
.; 

.. 
I': 

.• 
.· 

. -
s F r: e s 

UNITED STATES ATOMIC ENERGY COll41SSIOK 
KEW YORK OPERATIONS OFFICE 

PROJECT SUNSHINE 

PIOGIESS RON SIPTENIEI 1153 TO JAIUHY '· 115' 

rrepared by tll• 

•LU.r• • surrr LAIORA1'0RY 

ICH IL ll AHtuo. Dirct:tor. J. H. HARLIY. CHIE' 
JnGLyticoL Bf"QllCla 

FILE BRRCODE 

11111111111 
00131986 

--------·.::! _..._,__r•rJ_. • .__ ... ,...i_ · f' 
.·SFtRit 

BEST COPY AVAILABLE 
1051030 

-
N 0.4571 

4075 

00131986 001 



= a a-= 

UNCLASSIFIED l?0-4571 

SPICIAL D~o11 

lo. 

Atomic Bner11 Comaiaiora, Yuhinctoa 
(l)r. Walter I>. Clau - Div. ot Biologr le lledicim) l to 2S 

.AEC - Na ?one Operatiom Ottice 

Technical. Into nlation S.r't'ice, Oak Jlidp 
1 te 33 

,,10-

- 1 -

ee• 

1051031 



·.t 
t 
JI· . ,_ 
•• -.. .. 
l • 
"' J 
·1 
~ 

•iW UNCLASSIFIE 

SCXlPI or .,. m> 11Wl:IP AL roomas . . . . . . . . . . . . 
J.H,AI.?TICAI. P!llcm:JJIBS • • • • • • • • • • • • • • • • • • • 

• • 

•• 

P1111' 

1 

6 

M HllLTK I& SU'l'1'I LAIOBA'l'Dlr SJWRTW mEDIDTS. • • • • -. • U 
Talidit7 of 1) ata From th8 )i)zai. tori.JI& lltwrk • • • • • • • 11 
letentioa bJ QQmed J'1lM ot Partiaalat.• ia a-.11ted • l5 
1ractionat.ioa ot Wio1troat1• ill Bomb Dam:u • • ..... .. . • • U 
StucliH · ot Fact.on ~l·red 1D the 11olag1cal Vptak.-

ot lad.io1trontiua • • • • • • • • • • • • • • • • • • • • • 24 
Q:111pari10a ot Jadio1tront1ua 1n Var1ou1 Biolocl.cal 

Katvial.1 • • • • • • • • • • • • • • • • • • • • • • • • • 27 
Atmapheric Storap ot Strontiua ......... ~ ••••• 30 
119lation ot ltmepheric s..,1.. to tM Jleaiclual a 

.lcti T1 t7 trom MID. • • • • • • • • • • • • • • • • • • • • 34 
J!:Ti.denc• ot Atmepheric Storap 1D J'lllout Data ••••••• 37 
B1tillate ot the '?otal Deposition at Debri.a troa MID •••• 37 
:Seti.mate ot Future Fall011t, Bued on ltmapheric S111ple • • • 37 

QBN!llAL COHCIJJ SIONS • • • • • • • • • • • • • • • • • • • • ••• 40 

REOOKM!NDATIOHS POR PO'M!IS S'l'OJJI • . . . . . . . • • • • • • • •• 41 

IEJZHIHIZS . . . . . . . . . . . . • • • • • • • • • • • • • 
.lppendice1 

A. 

B. 

.1n~1cal Procedure• • • • • • • • • • • • • • • • 

l1timat• o~ Collection Etticienq· ot Filt•n 
01eci 1D Jet .lircratt. • • • • • • • • • • • • • • 

c. Tabulation ot An~ical Jluulte ••• • • • • • • • • 

D. lot• on Eleatroltatio Precipitator • • • ••• • • 

•• 1euib1litJ ot .. ti&atac lod7 ltroatiua hrdu 'bf 
Ana11'81• of Milk and Vriu • • • • • • • • • • • • 

