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‘ MEASUREMENT OF STRONTIUM-90

. IN GEOPHYSICAL AND BIOLOGICAL MATERIALS
410457

The properties that make strontiun-90

the nuclides foxmed in the fission process

BEST COPY AVAILABLE

the nest hazzudous of

are its long half-life

(28 years) end its chanicel similarity to calcium. Because of its

resemblmce to calcium, Sr–90 nay be assimilated by biological

processes. If strontium is ingested by human beings in food or

%-=.t(?rjit lfill ~epositj lfie calcimJ h ‘he ‘ke~eton”

Investigation of the potential hazard from contw.ination of

soils ad the biological food chains by Sr-90 began very early in

the United States atomic energy progran. The first studies, as-

sociated with the wrtti-e weapons-development program, vere theo-

retical and were designed to identify the principsl parameters vllich

ii-lfluencethe long-range effects of nuclear detonations. It W2S

cle.z~,fror the start, that studies of redio?.ctivefzllout, and of

the ultimate f~te of SXU90 in wrti~~=, ~o~d reci~z’e‘]leap-

plication of kno}:ledgefrom a wide assortment of the physicel and

biolo~ical sciences. Tne initial theoretical studies prorlted z

veludle be.sisfor the expeti!e.ntelapproach to the problei:that

beceme possible vith the pro~~=.s of weepons testin~ that beg~

in 1948 end F-:vecmltinued inter.itiently to the nresent tin:.e.
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The Sr-90 studies have increasti h scope and complexity, and the

overall program has, for some ye=s, been global.in extent, involving

physicsl, chemicel, and hiologicsl investigations on land, in the oceans,

end in the sir. Known as Project Sunshine and directed at a full under-

standing of the physical and biological behatior of the Sr-90 produced

in nucle= detonations, these studies are concerned with an unpreced-

ented variety of scientific questions. From th@ Stmdpotit of its

vast geographic dimensions and the vsxkty of scientific mechanisms

involved in the investigation, Project Wnshhe rivals the most compre-

hensive scientific studies ever undertaken.

The factors that fifluence the behatiar .of &–90 be@.n in the

complex physics and chemis~ of the fireball and themushroom-shaped

cloud which fores after a nuclear detonatio~ The height of the burst

above ground, the natnme of the terrain, and the particle size of the

soil and debris sucked into the fireball, all influence

pztterno

When the psrticles descmd to the earthts surface,

the fallout

they leave the

domain of the meteorologist and become involved in the physics, chemistry,

and biology of the soil. HOW soluble is the Sr-90 in fsllout? kes it

leach fmm the soil? At vhat rate is it incorporated into plants, and

how can this rate be expressti quantitatively as a function of type

of soil and type of phmt? These sre a few of the questions that have

been studied in tracing the Sr-90 into the first of the biological

links in .&e food ch.ah.betwean soil W. man- The answers to these

end many more questions have.be= obtsined by many investigators wor’king

h ;sny labaatiies throughout the country.
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Frcm its formation in a nucle~ detonation until it is metabolized

by man, the path of e Sr-90 atom is long and tortuous. Understanding

of its route has ccxnefmm studies which know none of the bounds of my

one of the conventional scientific disciplines. The phencxnenologyof

Sr-90 in fsllout can be described only h the combined lan~ges of all

the principsl combined scimces: geophysics, physical.chemistry, bio-

physics, end biological chemistry. Samples ere collected throughout

the world for Sr-90 snslyses. Many of these are sent to the united

States for analyses, but others, in increasing numbers, are =sJ-Yzed
%

in the laboratories of other lands by tie many scientists whcse data,

like our own, are routinely submitted to the United Nations Committee

on the Effects of P.adiatione

Monitoring for radiostrontium can be divided conveniently into

studies of its geophysical and biological distribution. Under the

fomer classification me collected those samples which give us an

understanding of the behetior of rcdiostrcntium from its fcr.=tion in

the fireball to its deposition on the s~~fece of the earth -d in-

. co~oration into soils. The biological studies trace the movenents of

Sr-90 from the soils snd waters through the flora and fauna of the ‘

oceas, pastures, and farm, to the skeleton of man. A surm~ of the

AEC sampling progrsm is given in Table I.

Sampling for Geophysical Distribution

Except for immediate fsllout in the =ea of detonation, the

originalfission products are injected ti.tothe troposphere cr strato-

sphere end are geographicfly distribtied by the tinds. PEdioEctive

meterisls =re brought down to the surface by precipitation~ sett~igg>

an~ to a lesser- extent, @ air turbulence.

$-l!
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It is desirable h xneasurethe rate of fallout, its accumulation,

and the atmospheric reservoir of material yet to be deposited on earth’s

surface. The samples currently taken for this program include soils,

sea water, collections of fallout in open pots and.on gummed film, and

collections of atmospheric dust on filters.

soils

A soil sample can represent the accumulated fal.hut at any given

location. There are many criteria b. be met.to fisure-that a soil

semple is representative. k ideal samp13ng .site.lsconsidered to be

an open, level area, undisturbed by cultivation and.cavered by grass or

simple vegetation covering to immobilize the su~face. Drainage slopes,

silted areas or other unusual drainage..condi.tionashould be avoided.

