd eom-
runities in theic natural environments to low levelz of ionizing radiation
from cxternal and internal sourecs. Ptudies of the former kind have been
described in this paper. Some long-term ceological studies have slready been
inaugurated { Welfe PH61) bt significant results from these studics may not
be forth«eming for 10, 20 oy 50 vears.

In order to gain o thorough understanding of the long-term effects of
fallout and other sources of ionizing radiation on the biosphere, it would be
desirable, as suon as poessible, to begin contioming studics of fondamental
ecology end radiation effeets in every major part of the biosphers. Accord-
ing to Wolfe (1561), the acolagical eifects of increased environmental radia-
tion are not known. **Nor can they be determined by experiment alone, nor
by considering only a single souree of increased radistion, sach as fallout.
Dwetermination of the total impact of this facter en man's biotie environment,
and the evolation of living organisms therein, is a continuing problem, " It
is this problem, snd its many camifications, that justifies the deseription of
radivecology a3 zn application of fundamental biclogy to the peeds of man.
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Radicnuclide Coscenirations in
Swriace Airr INrect Relationship
to Glohal Fallout

Abstract, By refating the averape
montfdy hemizpheric concentrations of
radfionuclides fw the surface air io e
rrenghly  hemispheric falfone of these
neclides, we have derfred proportion-
ity consrants, Faor every divinlegration
per mimite of o radioaciive muclide per
Iy cnbic meters of He surface air
in the Northern Hemisphere, 3.3 kilo-
citrics of that nuclide wifl be depesiied
on the surface; in the Southern Hemi-
sphere, 5.0 kilocuries will depesds for
every disistegration pey miniitd per 1000
coiic meters. On e baviv of Hhese
factors, the glohal deposition of radics
nuclides con be emimared from o relo-
fively smafl auwmber of RCAIRIEMIERIS
of ihe radioactivity in the surfoce afr.

Using data obeamed in two U5, AEC
Health and Szfety Laboralory {HASL)
sampling programs, we report here on
an attempt © relate the concentration
of strontium-%0 in samples of surface
air to the deposition of 8" on a world-
wide scale. Since the beginmning of
1963, HASL has been condusting mea-
surements of the monthly concentra-
tions of selected radionuclides in sur-
face air (J) at about 25 stations, mosE-
Iy along the 80th meridian manging in
Patitde  from  Thule. Cesenland. at
about 76*N to the South Pole. Like-
wite, the monthly deposilion of S
has Been measured since (959 ab more
than 1040 sites (2, ).

If we assume that the concentration
of a noclide in surface air is directly
propactional o the amount of that
nuclide deposited on the surface of the
earth, the following equation may be
written:

D.=XC. in
where B iz cthe deposition {in kilo-
curiesh of a nuclide on the earth's suy-
{ace during month », X s a constant
which relates the concentration of (hat
nuclide in the surface air to its deposi-
tion. and O, is the average concentra-
tion of that puclide in sorface air in
disintegralions per mirume per 10
standard eubic meters (disintegraiions
per miRwle per OO0 m*1 during month
# {ealowlated by weighting the congen-
irations measured jn each 10° band of
latilwde aecording to the surface arca
of that latshwde bamd).

Thiv equation alws  awsumes  That,
within vich hemisphere. (he tropospherc
is repidhy mized longtudinally, amd,

therefore, that the sampling stations
far the surface aif ate representutive
of their respective hands of latitude.
Because the rate of interhemispheric
exchange of tropospheric ait is relu-
tivelvy slow (&), wg consider the hemi-
spheres 10 be campletely insulated (rarn
tach vther, and scparatc equaiions are
writien for cach.

iF we sybstitute the measired month.
Iy hemispherio depositions of Sr™ and
the averige monthly hemixpheric con-
centrztions of SF™ in serface air ik
Eq. 1. the valuc of the constants in
both the Monhern angd Southern hemi-
spheres cam bhe computed for each
month in the period 196) throwugh
1967, The constants average 33 = 0.7
ikc per disintegration per minute per
[} m* in ke Northern Hemisphero
and 50 =07 ke per disintegration
per minute per |03 m? jn the South-
ern Hemisphere, Thus, for every dis-
infegration per minute of Sr™ per 1300
m? of surface aic in the Norhem
Hemisphere, 3.3 ke will be deposited
on the surface of that hemisphere; sim-
ilarly, for every disintegration per min-
ute of Sr™ per 1000 m? of surfacc
air in the Southern Hemisphere, 5.0 kc
will be depozited.