F. Bate ot Daplation ot Strontiua 1D Soil • • • • • • .• 

-11-

9IGIE 

• •• 42 

••• bl 

• • • 69 

• • • 70 

• •• 77 

• • •• 88 

•• • • 91 

31988.003 

1051032 



= &a·§§t 
UNCLASSIFIE 

Thi• report wmmarise1 the result• to date ot nrioua invastigatio 
vndertak•n bJ the Health and Sa!1ty Laboratory on Project SJNSHI 

Tttw buio purpoH ot th11 report 11 to preeent D• data on the di.a rtbu­
t;on ot Strontiu-90 am th11, to the beet ot our abilit7, •• nan done. 
HCT1enr, data are on.J¥ ueatul •hln t.M7 Hl'ft u \he b&1i1 fir int - reta­
tmui and ooncluion1. We are compelled to point out that th• dat v1 
., y.t r1lat1ve:q tn am the conclwiiorw ••t theretore be recard d .. 
t1nt.atiw, mr• ao in •o• areu ot th• report. than in othen. 

soon or IDRl .um PRINCIPAL 1Dl>INQS 

e 1pecitic qu11tion1 which the Laborato17 attempted to annv, t • 
90thodl ot 1tucfT md the principal finding• can b• 9IUlll&l'iaed u t llon1 

• IX) Dil'A m>K THI anam PAPER ll!TtDftr: DABI.:1 ' SATISPA·=om 
Sr89-90 r.u.u>UT TO TRI UR?H•s SJl!J'ACZ7 . 

tmt.hod ot Stud{ 

le• ot moil f'roa 
iv• locat1om in the 
nitad St.at. wen 
~ied tor radioactiw 

trcntiua. The ra9ult. 
ero c~arld with the 

unta ot radioacti'" 
t.rontium p~ctld b7 

fallout •uure•ata. 

(J 

, "·' P!r£f)IC r£p 
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- 00131986.004 ··---
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• 1BAT IS mB 111ICillCY 01 ml <JUlll'D PA.PERS IX SIPJ.liTDIG P 

JllJK JU.Drl 

v.tbod ot Studz: 

aisp•naiona ot radio­
acti.,. 1.J'OD were 
prepared in th• lab­
oratoJ'f and arti!'icial 
rain produced u.ader 
nriou• ccm:litiona ol 
temperature. TM et .... 
fectinmlH ot the 
pmmed pai-n in aepa­
ratinC the il'On particle• 
from th• •rain• wu 
determined • 

Pr1Dcipal P1ndinp 

!let•ntion at 11 rain!all per hour T ed tram 8°' 
ot all part.ich• leH than 2 Jl to 1°' ot all part.1-
cla• l• .. than .Jf. Data tor l•H a .,.r• rain­
fall rat .. an nil u T•t &Tail.able. 

.1. TO IHil' IITDl' IS TBIR! VAIIAMLITY Ill nm n.&CT:m D 01' Sz-89 .ltl) .sr90 
IK BOMB DIBllIS? 

Ket!v>d ol St'Udz 

Samples ot tallout am 
atmospheric dmt troa 
Tarious bur1ta were 
analyzed tor total &etiT-
1 ty and the two j,eotopH 
or Sr. 

: 

1051034 

Principal 71.ndinp 

7allout c:b1r1.ac t.lw ... , 1Jllmadiatel7 
a bunt u detic1eat. i.n both 1tront1: 
Sampl11 ot 'bOih hllout ancl airtorne 
toward.8 th• mi ol 1953, at which t 
to have 'be9n the principal. contributo 
in both 11otopu. 

In sou 1upl .. the Muured Sr89-90 Tiated troa 
theoretical b)' an order ol aqnitude, t in a>•t 
ca••• by less th&n a !actor ot two. 