Samples are collected with soil augers to give definite areas and deptlhs.

The most common division of ssmpli..rgis .to..collecithe .iuptwo inches

and the two to six inch layer separately. The kno~ area md tie

measured weight of sanple allow the Sr=90 xn-surenents to be converted

to terms of mlllicuries per square mile.

Removal of Sr-90 fmm a soil sample.is a difficult problem because

the relatively low levels of actitity currently found..requireuse of

very large ssmples. At present two to four pounds of sdl are taken

for analysis and this makes the usual procedure of cmpletely dissolving

the sofi by fusion a practical impQasibiMty.. Thus sltho.ughthe fusion

tec~que ia ~he ~y me~od c~t~ ~ rema~e a &-9). from th@ SOil

it has been necess=ry b study other netiods for Sr-90 exhaction.

After considerable experimentation, procedures that agree.satisfectorily

tith the fusiontechnique have been develope& !bese involve the ex-

traction of the Sr=90 by ekctrodialysis or by hydrochloric acid leach.lxg

S-y



without co-npletdy dissolving the soil. Present evidence lemds us to

believe that the acid leach r=mves 8!% u IIOre of the ~-~ ‘d ‘e

electrodialysis at least 75%. some etiy an~ses..wer.e obt~ed W

ammonium acetate leachimg of tie.soil, but ~s me~d- U now felt to

be inadequate and none of the data presented here.were.oldxi-nedin thiS

my.

The chenical analysis following extraction requires separation of

the Sr-90 from the inactive lnillcconstituents of the extract and fram

other radioactive isotopes, which include.the ndural..constituents of

the soil and other fissim products, including Sr-89.

The msJor advant~~e of a soil semple is that it represents the

accumulation of Sr-90 at a particular location at.the.tie of sempkl.ng.

Experimental work has shown that the mmwnent of.Sr+O in the soil is

slow enough that adequate samples can be obtained. . For.exsnple~ f-

75-8QK of the Sr-90 found in the soil is in the top two inches. The

disadvcntege of SQil samples is in the cmplex and-time consmi.ng nature

of the .awlysis.

Sea Water Semles

Since approximately two-thirds of.the earth1s surface is covered

by the oceans, a conplete account- for Sr-90 deposition requires

S:m.lli.ngof the oceans. However, in contre.stto sofls~ the Sr-90 ~ the.

ocesns is distributed through a depth of sever-d hundred feet, Et least.

The zmlyticel requirements for this type of sample.have been beyond the

c::~abilitiesof the p=ticipating lakardories except for s=iples t~ken

rem the PacifficProting Grounds shortly after a maj~r veapons test.