The mornthly vaims of X' in each
hemisphere exhibit s=asonal variahility,
It peneral, it appears that the ratioc of
the deposition of a cadionuelids to its
concentration in surface air is lower in
both hemisphere:s during the se2asons
of maximn Ealfout, the spring and
winter. Becawse of this seasonal varl-
ability, deposition estimates for indij-
vidual months may be in error by abou

Tabde 1. Measured (MY and oslltnaled (E3
depogilion: of S (in Ellocuries).

Morhern Souihem

raar Hemisphare Hemilsphers

W E M E
5 1] T6M T4 e Hdd
19464 166 nEx 435 426
1045 TH RN 154 1u
1966 ERL 1R 108 Lt
1967 &% 14% 114 115

1568 190 151 50 10

Table 2, Woarldwide deperation of Pu™ from
a SMAPSA powor spurce {in kilocunies ],

Source of dais

v Strate-
war Mewaured spheric Surface
depositian depletion ait
(1 A
1947 412 51 57
1964 A0

13 L3




30 percent however, eshimates 51 An-
nusl deposstion are not affected

The two comstants, X, and A, are
probably not the same= value, be-
cause their averages, each based upon
6 indvidual moathly detcrmmations,
are not within one siandard deviation
The significance of the difference 13 not
immeadiately anirbutahle © any partic-
ular metecrological phenomenon, al-
though ot 5 itnigang o speculate on
the poswible contributions from the rel-
ative aregas of zea m the two hemu-
spheres and from interhemysphernc
teansfer iy the troposphere

Urng the derived hemusphens con-
gtants and the mexsured concentralions
of S5r*™ o surface ar for the pered
from 1963 through 19468, we calgulated
the annual S¢ deposion These esti-
mated deposihon values are cempared
with the measured value: m Table 1
The apréement 15 reasomably  good
espacizlly m the most recent years Al-
though the relatively large devration for
1263 and 1964 maght suggest that X
vares with the ape of debrs, there 1z
no evidence of such a varmahon i 1947
and 1968 when the French and Chanese
atmosphenc tests ogcurred and mmost
of the deposited radiwonuchides wers
“fresh ™

This methad of computing fallout
from measured corcentrghions of Sré®
m surface awr should be appheable to
all matenals dispersed hike 517 in the
ammosphere The only other radwonu-
chde whose fallout we could venfy with
deposition  measnrements was Py
which was dissemunated dunng the re-
entry and burnup of 3 SNAP-9A {Sys-
terns for Muoclear Auxihary Power)
power soarce on a weather satellite {5)
The estimates of plotomom-238 deposi-
ton For 1967 and 1968 are shown in
Table 2, along with the measured val-
ues &) and values derived from the
annual deplenon of the stratosphetic
reservolr extrapotated o the end of
1968 (7)) Uocfortunately. the data on
Pu™ in surface amwr poor o 1967 are
not relable, and comparisons with early