- 2 -
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UNCLAS·S lf IED 
• · •. :tAT FAt:ro:-~ r~t111Ef.~1 THS B:!:Owm:·~\1 u:·v.::r.: l·~' ;~tJJ(;)~:·~::"lJJTirr. :·'!!j:~ ;::.in·. 
.•• :i. Is tho urt.~ko t1f !':r89-9::J ty l:·;~:'.tCJC(: ti'.1.'hr:·:lCC~ 'cJy ti. ioniC.­

c:1lCi\IU c:onctint•.il.1on in t.he !!oil fNru \;hich tl;~ir .'\:.ud is cr;.y.•:il 

:·t.thod oi Study 

;j.) il:. £ro11 Ci WI p~ t.U l'O C 

~n VAriOlll: u•"t.1 0: U10 

Uni t-.tl St:ito~ uno tin­
.1lf':i.:d tor rndio:.trun­
Liu• and ionic calciuJll. 
!." .. ;n1.iJ troa l4Zllba di·oi1ped 
in ~,,n.nc •S3 ml t.:.ct in 
:.hoso pnaturoD \lt;r'U 

:1n'llyiud tor ri:adiostron­
t.1u111. 

b. II rad:ima upt:ilce •imilarly r~latcd t.u ionb~lu cal.<:1.u 

Uethod of Study l'rinci.Jt..l. jli!!!!!!f 

nw ®oft •oil and bone 
s1u111>lt#a were ~:ed. 
for radius. 

-3-
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S-1-r UNCLAS IFIED 
7. IS TREE IVIIZD or "DltD'· or DEBIIS STOJED Dr m UP 
Br SJFER BOMBS? 

Method ot stUV 

Anaqd.s ot aaaplH f'l'Cll 
worlchritl• tallo'1t mtwork. 

The UQ WHkJ.T f&llwt at 
11 continuiq ta d1•1ailh Y1 
ot perhapa one to two.matba 

MISCELU.NEmS HIGHLIGHTS 

l. F~t recorded b)' the worldwide M1.1"lrk, oper-ated on a 
skeletcin bub be~ween test~, wa1 leH tJlan l d/a/tt2/day in 
The oriO.n ot the debria 11 1n doutt but. t,,t.9 59/10 ratio aug 
MIKE. Thia rate ot tall.out 1a equinlent- to, .02$ per WMk 
o;otal residual radioact1Yit.y traa MIJCE. 

2. Takin~ all our data into consideration, we tind we an 11 
~ccount. !or more thar. 5$ ot t.be MID !iasion produ~ )'ield 
M 'Day to the prewnt. A prellm1nary esti•te, baaed on our 
.sar:plea to dat.e,--indicate that preHn1i atmot5hene storage, 
ci~iuted, will contribute abou~ u imch Srj to the ~h 
is already present. 
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J.?t&LlTICA L PROC!rnJRES • 

TM !nltb and Satety Laboratory SlJllSRDI atudiH reouir'ed ana 
total rad1ostrcmi:1um, Sz-90, nona1· atrout1ma, and radim in a 
sample tn>-•• Where rad1oact1w mHUZ'91D91ltl nr• iATolwd it 
••rr tbat the oh-1aal p-009durH p-odm• •ample• auitable tor 
1nc equi~nt aT&ilable ill the l&bc:ir-tOJ"Y• ror th11 reaaon th 
which wre d.enloped wre d.eaigzwcl to band.le rel.a ti Tely larp 

In uptak.9 1tucllH, wh8r• relatin T&luH be1:well d1tt•r•nt a 1 type1 
taken in th• ..... looat1on ••re to be amlysed, the d9terminat td total 
1'9.dio.trcmtim waa p-eterable beoaue ot th• rel&t1Tely high a 1Tity 
ocapa:red with Sr90 alone. In •cm. oa .. a, the -iD plrpo.. o£ • study 
required Sr90 determimtiom and, when ueoHaary, thia •• do • 

With the lower actiTitf t.nla ot sr90 ti. oonticlenoe 1Jl the r 
reduced •• 1• shown by th• ooun1:1ng error• g1Ten. wl th •oh e.m 
result. It mould be emphasised that the lonr ooU'1denoe 1a 
utter ot oomztil:2g atat11tiu and. is uot related to oonti!Wnoe 
ohl!ll:lioal :method• a.ed to preiare aampl ... 