‘i%e;efore,studies of distributkn h tie ~ceen have been linited to

~~~&.~~=Le~ts Of btd fiS:iOn prOdUCtS and theh tr&nSpOrt by ocean
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currents as a function of the. Such neesu=~mts Qf.tied fission

prcducts do not give

the fission pxmducts

and setkhnentation.

reliable estimates of Sr-90 in sea water since

may be fractionated..by6olubiliiy, precipitation,

Mixed fission products ti sea water are concentrated by co-

precipitetion of the majority of the isotipes with verious carriers

such as iron hydmxcide or calcium ca.rlxmate. The activity levels of

interest ~re.high enough so that conventional coun~. equipment cen

used for measur=~t. Exten’tionof the sensitivity by measurement

be

with low background.counters would.probably not be justified in terms

of the overall accuracy of the determination.

l%llout Cdl.e.cti.mls in open Pots

Stainless steel pots, with a face ares-of about one square foot, .

sre finding increasing application in fsl.loutsamp~~ Other types

of vessels heve been tried and are currently used.in some.parts of the

monitoring program in this countq and a.hrosL The cone cted precipi-

tation and dust can be analyzed for Sr–90 at intend-s, ususlly On a

monthly basis. In “sharpcontrast to the soil smples, tie residues

subnitted to and.ysis are essantidly free of non-radioactive materiel.

The monthly incr~t in fallout is readily.detemined from these

s=mples, while it is only feasible to me~ annual increments in

soil samples.

The an~ysis of pot collections reqties the seperdi-on of Szz-90

frcm tha smell amounts of inert material ~d from otkr.isotopes of

mixed &sion pmduc.t~ The deposition of naturally.accurring rdio-

is;tipes during a month is negligi-bl= The levels currently found m

such thzt low backgroud counting .equip@t is r=.u.irs-dfor satisfactory

enelytis.

poE&lcIm=



Collection in pots is open to the criticim that more fellout may
.

be collected then would be deposited in the open air. This is caused

by impaction on the inner sides of the vessel. Studies are under way

to detemine the best shape and size of vessel for collections.

However, it should be noted that comparison of annual pot increments

with soil increments have shown good agreement.

Gummed Film Collections

The need for a sti.plecollecting technique suitable for network

operations, where large numbers of collecting st~.tionsenploy un-

trained personnel, led to the development of the gummed film collector.

his collector has an adhesive surface of one square foot which

is e~osed for twenty-four hours. A network of up to 200 stations

collecting deily sanples has been operated by the Health and Safety

Laboratory since 1951. Semples are mailed to the laboratory where the

analyses =e perforned.

in gunmed film.-- first,

tv%nty-four hours iS tOO

It is not possible

because the mount

small, and second,

e vtie.ble fraction of the Sr–90 is lost by

to detemine Sr-90 directly

of Sr–90 deposited in

because durtig reinfdl

preferential volubility.

The Sr-90 component has im the past been esttiated by c~culation

from the mixed product velues. In addition, en estim.te has been

made of

weapons

emd the

the game. dose resulting from this fallout. The increased

test activity has nsde these calculations extrenely difficult

r,e’thodsoriginally followed have been found inadeq=te. At

the present tfi.ea new calculation procedure has been de~~sed and

is being tested.

The gumed film samples are ashed to reduce ‘theirsrea e..ndthe

total nti:edfission prcduct activity is mea-ed %ith automatic beta

L
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eeiger counters. The activity measurement End the weather data for

each sample are entered on IEN cards for.calculation.and tabulation.

The results of this wofi have been presented in seversl sum~ papers.

The gummed film has two major disadventeiges. l?irst,it does not

sJ.lowdirect measurement of Sr-9Clfallout, end second, from two stand-

points it is not a perfect collector.of f~out. There ere definite

indications that there is sone wash-off of radioactive.materiel during

precipitaticm. When there is no precipitation the gumed film nay

collect more actitity than would be found on.a square.f~ot of a perfect

collectir since some airborne dust, vhich would nQt settle ordinarily,

my be scavenged by the gunmed surfece. lkperium ts ir.several locations,

however, have shown an average collection efficieacy of ebout E@ and

this value is used to correct the measured values obkined in the

laboratory. This will be discussed furtier in a.later section.

‘l%eadvantage of gwmed film.is its extrae. simplicity as a

collector snd its adaptability to network operation with a centrel

processing feciJ_ity. In addition, the fact that the.gunned film csn

be measured on a daily basis offers s~me adv=.tage in detecting the

time of arrival of radioactive materiel. ‘Ibisis pm.titularly useful

in the esti.mtion of the law levels of tot~ gaam dose associated with

fallout, since the g-a dose at any given location is sensitive to the

tfi]eof arrival of the fission products.

Atios~hefic SemPl@

The fission products, including Sr-90, are in particulate fom in

the atmosphere and the most comnon sir sszplhg procedure is to drav

e li-rgevolune of eir through a filter. Tne dust on the fi)&er can

then be anelyzed for Sr-90 snd the etr-osphericconcentration cen be

DOE _MCHI~.
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obtained from

This type of
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a howledge of the volume of the air sampled.