Reprined from SCIENCE,
|7 Crtober 1969 wolume 166, pages 1714 377

deposiion measurements conld not be
made The ¢stimated »alues are 1o good
agreement with (he meosured values
trom 1967 and 1568
I appean iheretore. that the annuat
depoation of a nuchde can he accuratc-
Iv calculated from average monthly
hemmphene conceniranons of that nu-
clde w surtuee wr The wgmficance of
this relationsbip between the concen-
tration of o rachonichde in surfzee air
and jte corvespondmg Ealtowr lies 0
the relanve simphery of surface ar
sampling and the sensnvity of the es-
istmg system  If we can make world-
wide estimates of fallout with accept-
gble accuracy, based simply vpon a
hmited number of measurements of
tadwnoclides mr surface arr, we can
cffect subsiantial savings n both pme
and funds Further refinement of ths
relayonship o smaller specific geo-
graphic areas should make possible
estimates of local deposihon and may
lead w a greater understanding of
hermispherse  diferences  In  addition,
the posstbitily of estimating the world-
widc contamunanon from pollutants dis-
persed m a manner similar 10 that of
global fallout 13 of great value
MICHAEL. T KLEINMaN
HERRERT 1 VoLcHok
Health and Sofery Loborgiory,
U3 Arompc Energy Computtion,
Mew Ford New York 1004

Eslfrramcan

I H L Wolchok MNarure TN 498 (19657 H
L Volchok and M T Kkinman 5 Ar
Lneryy Comr Rep (FASL 2 [ Lanuary P95
p 1T L3 Ar Enerpn Cowrmr Rem HASL
7 fApr! 1 p C1 H L Vaolchok
L X dr Ewerey Comm Rep HASL i (haly
e, p 12

i H L Yolehwok and P W Kroy § Geophys
Rer T 20 (IMTY

I H L Volthok US di Enrrgy Commm Rrp
HASL 200 iOcioher 196K @ T2

4 D H Prron ad B 5 Cembray  Naturg
116 1T (1%

i1 H Hakey U3 4 Emsrpy Counm  Rap
HASL 19 (October 1904 pp  138-L41

i H L Volchok U5 Aar Ewergr Comm Rep
HASL 207 iaprl 15

T K Tekpadas V5 4df Enerpy Comm Rep
HASL ¥ {January 19690 p I3, perscaal
O C AL

15 lune P69

copyrgm @ 1952 by he
hmercan Atsocubon for the Advancentent of Science



ﬁrnmf— . P -]

LEEE s - R

#HL-60-5

ﬁmmrrluweﬂ » STRONTIUM-89, PLUTONIUM-Z39,
R PLUTONIUM-238 CONCENTRATION IN GROUND
LEVEL AIR FROM 1964 TO 1949

Northeastern Radiological Health Loboratory
Winchester, Massachusetts

BUREAU OF RADIOLOGICAL HEAELTH
PUBLIC HEALTH SERVICE

&



NERHL-69-5

‘STRONTIUM-90, STRONTIUM-89, PLUTONIU-239,
i AND PLUTONIUM-2383 CONCENTRATION IN GROUND
LEVEL AIR FROM 1964 TO 1969

by

B. Shiedien, J. 4. Cochran, and P. J. Magnoe

Bortheastern Radiclogical Health laboratory
10% Holron Street
Winchester, Hassachusetts 01890

Bureau of Radiological Health
Public Health Service
U. 5. Department of Health, Education and Welifare




-

I'El

sk Bl wr -_— - —_— el =

STRONTIUM~90, STRONTTIIM-B89, PLUTONIUM-239, AND PLUTOUIUM-233
CONCENTRATICNS IN GROLND LEVEL ATR FROM 1964 rn 1060

1 TRODUCTION

The radicnuclides strontium-90, stroncium-89, plutunium-zaﬂt, and plutonium-238
are preaent in the atmosphers as the result of nuclear weapous tests. In the
case of plutoniwum-238, ia addicion to the above source, an Injection of this
radlionuclide into the atmosphere took place In April 1964 when 17 kilocurles
of plutonium~238, contained in a SHAP-OA power source, burned wup scuth of the
gquater off the coast of Africa.{l) Information on airborne strontium and
plotonfum isotopes iz of interest {n evaluating the potential heelth hazards
of thase materials and in investigating the trangport processes involved.
tnalysis of ground level airborne particulace aamples for the radionuclides
pf strontium has been performed at the Northeastern Radlclegical lHealth
Laboratory (NERHL)} since October 1963, For the plutonium isotopes, radlo-
chemical and alpha apectroscoplc analysis has been done since May 1965,
Results of these analyses to April 1966 (for stroatim-90) and t?ZFﬁyruary
1467 {for the plutonium isataopea} have been previcusly reported, ™?