The dateJ"llli:aat1on ot total radio•trcmtium, Sr90 aDd nonal 1tr ntiua all 
require ••iaratio1'. ot atrontiia trca the aam.pl• matrix. Our • perienoe 
indioatn that the •08t aatistaatory 11111thod 1• the pr•oipitati n ot 
strontium, with add.ad aarrier J.t llMHa&ry, tram 7&'% Di.trio ao d solution. 
Thia yield• a olean F•ipit&tioD •1oh 1a r .. dily oolleot•d tiltilH 
for ocnmtiq ot 1:o'tal raclioatrontim or tor the turther trea nt required 
tOl' Sr90 er nor.1 •tronti\lll detenW».tian. Ditterent •ample • re-
quire ditterezrt treatmnt• to prepare thm tor th11 H}ar&tioJl atep. !he 
majority ot our Hmplea oould be ol&H1.t1ed as soil, 'bcme, w tation e.ud. 
liquids (milk, water, ari.lw •Dli the lib}. th8 p-el1m.Uia.ry •• atiom 
are solution ~ the •ample and oolleotinu ~ the strontium am •tri% 
materi&l1 and their ocmwrsiClll to 'D11:r&t.•• b n.iisrate Hpar tioll 1• 
then oarrhd out 1Ja a TOl-ame ~ Dit:l'ia aaicl appropriate to the total 
quantity ot Dit::ratH obtained. Two nitrate uparat1ou are al y. pv-
f01"111Sd am where th• bulk of the •tru material is high, &11 diticmal 
seraration 'tl/Ay be r•qaired.· . 

'l'ha timl m:tra"M pl"eoipitate • ., b• direotly ocnmtiecl tor tota 
atrouliiwa. 'thia preoi-p!tate ay then. be azzalyucl tar it• az.9 
't11 ua•ur ... :t ot tb9 jiO daaght•r 1D equili'bM.m with tb8 Sr9 • J.tt• 
allowing th• yidcl to bui~d up ill the nitrate preoipitat. 1 h requir11 
•ppra:z:1-.tdy 12 da'fll, y9 ray be .. ianted bf &D ammoni.\lll hy oxide 
proeoipitation with lanthani1.1a carrier. lhia preoipitate 1• a leated on 
a 'tuter tar oouuting. 

· . .. 
• b ·c!etail• ot all the analyt1oal prooeduree used in 

tor this report are gi.,.n in Appendix A. 

- 6 -
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UNCLASSIF ED 
~oth Sr69 am y90 are ma1und by bet& oouatillg. The preoipi tH are 
; 0 u1cted an l•l/8 Ulah paper or gl&u tilter•. The filters a e :mounted 
on Treoerl&b brau ring .... nci-d1sa holder•• 1.nd cOTertd With o. 1 pllo­
!'ilm• '?hi• 1how1 negligible absorption and prnenta oontamiria ion and 
loSI ot aamplu daring balldling. 

counting 1• ~rtormed with 1 i:noh dia•t•r l.nton tla.t balogezi­
tubu aoU11tad in •iaple lead oa1tlea. ?lw baokgroul:ld uounting 
thell oo'lmtal"I 11 •int&i?llld &t liX oou:nta ;itr 111:ue. and the 
at about IS-20%. Xigher e.ttioie11o111 oould be obtaimd bat ar 
sidtred to be naoeaeal"'1• ~ oowtera a.re 1tand&rcllitd with 
carbonate 1&0wsted on th• 1ame-·holdera. .A 0.200 v.•• q~tity 
carbonate wbioh 1hould 1ha1r 163 ~ill {tTm th• ['O oontent) 
ooimtillg rat•• tor 1tandardiu.t1oc.. 

not 0011• 

taui• 
pot&Him. 
1 1uitable 

The oounti.ng tillee were ot the order ot 30 minutu tor "t:&okgr 
am all result• art reported with the standard dn'iation.s oalo 
the error of ttw sample 11htn th• 't:aokground error is taken int 
Fig..ree 1 to 3 1how th• 2a nlue1 tor b&akground. canting rate• 
8 o/min and oountin~ times ot 30, 80 and 120 minutu wh•¥"• the 
'b&ckr;r-ouad oountil::I.; timu are eq'lal. (In our normal work, 21 
used, but in this report, the ll deTiation& are reported to oo 
~"nenl usage). 

aooomt. 
t '• 8 and 
1111plt and 
lue1 art 
orm with 

y90 1am.pl•• ~e roll<r119d tor deo•y tor id•ntit1cat1on pl.U"po•e• 
aot1Tity, i!' arr/, ii 1ubt;;:-t.oted. from the total !. 'f.lO dia1nte ation ?"ate~ 
ara determined by extrapolation back to th• ti• of uparation rca the 
sr90 parent but a.re not oar"cted for ult .... b1arption by the 1 ple. Further 
1dent1.f1eation 11 pouible by absorption lll8aaurements when the ample ii 
suffioiently aotiTe. 