ssmpling has been csrried out at the earthts surface?

in the lower atmosphere by jet planes, ~d W the stratosphere by

balloons. The major difference between these ssmples lies in the

emount of air that can be sampld and thus in the activity level

which can be collected on a filter.

The analysis consists of the separation of Sr-90 from the in-

active constituents of the dust on the filter end the separation from

natural radioactive materiels end other fission products. Actitity

levels at the surface or in the lower eti.osphereare sufficient that

simple beta geiger counters can be used. The volume of sir that

can be sempled in the stratosphere, when converted by calculation to

normal temperature and pressure, is smell. Consequently a smell

amount of particulate materiel is collected end low background

counters are an absolute necessity.

Estimationof the atmospheric reservoir of Sr-90 is needed

to predict the level.which will be finelly deposited on the ground

when alJ the materisl is deposited. Because of non-unifom,ity in

tie distribution of the radioactive debris in the aiznosphere,both

laterally ~d vertica.lJy,the seapling progrem must be very ex-

tensive to develop a reliable picture.

Air ssnples at the surface of the eerth are the simplest to

obtein but are the most heavily influenced by 10CECLmeteorological

conditions. A better est~te csn be obtained fron stratospheric

samples which sre the most costly in terms of both sampling =md

=slysis.
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At the present the monthly ssmples at four stratospheric altitudes

sre being teken at Plinneapoli6,Houston,

one station in the southern hemi~sphere.

desi~ed only to determine the degree of

extent of ssmp~ reqtied for complete

atmosphere.

Bioloticsl Distribution

Pansma Canal Zone, end at

This pilot progrem is

unifofity and thus the

evaluation of the

The chmical similarity of strcntiu and calcium makes it

desirable to use the Sr-90:Ca ratio in tracing Sr-90 from soils to

man. A use~ unit of Sr-90 contsxiination,first proposed by Libby,

is tie .micromicrocuie of Sr-90 per grm of c~ci~ (p~c/~Ca) ●

For convenience this unit is frequently referred to as the

Sunshine Unit.

The biological distribution of &-90 is being studied in its

entirety and th~e investigations have produced a tide variety of

d~ta. For this discussion, which is concerned primarily with an

evaluation of the potentisl human hazard fron Sr-90, the presen-

tation will be simplified

sources of human calcium.

future levels of S2=90 in

esttiating the smounts of

greatly by revieWg only the pfincipal

The presently observed and predicted

these foods offer a convenient meens of

&90 that the h~an skeletons of the

future are expectd ta contain.

IIIthe United States, end nmy western countries, the mein

calcium source is milk, with lesfy vegetables supplying the

majofity of the bslance. In some =eas, such 2.ssoutheastern

United States, this ratio may be reversed. The sources of

calcium in countries of the world is under study by the Food and

— -—--- . ..— --
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Agriculturd Organization and data on the non-tillsdrinking Copu-

lations is slowly becoming available.

The three principal t~es of ssmples taken for analysis sre

(1) vegetation, including both antisl and human food, (2) milk,

and (3) human bone.

Vegetation

Sr-90

sr-90 from

corporate

may occur h vegetation in either of two routes.

the soil may be taken up by the root system and in-

into the plant. In addition, fallout may be directly

deposited on the plant. Pert of this latter material may be

washed off by rain but a considerable portion apparently is

retained. The relative distribution of %-90 in tie plant and on

the outer surfaces may be quite variable, depending on the aount

of fsll;outend the type of soil.

The type of vegetation selected depends on

represents food for animals or for humans. For

s~ples can be taken from the consmer market.

whether it

human foods the

The anslysis of

vegetation is simpler than for soils or for fsllout collections

since the amount of inactive material is mall related b tie

=.ount of Sr-90, and because the plant discdm.inates a@nst many

of the radioactive isotipes. l~~ysis still revires, however>

separation of Sr-90 from tie inactive constituents of the plant

ash and from other radioisotopes which are present.

?Klk

The major source of lmdy calcium in the

hence its endysis has received considerably

United States is milk,

more attention then

~-BRcH*
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that of any other food stuff although other foods may have a higher

Sr-90 b Ca ratio. As a matter of fact, cowls milk contsins less

strontium per gram of calcium than do the vegetables which cum-

prise the balance of our calcium intdse. This is because> as

noted ~ other speakers, biological processes in general tend to

discriminate against 6trontium. Millscontains less stronti~

per groinof calcium because the calcium has passed through two

biological processes. The strontium

vegetable and then through the cow.

selectively eliminated by two stages

has passed through the

Thus the Sr-90 has been

in the case of milk and

only one stage in the case of a vegetable. Nevertheless, milk

seems b be the best possible index to human exposure ti Sr-9Q

7
because it is the source o f the cal.cim in the skeletons.

of Amerim.n adults. Moreover, it is a meterial which is relatively

easy to smple and the sazoplesrepresent the pooling of milk from