Extensive measurementa of these radionuclides in alr pareiculates and pre-
cipitation have been perfarmed by the Health and Safetg Laboratory (HASL)

of the Atomic Energy Commlission For asewveral y&ars.(ﬁtS In addicdon, the
Joint Nuclear Ressarch Center, ISPRA Establishment, Italy, has published
data on SHAP-9A plutuniuu-ZSB.(ﬁ}

This paper presents results on ground level alrborne concentrations of

the above radionuclides from che inception of the sempling and analysis

pregram at NERHL t¢ Harch 1%26%. A recent assassment of deases From these radio-
nucliden, based on the concentratlons presented in this paper, indicares that

only an infiniteaimal portion of the total atrontium—20 dose to hone 12 due

to inhalation of airborme material. On the other hand, the dose from plutonium-239
to the tracheobronchial lymph nodes was reported to be 160 millirem dn 50 vears,
second In magnitude only to the dose from strontium-930 (from ingestion)to the beneg.
The dose from plutaﬁ}m—ziﬁ to this lymphatic clasus was about one—quarter of thae
from pletenium-239, In this publication attenticn will be glven to the orlgin
of these radionuclides and to the contribution of varicus atmespheric nuclear tests
and tha burnup of the SHAP-2A satellite co the total quantity of the radionuclides
préasnt in ground level air, A sumpary of reported atmoapheric datnnatin?g or
vents which pecurred during the period of this atudy iz given in Table 1, }

METHODOLDGY

Homthly compoaits particulate samples, represanting 12,000 270f alr, ave collected
on 8' X 10" nemwbrans filters (pore gize 0.3 wmicron at a height of one meter above
the ground. The samplas are wet ashed with a mixturs of nitrie and perchlorie
22idg. The aample is split into two parts for radiochemical analyaia.

* The energles of the alphs particles from plutenium-23 and plutonium-240 are
nat sufficiently different to he separated by alphe apectrescopy. Therefore,
when plutonium-239 is referred to in thie report, it ia meant to repressnt the
8 of the activities of plutonium—23% and plutondwm-240.

L.
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one-half the sample is analyzed for strontimm~%0 and strontium-89 as follows:
gerontiim carrier is added and cthe strontium is precipitated from the samples
first as the carbonate then as the nitrate. Further purificarion is made by
barium chromate precipitation and hydroxide scavenging. After an ingrowth
pericd, yttrium carrier is added and the yterium is exeracted into TTA
(2-thenclytrifluoroacecate) at pH = 5.0 The yttrium is stripped from the

TTA with dilute nitric acid, precipitarted as the oxalate and beta counced for
yeerium~90. The strontium is precipitated as the carbonace and beca coumted

for total radlo-strontium. The stronptium—8% activity 1s calculared from the
total radio=-atrontium measurement after corrececion for the strontiuwn-2{3 content.

analyslie of the other half of the sample for the plutoniwm isotopes is hriefly
described below: FPluronium-236 tracer la added, the plutonium reducad to the
+3 state and co-precipitated with lanthamum Fluoride. The lanthanum fluaride
is converted fo lanthanum hydroxide, dissclved in 7.2 M nitrie acid and the
plutonium oxidized to the +4 scate. The solution is passed owver an anion
exchange tesin in the nitrate form. The tesin s washed with addicional nitric
acid and then wich 9 M hydrochleric acid., The plutonium Lz then eluted from
the resin with a mixture of (.36 M hydrochloric acid and 0.01 H hydrofluaric
acld, #lectroplated onte a stainless steel planchet from a sulfurle acid=ammonium
sulface electrolyte, and counted with a 2ilicon surface barrier deractor linked
to a myltichannel analyzer. With the sample electroplated onte a 3.1 cm? area,
the counting efficiency is ~31% and the resolution 73 KeV.