So::ia aamplH were analysed tor norma 1 1tront1 m 1zi ardtr to 1t y th• up-
~lm by plant• and animals. ?he nitrate praoedure ii uaed tm- he 1tp.ration 
of strontim tram •Hi'H •motmt1 ot oalai\8 anci ather element• strontium 
earrier oamiot, or oour11. bt U1•d ill thil procedure but it hi.a bttD tound 
possible to obtain good reoanrin 111.th a barim carrier. 'Ihe e1ult1.ng 
precipitate ii diaaolTed azid &n&ly1td tor atront11Zl with tht .f photo=-ter 

Radium &m.lYIH were run on •%17 ot the Hmplu. All aamplta e 
•re an.t.lTS•d by th• standard method ot oo-pr•cipit•tion or the 
with be.rim 1ulph&t• and alpb& oounti.ng. lhil tr1atment i1 not 
far 10U1, ao a uw prooedure •• d.8T11td in •hioh tM radium i 
preo1p1tat•d with the hH"Y mtall by l.!1111.0Di.m hydroxide and 10 

~onate and t!w daughter product, radon, m•11ured in our 1tacdar 
10Diaation ohambers. 

ll ... r methods Of e.A&lytll a1"9 ill the d.eTtlopment tt&gt but have 
Ul•d. ou a~ ot th• 1&mple1 repOl"ted in th11 paper aa it was tel 
ltand&rdizaticm was Tery import&nt mere mny ruulta are to be 
\11th one another. Aa noted eal"lier, the cm:iplete analytical pr 
are giTen in A.ppend.ix A. 

=------
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TRE HEALTH AND SA.PET! L.ABHlATOR! SHLSHINE mElUMENl'S 

It 11 on.1.T natural that the role ot th11 laborato17 in the warl 
monitoriDC of debris !ro11 i:mcllaz:. detcH1atiom should tend to o 
aur SJNSSINB 1t'Udi .. tc1'ards the t allaut data •• hne acCUllllat 
Our atudia nre deeiCMd to achien •x1.,. utilisation o! the 

Our choice ot ~riAenta nre intluenced b7 the ul.timte objec 
both S1JlllIHB and GABRm., and the etate ot lm:nrledge u renew 
Raid Contvence in earl7 9wmer 1953 (5). Qlr •tudi .. can be 
under tour haedings1 

l. V&l1d1ty or data tro11 the mnitorinc network. 

2. J'ractionat1on or the strontium iaotop ... 

.... ot 
at. th• 

HDted 

J. Some !actor• imolnd in the biological uptake or atro iua. 

!&. .lt11Capheric storage o! debris !rom super bombs. 

Validity or Data hem the ltlnitoring Network 

Comparison o! Predicted am Mauund 
Concentrations or ladio1trontiwa in Soil 

Soil• trom tin aelected u.aa in the tJ'nited StatH •• 
tor strontium 89-90. The .Predicted Sr89-90 concentration 1n IO 
!ro11 0.0067 to 0.26 d/m:iD/ga soil, a !actor ot 40. 

Predicted Taluea were calculated rroa the data ot Table l which 
cumulatin fallout tor each series ot teat• •i.Dc• BOSTEa-JJJl<I.1 
1tationa 1n the rtc1n1t7 ot each locality •hire aoil• wre ump 
theoretical traction or th• total act1Tl.'t7 due to 1tront1ua89 
was obtained troa lipn1 .l-1 and .l-2 (.&pp•adix A) which han b 
from data ot Hunter and Ballou (6). 

ecorda 
t network 

• 1'be 
atrontium90 

n conatNct.C 

The rmio1tront1ua content. ot the IOU wu en1Mted bJ u• .... iiin• tha •oil 
den11~ to be l.S am all ol tba actiTitJ to be CODt&1md in upper 
inch ot aoil. miere Hdiochemcal anal.1'1H lhowed radio1tront1 in l.a;Jere 
Of IOil below 0-ltl 1 thil actiTitf WU Cded to the •aw.red 1"al troa IVO 
to one inch in order to make th• result• comparable. 