large geographical areas.

Monthly analyses of milk saples are aveileble from six major

milk sheds in the United States, for periods renging from one ta

four years. The ssmplhg procedures have been designed to follow

the e~osure level of the human population at the location rather

than to follow an individual f- or even en individual pro-

cessing plant.

The detenzination of Sr–90 in milk is e relatively simple

procedure, since the Cok-discriminates sharply against other

fission products. The main analytical problem is the separathn

of Sr-90 from the large amount of calcim present.

(g
— .
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The chief e.dvzntageof following milk as a monitoring device

is that it yields an inmediate estimate of the amount of Sr-90 which

man will ingest. This is more direct end more relieble than at-

tanpting to predict the movar.mt of Sr-90 b man from analyses of

fallout or of soil.

Human Bone

Analyses of human bone afford a direct measure of the Sr-90

level at a @ven time. However, as previously mentioned> h~~ bone

is not yet in equilibrium with the Sr-90 of the atironment. Thus,

measurements made at the present time me only of value when wiewed

in reletion to other materiels, particularly human food and the

present and predicted levels of Sr-90 on the earth!s surface.

Huron

biological

of bone is

knne sanples show the lowest levels of Sr-90 of any

material being enslyzed. This mems that a large sample

required for anelysis and such spectiens are not always

readily obtdnable. ‘he extensive prugrem at the Lament Geological

Observatory has yielded severel hundred autopsy specimens from all

over the mrld. Dr. Kulp, who is in charge of this work at

Lamon\ wUl report on this work h detell.

!lhe e..nalysisof bone requires the separation of Sr-90 frcm

I=ge quantities of calcium but only negligible aounts of other

radioisotopes are Fresent. The current levels require not only low

background counting equipment but the most extreme care in the

prevention of contamination of s=ples with other rs.dio~ctive

materiels.



Discussion of l?indinrs

We have seen that many kinds of samples sre being collected

routinely fmm a large number of locations> ~d that the Sr-90

in these samples serves as a tracer for the study of many

physical, chemical and biological processes. h this discussion,

an effort will be made to simplify the anslyses of the data and

to deal only with those portions of the overall Sunshine program

that are

Sr-90.

The

concerned with an estimate of the human hazsrd from

fundamental questions which must be answered are these:

1. How much Sr-90 has been deposited on the
earth’s surface?

2. How much Sr-90 from detonations to date
remains suspended in the upper atmosphere
and how long will it take tp precipitate?

3. How much Sr-$Klwill human skeletons contain

when they are in equilibrium with the ex-
pected levels of Sr–90 h sofl?

I)eposition of Sr-90 in Emth

As noted earlier there =e tki basic procedures by which the

wide spread deposition

the most direct, is by

analysis for Sr-90.

The soil analyses

Figures 1 and 2, which

millicuries per square

of Sr-90 can be documented. The first, end

the collection of soil ssxoplesand theti

for the year 1956 exe plotted in

gives the eskhzates of %-90 deposition in

dle. Sizil.e.xdata has been obtained on

the basis of semples collected fron the gunmed film netvork.

These data sre summrized in Figures 3 and 4 which @ve the estimated

cumil.ativeSr-90 distributions as of July 1, 1956. ID recent

QQ&ARcHIv&



months a third method has been adopted, utilizing pots which

have been located at ~ stations

few data are available to justify

throughout the world but tio

presentation at this time.

It will be noted that the estimates of fallout obtained by

analyzing soil samples are lower than those obtained by gummed

f
film collection. The differences can be seen in Table -which

sumerlzes the observation of both the soil sampMng and the

gummed film network by zones. l%e estimated world-wide fsl.l-
/.Jfl

out of Sr-90, b sed on the gummed film samples is ~ megacuries
./]

compared ti J?A megacuries as estimeted by soil samples. It is

also noted that the soil data indicate a greater degree of

latitucbinelvtiation than the ~aaaed film data. In the latter

case the mean deposition in the North Temperate Zone is relatively

high with respect to the sorm.ewhatuniform deposition elsewhere

in the world. The data derived from soil samples likewise,

indicate a higlherdeposition in the North Temperate Zone but

there is less uniformity elsewhere in the world aznda North-south

gradient is quite evident.

The reason why the soil samples yield lower values is not

ELe=. The integrated fallout as estimated by soil analyses is

0111-y 55% of the value obtalmd from We g~ed fib obse~ation”

As noted earlier it is possible that the Sr-90 is incompletely

renoved from the soil by chenicel analysis and this

for some, but certdnly not

film tends to yield results

measur=ents of pot saples

.EXL,of the difference.

whiclhare conp=s-ble to

tit it is possible that

m2y account

The gummed

the Sr-90

both the

1“c



..
-16-

pot and the gummed film tend to concentrate fallout, particd=ly

on dry, windy days. It is elso possible that some of the Sr-90

has been leached beyond the sampling depth. At the present time,

there is insufficient knowledge to explain the difference between

the

two

the

two methods. one megacurie, being tite~ediate between the

estimates, is perhaps the most reasonable approximation of