The minimum detectahble quantitias are .10 fCifm3, 0.40 £Ci/m?, and 0.003 fCij"m3
for strontiun-90, strontium-89% and the plutonium lsctopes reapectively, The
maximum 2¢ counting errer for the strontlum-90 1s 25 percent of the reported valus,
although in the majority of cases the 2o coumting error Is approximately 10
percent of the reporcted value. The corvesponding values for strontiuwm-89% are
about twice as high. The waximum 2¢ counting errors are 50 percent and 67 percent
zf the repoarted values for plutonium~23% and plutoniw—238 reapectively, but are
appraciably lower as the resulcs increase above the minimunm detectable lavels.

RESULTS AND DISCUSSIONS

The results of strontium-90 analyses of ground level airborne particulates from
monthly composite samples are presented kn Pigure L. Difficultles in sampling

and apnalysis caused the loss of two samples (October 1963 and August 1967), and
during a change over in persounel responaible for collection and analysia of the
data, several months of ambilguous data {September, October, Hovember, and
Decenber 1967} occurred. Figure 1 1lluscvates the sxpected spring maximym which
cecurs each year and which appears to be extremely reproducible {n terms of time
of appearance, A line {so0lid} indicating the expected apring maximum highs, based

an the stromtium-50 cnncantf3§iona in the spting of 1964 and a etratoapheric residepce

of half-time of ten months, is shown, The expected scrontium-9C¢ curve (dashed),
hzving the shape of the 1964 curve because ne fresh tatrusion of material occurred
uwntil the end of that yeayr, ia also shown. The difference in the expected and
actual curves indicates atrontiun-9%0 of post 1963 origin was present.
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+ double peak 1n strontium-30 levels appears in 1965, Alchough not apparent

from thig study othexr Investigators have noted the presence of fresh fission
products during August 1968 and atcribute cthe rise in radioa?iﬁyity ta the

rapid movement of debris from the French teses in July 196C. Strontium-320
1avels in the latter part of 1968 would be elevated if such an intrusion oeccurred.

crrontium—39 concentrations are shewm Io Table 2. Strontiuwn-352 values are
indicated only in months where the levels of this radionuclide ware above tha
minimal decectable level., All the appearances of stroncium-87 followad Chineso
atmospheriec tescs. This fact, regether with Informarion that, axcept in the
case noted abowe, French tests were nof measurable 1097 latitudE(II nng Ehat
the reported yields of veleases ar NTS were low and of a limited nature J ’
appears to make the Chinece detenatfons the prineipal source of increases above
the expected strontiwm-90 levels,

The econtribution of strontium=-90 from a particular test may be ezcimaced Erom

the strontium=89 ko scrontium--90 ratla. These escimates are ?1%? presented in
Table 2. The theoretical ratios ara for uranimm-235 figsion. ¢l In most cases,
the contribution of strontium—%0 ground level alr from a recent nuclear tezt

nased on the strontium-8% ratios, appaars te be of rrospheric origin. Howewver,
the scrontiom-89 to strontium-%0 ratio fnllowing the fifth Chinese rest appears

to be Lnfleanced by the presence of srrontlum-3% of scratospheric origin beginning
in March of 19%67.

Early low yield tests contributed only small amaunts to ground level strontlum=30
concentrations. The fifth Chinese test (Dacembar 27, 1366) appears to have
contribured a subscantial gquancity of strontium-30. There was no evidence of

a fresh strontiwm-90 intruzion following the sixth Chinese test (hme 17, 1967},
although complete data are not avallable. For the two months following the

test, for which results were available, there was no fadication of elevared
strontium-89 lewvels, Data from HASL alse indicate the rhzence af stronc{um-39
from this test.*“‘]'i

From the differences in preoiected and actual lavels of strontium-20, an

estimate of the strontium-9%0 from atmospheric testing after 1%62 can be made.
Tabla 3 presents the mean predicted (based on a L0-month residence half-time

and the mean 1964 reaults) and measured atrontlunr90 concentrations In growmd
leval air. Because of the magnitude of errors in analyses, 1t is belleved

that only the wvalues for 1968 are truly algniflcant, although a gradual incressing
trend in newly injected atrontium=%0 since 1965 1s indicated. In 1968, 62 petcent
of the total ground level strontium-%0 was due to poet-1963 tests. HASL escimateas
that &7 percent of t?fﬁfutal reservolr of atrontlum-92 {n L9685 could be attributed
to post-1963 debris,

Concentrations of plutanium-239 in ground level air particulates are presented

in Pigure 2, The pattern of minlmums and maximums 1s simllar to those for
adtrontium—%). The same limitacions (sample loss and ambiguity) hold as for the

JFU—

®
It has been suggested thar this device exploded ar a comparative low altitude
(14 km), but that the bulk of the debrls was carried to a high altitude by
the rising fire-ball, (13) )

3.
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stpontium-90 data. The average vatie of plutonium-239 to strontium-90 for the
puriod May 1965 through February 1968 was 0.017 with a Zorange of * 0.009.
there 18 a gradual rise In this ratic following this peried, the average value
helng J.028 from itlarech 19463 to March 1969. This incregse in the plutnnium-zjg
ro strentium-9J ratio is attributed co the sixth, sevench and eighth Chinese
teste, which were reported to be high yield events.

Me ratio of plutoniom-238 to plutoniwn-239 remained relatively constant at
J. 24 2 .02 from May 1945 te %Sly 1966. A change in the vatio was faicly
evident at MEBHL in nid-1366¢ This chatge In ratio indicated g new sgpurce
of plutonium-238 other than that vhieh was previously present. Other Lpvesti-
gators announced this change in %1 tonlum-238 te plutonium-23% racic sorswhat
garlier in June and July of 1966 i , the coneclusion being that ShaP-04
rlutonium-~-2133 had reached ground lewel in the Lerthern lemisthere.

Figure 3 is 2 plet of the SUAP-2A plutenium-23E concemtratioms in ground

level air based on the above ratic of plutonium isotopes prier to influx of the
satellite debris. The dip in levels in May of 1Y63 appears te ba an anomaly.
e levels aof SLHAP-94 plutonium-238 are slightly elevated over the 1947

levels. ‘Thig elevation is anTE}Ed, based on prior predicrions of increasing
rlutonium=-238 ievels in 13GH. 4 comparison of the predicted resules, the
reported resulks at ISTPRA, and KERHL results is presented in Tahle 4. The
~oRUL results (3-month averpges) are somewhat lower than the predictions.

SLIGIARY

data haye heen presented on the concentrationsg of sorontiom-90, plutonium-239,
and plutoniwm=238 in ground lewvel alr perticulates. From these data, the
tollowing obsarvations may be made:

1. The Chinese atmospheric nuclear tests appear to have contrihuted the
majoricy of the influx of fresh strontium=20 in pround level air
napticulatas.

2. It is estimared that in 1968 approximately &0 percent of the stront{um-90)
present in ground level air is of post-1961 origin.

3. The ratio of plutonium=-73% to strontium=-90 Is zomewhat elewvated since
early 1968 due to recent Chinese atmospheric tests.

4, The levels of SHAP-94 plutonium-238 debris in grownd level air are
somevhat lower than had been predicred.