total amount of Sr-90 deposition on the edh by delayed

fallout in mid-1956.

The test fidngs in Nevada only pertly account for the

relatively elevated deposition in the North Tenperate Zone. There

is evidence that much of the differ=~tiation bet-p-eenthe North

Temperate Zone and the rest of the world can be attributed to the

preferential fallout in this region fr~ 1954 series fi fie

Pacific (Operation CASTLE). BY mid-1956 fflout fran the USSR

tests did not account for a major fraction of the total observed

fall-out.

Stratospheric Reservoir

An esttiateof tie future distribution of Sr-90 may be obtained

from the above data plus knowledge of the amount of Sr-90 suspended

in the upper atmosphere, and the rate at which it precipitates

to esrthls surface. The direct ne’&od of neas~-tig the strato-

sphericreservoir

flying aircraft.

but the data are

is to obtain samples, using balloons or high

This hes been done intemnittently since 1953

too few to petit one to estimate by this method,

tith any degree of confidence, the total Inventory of stratos-

pheric Sr-90.
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Using a more indirect procedure, Libby suggested a value

of 2.4megacuries of Sr-w in the fdl of 1956. ~is estimate is

based not on direct measurements in the stratosphere, but rather

on what night be described as materiel balance studies. The

amount of Sr-90 praduced in detonations, to date, can be

estimated with some certal.nty. Estimates of the amounts of

Sr-90 that are deposited in the intense fallout in the vicinity

of a detonation are av-silablefrom extensive

conducted during the test progrems in Nevada

investigations

end in the Pacific.

The total strontium produced in a detonation, less the Sr-W

which falls out in the inmediate ticinity of the detonation,

Cives the total inventory of Sr-90 that is avsil.ablefor subse-

quent deposition at places remote from the site of detonation.

It is apparent tlnatthe rate of precipitation of the Sr-90

must be considered in any estimation of future hazard. If the

time of descent was infinitely great, the Sr-90 would decay

before it reached the earthis surface snd it would not constitute

a potentiel hazard. Actuelly, we have leerned that the time of

descent is relatively short in relation to the half-life of

Sr+o ● Libby has estimated that the &verage residence time is

approxhately 20 years. In matheneticel terms this would be

equivalent to a helf’-lifeof 7 years. It is possible this

estimate is too long and the average life is as little as

6-7 yeaxs (W-life about 4~years).

O-UCdiscussion of tineforeseeable levels of Sr-90 will thus

be simplified by the assumption that the material now conttined in
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‘the stratospheric reservoir will be completely deposited on the

earth’s surface before any radioactive decay has occurred. More-

over, it will be assumed that the geographical distribution in the

future will follow approximately the same distribution as has been

true of the deposition of stratospheric debris in the past. This

will tend to introduce an error on the side of safety stice it

would be expected that future fel.loutwould be more uniform than

in the past.

Future Estiate of Sr-90 in Msn

As noted earlier, it will be assumed that essentially all.

of the 2.4 megacuries of Sr-90 stored in the stratosphere in

m.id-1956will be deposited on earthts surface. This will have

occurred by about 1970. It will be further

stratospheric fallout in the future will be

eqpymimately the seinepattern as the past.

assumed that

distributed h

This discussion of future levels of Sr-90 in mm will be

besed on data for the North IJfidwesternand Northeastern United

States, where fallout is as high as in any region of the world

for which data .zreavsilable. ‘Thefallout levels in mid-1956

ranged from 19 to 33 millicuries per square mile, the average

being 25 mc/mi2. Of this, about 6mc/mi2 is the result of

tropospheric fellout from tests prior tO mid-1956. me

stratisphefic fellout of the past may thus be estimated as

19 millicuries per square mile. This was tinelevel tiich

existed ~%en the world-tide deposition of Sr-~ was about

- I ~egacurie. Wnem the 2.4 megacuries now in the stratosphere

has deposited, the deposition in Northern United States nay

bOE ARCHIVES_.—_
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thus be estimated to be 45 tillic~es Per squ~e mfie~ abut

1.8 times the level fi mid-1956.

To define the potential fisk fmm a given distribution of

Sr-90 on the surface of the earth requires that the distribution

be quantitatively related to the skeletal burden of Sr-90 of

a human population in dietary eqtilibriun with the soil from

which its nourishment is derived. This equilibrium is

elready established for a vzriety of trace elements nommlly

present in the earthts crust. Some of these, like potassium

and radim, are radioactive and this is reflected by the

presence of these substances in the humsn body. For

example, the upper foot of soil in the United States

contains, on the average, about 1000 millicuries of radium

per square mile. The average adult skeleton in this

country contains about 10-4 microcuries of radium, which

is derived from assfilation of this trs.ceelement frma

foods end water. Thus, the value of 10-=4microcuries of

radium represents the mount deposited in the skeletons

of the populations %fiosemineral metabolism is h

equilibrium with the soil minerels.

The freshly deposited Sr-90 takes a relatively long

tine to ccmplete the biological route to bone. At the present

time the
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ckeletons of all but very young children were fozmed prior to the

introduction of Sr-90 *O the soil. Moreover, bone being formed at

the present time utilizes calcium which left the soil in nonths

gone by. The fact that cattle may be fed on hay many months old

and the hold-up of human foods in the camnerciel distribution

system are but two of many factors which would lead one to expect

the human Sr-90 burden to lag in time behind the potential value

which might ulttiately be e~ected from a given soil concentration.

The human skeleton cannot be expected to respond quickilyto the

gradual accretion of Sr-90 by soil. Equilibria can be expected

to be achieved over a period of years but not over a period

months.

In the United States, as in a number of other parts of

world where the population derives nuch of its calcium from

of

the

dairy products> anslyses of milk for Sr-90 provide a convenient

method of estimating the levels of hum-n absorption which may be

expected in the future.

During periods of actual fellout the

in milk originates fram two sources: the

concentration of Sr-90

Sr-90 level may have been

metabolized from the soil by normal root upteke or it may have

short circuited the soil by hating been deposited directly on the

leaf with which it is ingested by Vne COW. The presence of the

latter fraction is dependent on curr=mt fallout. If sIU

detona’-ons ceased, the fraction due to direct deposition on the

leaf surfaces wnild diminish

fSnout. hlti tie cessation

with the reduction in the rate of

of fallout this fraction %-ouldbe
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elhinated altogether. In contracts, the Sr-90 of tie SOfl

constitutes a relatively long lived reservoir for future uptske.

Diminution will result only from radioactive decay or if tine

Sr-90 is leached beyond the mot zone.

At the present time, it is not bown ti *at extent the

Sr-90 which occurs in milk may be

1e2ves. This fraction presumbly

accumulation in soil increase and

due to direct deposition on

diminishes with time as the

the rate of fallout rerdns

approximately constant. For our purposes it will be asmned

that sll of the Sr-90 in milk is metabolized by way of the roots.

lhis is a conservative assumption which tends to exaggerate the

forecast of future levels.

The milk in a large metropolitan area for which data sre

available since early 1954, averaged 5 ~c/g Ca ~ OCtOber 1956

when the soils were sampled. If we neglect the effect of fresh

fallout, and further assme that the Sr-90 in milk is proportica~

to tie mount in soil, the future level may be estimated as

5.0 X 1.8 = 9 ~c Sr-90/g Ca. This prediction is in good

agreement of 8.3 ppc/g Ca which was similarly esttited by the

data availeble in the summer of 1955.

In a previous publication it was assumed thatapp~~g a

factor of 3 to these particular milk values would be smple

to define the upper limit of hazard elsewhere in the United Stztes.

This factor of 3 continues to appear reasonable. On this basis

the maximun foreseeable concentration in milk would approyi~ate
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27 flc Sr-90/g Ca com~ared to 25 ~J~cSr-90/g Cc bc.sedon clzta

aveilable h the sumner of 1955.

A number of individuals have raised the question as to

whether a discussion of average fallout values is adequte to

define the upper limit of hazard to people e~osed to un-

ususlly heavy fallout. In this connection it is T:orthnoting

that as the data continue to accumulate from every corner of

the

the

are

globe the deviations from s_veraGethat cze noted ae

deviations in the safe direction. 1.heressfallout v~ues

rarely reported more than twice the nezn for eny given

regions it is not uncomnon to observe

order of 10s of the averacc.

Our final problem is to estbate

will be attained by a population whose principal diet:=- scurce

of C-acontains 25 ppc/z cc= As has keen noted by prstious

speekers, it is known that human metaboli=n involves scne ~easure

of discrimination aScinst strontium and in fcvor of cclciun.

Based on the data now avsilable a child beiag nourished on rfdk

cent~g 25 ~Pc sr_90/g Ca votid be e>~ected to develop a

skeleton containing Sr-90 in soz-.ewhatlo~:erconcentrations ti=n

this value but probably tigher th~ 10 p~c Sr-90/g CL* ~~~us

10-20~c/g Ca nay be said to be the hi~est foreseeable value

that will be atteined by the pop~ations of Vne fume frm

nuclear devicesdetonated up to late 1956. }.vilue of 15 ~~c/g

Ca will be t&en as a basis for discussion.

P?
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It should be noted that this esttiate includes a number

of assumptions which ere deliberately consemative. No

allowance has been made for the radioactive decay whichwill take

place before the Sr-90 descends from the stratosphere to the

eerth. Thismey dininish the amount of available Sr-90 by

about 25%. The assumption that all the Sr-90 in milk

originated by root uptake is another conservative assumption.

It has been estimated that 30% of the Sr-90 timilk in 1956

originated by direct folisr deposition. }mother conservative

assmption is that the Sr-90 remains in the root zone of the

vegetation. It is likely that over a

appreciable fraction will leach below

The coiibinedeffect of these and

period of may yeers an

the root zone.

other safety factors is

appreciable. It is probable that the mzdnum
late

detonations which occurred up ta/1956 till be

than 15 ppc/g Ca.

estimates the true