&
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DaLc

October 16, 1964
May 14, 19635

Nlay 9, 1966

July 2, 1966

July 1%, 1966
september 24, 1966
October &, 1966
getober 27, 1966
December 28, 1966
June 5, 19617

June 17, 1967
Jue 27, 1967
July 3, 1967
Decenber 24, 1967
July 7, 15968

July 15, 1968
August 3, 1968
Auguszt 24, 1968
September 9, 1963
Decenber 28, 1968

TABLE 1

Souros

Chinese
Chinsaea
Chinese
French
French
French
French
Chinese
Chinese
French
Chinese
French
Franch
Chinege
French
French
Prench
Franch
Franch
Chineze

REPORTED ATMOSPHERIC DETONATIONS(8)

(1st)
{2nd)
{3rd)

(4th)
(5th)
{fth)

{Tth)

{8th}

Comments

Lw!‘*
Lowr

Intarmediate 200 KT

70-80 KT

120 KT

150 KT

Intarmediate 200-370 KT
Low-Tntarmedfate 20-200 KT
Few humdred kilctons

Liar

2

MT

Loy
Loy

Megaton HRanpge

533

585

*% Lass ehan 20 BT




pesa i3
i 9, 1966}

ese #4
W27, 1968)

Wwae #5
o 27, 10566)

e ¢

117,1967) July zample lose

Ba #7
24,1947

STRONTIUM-89 CORCENTRATIONS
OF FRESE STRONTIIM-90 FROM

Sample
Collecced
Moneh and
Year

Hov. 1964
bae,
Jan, 1965

Juna 1365
July

.:\I.I.E ust
Sept,

June 12686
July
August
Sept.

Hov., 19564
Deg.

Jan, 1947
Fek,
Harch
April

Hay

June

TARLE 2

AND CONTRIBUTION
ATMOSPHERIC TESTS

No evidence of 995,

or analycical ambiguities

Jan, 1958
Feh,
Marsh
Apri]l

May

June

Fab. 1949

Bsr Time .
Concentration Elapsad 895y J Sp Qﬂsr

{£C1/m=) Since 12

Tese{days} Theoretical(lZ} Meazured From Test(
10 + 3* 30 111 1.6 1.5
ND &0 74 MO -
16 = 3 91 49 0.8 1.8
5F.9 = 2.7 i 111 2.9 2.5
28.2 = 2.8 & 7h 1.7 2.3

2.4 1.1 97 39 0.3 0.8

1.5 ¢ 1,2 120 33 0.4 1.2
13.1 t 2.8 a7 100 1.8 1.2
10,4 + 1.7 67 67 2.2 1.3

4.3 =008 108 18 1.7 4.5

1.8 3.7 139 25 0.9 3.8
18,7 ¢ 1.7 19 129 8.5 .6

5.5 * 0.8 49 &6 5.3 6.2
11.% + 1.2 19 129 7.0 5.4
15.5 = 1.1 49 86 5.3 6.2
2¥.4 1.4 g1 55 9.9 18
3.7 2 1.8 i12 35 8.5 23
14.0 = 1.8 142 24 4.5 19

53 +0.9 122 16 2.0 13

in August or September 1967,
snd September through December sampling
occurred,

6.5 * 0.6 22 124 5.8 4.7
18.3 + 1.1 53 81 1.2 1]
14,8 & 1.1 8L 55 5.1 9.3
13,1 1.1 111 36 .4 9.5

3.1 +0.7 141 24 1.3 5.5

2.9 0.7 in i1 0.9 5.6

2,3 20.5 48 &7 2.2 2.5




TABLE 1

ESTIMATED CONTRIBUTION OF POST-1963
TESTS TO 05y

Estimated
Contxibutlon

Mean 30se (foL/m3) Post-1963
Year Predictad Meazured Teats (%)
1964 24.1" 26.1 _—
1265 0.5 11.3 7
 RESAY 4.6 4.5 _—
1367 2.0 2, 3% 15
1963 0.9 2.4 62
*
cifredizted value based ou measured results for 1964,

Ho data for July, October, Hovember, and Decerber.
TARLE &
SHAF-0& PLUTONIUM 1IN GROUND
LEVEL ALR (fCi/w3)

Date Predictad ISPRA WERHL
Januvary 1966 0.011 0,001 -—
July 1966 0.013 0,003 -—
January 1967 0.015 0,005 0.004
July 1967 0.016 0,015 0.011
January 1968 0.017 0.012 a.0L4
July 1968 0.018 ——— 001G
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