much as 5.

It is likely that 15 ppc/g

human burden from

so~ewhat lower

Ca over-

velue by a factor of at least 2 and possibly M

Assuming 15 ~~c Sr-90/gm Ca to be the naxhmn value to be

attained, one can calculate that this amount of Sr-90 will

deliver a dose of 1.4 rads to the skeleton over a life time

of 70 yeers. This comperes with a normel skelet~l irradiation

of 7 to 30 reds resulting from potassium 40, carbon 1.4,cosmic

rzys, terrestrial gamma rzdietion end rdium. ‘he msximum

foreseeable value of 15 ~~c Sr-90/g C2 is thus equivalent to

4.5 to 16% of the dose from natursl sources of skeletal

irradiation.



&pe Sample

soil (us. )
Soil (Foreign)

Gummed Fihn (U.S.)
Gummed Fib (Foreign)

Pots (u.%)
Pots (Foreign)

Milk (u*s.)
Milk (Forei@)

Tap Water (Neu York)

_Caxmed Fish

Pasture Pro~am (U.S.)
soil
Vegetation
Animal Bone

Sea Water (Pac&fic)

Stratosphere

Human Bone

TABLE 1

SCOPE OF Sr90 SAMPLIXO PROGRAM

Fkqllency

Annually

Daily
Daily

Monthly
Monthly

Monthly
Monthly

Monthly

Montw

Annually

Monthly

?fonthly

htib= of
Stattons

17

39
66

2

5
2

1

5

;
7

50

5

20

Total Number
Per Year

17

ti,23~
24,090

8L
168

60
21J

12

60

168
168
168

600

240

about 1200

@QQ&c.m



.

TABLE 2

1

;
&
5
6

i
9
10
U
12
13
1.4
15
16

:;
19
20
21
22

%
25
26
27
28

;:
31

;;
34
35
36
37
3
39
Lo

WORLD

“Station

Anchorage,Alaska
Edmonton,~berta
Regina, Saskatchewan
Winnepeg, Manitoba
Churchill,Manitoba
Hoosoonee,Ontario
North Bay, Ontario
Ottawa,ontario
Montreal,@ebec
Seven Islands,Quebec
Moncton,New Brunswick
OooseBay, Labrador
Stephentille,Newfoundland
Thu.le,Greenland
Keflavik,IceI&d
San Juan, Fuerta Rico
Bermuda
Mexico City, Mexico
S:m Jose,,Costa Rica
Panama Canal Zone
Bogotaj Colombia
Quito, Ecuador
Lima, Peru
La Paz, Bolivia
Belem, Brazil
Sao Patio, Brazil
Buenos Aires,Brazil
Restwick, Scotland
Oslo,Norway
Rheti Main, Germany
Sidi Slimane, Horocco
Tripoli, Libya
Dakar,FrenchWest Africa
Lagos,Nigeria
LeopolWle,. BelgianCongo
Addis Ababa, Ethiopia
Rretoria,Union of South Africa
Durban, Union of South Africa
Colombia, Ceylon
Singapore, Malaya

~r90
mc/mi2

8.7
12.2
9*5

IL*4

;::
10.8
8.7
11.o
7.8
9.8
8.6
13.5
5.8
9*3
12.1
13.9.
IJ.6
11.8
6.4
6.3
3.6
3.6
6.2
.5.8
5.0
5.6
11.2
7.9
9.4

ills
1~.;

●

4.1
5s
701
1-1.2
2.!l
6,5
6.1



TABLE2 (Contd.)

41
112
113
u
45
L6
47
L8
L9
50
g

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74

Station

Misawa,Japan
Tokyo, Japan
Hiroshima, Japan
Nagasaki, Japan
Kadena, Ok5nawa
Taipei, Taiwan
Manila, Philippine Islands
Iwo Jima
Yap, Caroltie Islands
Guam, Caroline Island9
Truk, Caro13ne Islande
Ponape, Caroline Islands
Wake Island
Noumea, New Caledonia
Sydney, Australia
Melbourne,Australia
Wellington, New Zealand
Honolulu, Hawaii
Johnston Island
Canton Island
Dhahr~, Saudi Arabia
Beirut, Lebanon
Bangkok, T’?@land
Nairobi, Kenya
Monrovia, Liberia
Lagens, Azores
Nome, Alaska
Fairbanks, Alaska
Juneau, Jlaska
l%ench Frigate Shoals
Mid’way
Koror
Lfiue
HSlo

Sr90m+r
13.9
12.7
13.1
).4.8

18.3
11.1
30.5
%.6
15.8
M.o
18.2
10.1
;:;

6.0
3.6
13.0
16.1
6.0
7:3
18.5
8.3
4.2
7.1

15.6
%.7
11.8
8.4
13.6
12.1
I.1.l
1000
19.7

J)OE &tCHIVEs



101
102
103
10<
108
115
U6
117
n8
122
127
132
133
134
137
138
139
141
204
206
209
211.
212
216
219
221
222
;:;

309
310
314
321
323
326
401
404
407
Klo

TABLE 3

CUMULATIVEFALLOUTDATAFROM OUMMEDFILM THROUOHJUNE 1956

UNITED STATES

Statfon

Detroit,Michigan
Louisville,Kentucky
Knotille, Tennessee
Mamphis,Tennessee
Atlanta,Georgia
Philadelphia,Pennsylvania
Pittsburgh,Pennsylv=ia
New York (La Guardia)
Binghamton, New York
Rochester, New York
New Havenj Connecticut
Jacksonville, Florida
Mtlami,17arida
Washhgton, D. C.
Cleveland, Ohio
Cape Hatteras, Norfi c~ol~a
Concord, New Hampshire
Boston, Massachusetts
corpus Christi, Texas
llallas,Texas
Wichita, Kans=
Scottsbluff, Nebraska
Rapid City, South Dakota
Minneapolis, Minnesota
Des Moines, Iowa
St. Louis, Missouri
Chicago, Illinois
New Orleans, Lauisiaa
Boise, Idaho
Billings, Mont~a
Salt Lake City, U**
~cson, ,Ax5zona
GrandJunction,Colorado
fibuquerque,New Mexico
Las Vegas,Nevada
Seattle,Whinan
Medford,Oregon
s= m~ci9f20, cdti~a
LOS Angeles,Cwofia

Mean

sr90
mc/rni2

16.0
ll!.1
10.5’
15.7
11.o
12.7
18.0
16.7
8.9
12.9
12.0
7.9
12.1
12.0
15.9
9*4
8.0
13.8
6.3
12.9
I-4.7
12.7
u.6
16.4 .
15.5

18.9
I-4.5
13.6
18.5
3.4.9
3L.6
15.2
27.7
34:9
17.8
1~.;

8:9
6.8

111.2
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TABLE 5

DRIED MILK ANAL=

April,1954
M=
June
July
Angust
September
October
Novder
December

J=-, 19!%
February
March
Aprl.1
May
June
J*
-Atlgtlst
%@Iiber
Octob-
Koveniber
December

Januq, 1956
Febxmq
Maroh

Mq
June
July
Allgust
Se@ember
October
Nummber
Decenber

*9O

MicmmicrocUzLesPer GramCalcium

~ ~

0.47
1*2

::;
1.2
1.5
1.4
1*1
0.64

2.5
O*77
0.75
0.31
1.s9 2.6
2.5 4.7
;:; ;+

;,; 3:2

2:5
3*3

2.3
2.0
2.0 6.3
2.9 6.7
2.8 4.9
3.0 4*L

6.1
;:; 3.8
&.9 4.8
!ieb

5.6

1 Perry, New York
2 State-College,Flsissippi
3 St. Louis, Missouri
4 Coltmbus, Iliswnsin

401 Lo 7*3
he6 4.6 9.2
3.9 0.8 j.;

1.2
3*3 ::;
4.4
3.7 7:4
3*O 10*

3.0 3.5
3.5 801
3.4 u.
3A 9.6
2.8 17.
3.4 8e7
4.2 ;.;
467
4.3 10:7
4.72

L0cation9

5
6

i

g ~

3.0
1.0
2.0
1.8

1*7 1*9
2.6 0.8

0.8
2.0
7s
2.5
3*5

2.7

3.5
5.2 3.0
6.~
5.0

2.3

2.7
8.9
3.6

Mmdan, North Dakota
Portland,Oregm
J~zm
United Kingdom

g

1.8
2.9

5s
2.6

4.0

L.6
405
5.0

@OE ARCHNEC—- —



3:
;.,,,.

‘. ~.,,, ..i
r

!,, ,,. . :+7.-.--::7’ :,’ ~“ ‘:

.

.

\ .,’’,.,

w,., ,.
L; “;.”.:”’ , ,

. . ,. .,,..X
. ;~,- :.-

:,

.,

“- I
1
4

“.. I .....
,,

;’< . ,- J

-------

,>. :

-.

I-- —.-. *----- -.;
I

,, :

%

—

DOE ARCIUJL!i!

u

—