Table 2 am Figgre ~ samariH the compariaoa. ot predicted am 
Tlluea ot ar89-90 in IOill trom tin place• in the Oa.ited State 

The muured valuu in the 1oil1 were from 100 to S4QS ot the p 
concentration of radioatrontium. In "tiew ot th• 111.aq)" uncertain 
in both fallout and eoil 111111pling we reprd theH result• aa a 
t'ortuitoua but, nenrthele11, encouraging. i more extenain s 
seeu juirt.i!ied. 

-ll-

= 
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TABLE 

ESTIMATED CONTRIBUTION OF sr89-90 TO SOII. J.T SAMPLING LOCALI ES 

tNcation Test Fallout Fission 
o! P&at'llre Seri.es Stationa Product~ rontiua 

(d/m/tt ) 8q 
on l/l/5h 

Logan, 
/./!t2) 

Utah BJ Salt Lake City 27 
TS " !4080 4 
IVY " 95 l.h ux ,. 

9000 630 
Tota la moo m-

Ithaca, 
N. Y. BJ Binghamton 78 7 

TS Binghamton It Oswego 
(Average o! 2) z;o 62 2.5 

IVY Binghamton 120 4 18 ux Binghamton 50 
~ Total a ~ 

. J.lbany, 
N. Y. BJ Hart!ord ' Burlington 

(Average o! 2) 75 6. 
TS Albany 440 ,6 
IVY B1ngham4;on, 1Ccbuter &: 

Nev York City 
(Average ot 3) 150 

ux Albany u95o J'O 
Tot.ia ~ ~ 

~":ger1, 
M. J. BJ New York C1 tr 80 

TS " 410 .u 
IVY " 120 l.8 

UK " 110 1.1 
Tot au m 9.9 

Tifton, 
Ga. BJ ~ 'l)]JrMu & Mmtgaaaarr 

. (Averap ot ) ) 35 J 
TS ~'l>tJJeh r&~ 

(.lTerage of ) ) lSO 
IVY Atlanta && JackaonT1lle 

(Average ot 2) 100 1..5 
ox Jt.1mr..a, ~ &: Mxlt.gomery' 

(Avenge o! 3) 100 .. 
l 

Totala 400 ~ 

- 12 -
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um.z 2 

COMPA.MSON at PREDICTED AND MIASUll!D VALUES r:JI er89-90 IN S IL 

Predicted M1asured Measured 
Plac• - (d/11/p) (d/m/p) predict.a 

. ~! Ti,!ton, Ga. 0.0067 0.020 3.0 

'ftltgers, lf. J. 0.013 0.07 5.h 

Ithaca, H. t. 0.028 a.OJ l.l 

ilbany1 H. t. .12 0.16 l.3 

Logan, Utah 0.26 0.21 l,O 
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SR' ZI := UNCLASS ffED ::::::::::---:_::::-::::-:--:=::....----
1 pertinent queetion iliich remain• unset.tled 11 the variation fallout 
rrora place to place in a g1 ven locality. I. satiatac:toey pro gr . ot 
replication has not been possible up to the p :rwsent t1ml. How nr, at 
~gan, Utah, we did collect replicate• from two pastures about one mile 
apart. The tohl radioatrontiWD aasa:y ot these 1oil1 wu .22 .38 d/!111.a/gm 

Retention by Qu--1 FUm.s ot Particulatea 1.n 
SiliiUlatid !fain 

An exper1.llent wu designed to mea.aun the rentioa. tv !U.. 
ot radioactive particulate• suapended in raindropa. lh•n we t r•t 'becan 
to uH gw1119d u11pl1n1 JMdia in our !al.lout atudiea, field t•• " !Mmorull'ated 
that the act.ivity collacted b7 caJUl8d paper wu comparable to, and more repr .. 
ducibl• than the reeulta obtained u.11.nc trqa de•i&ned tor tot co.&..uc""'""n 
o! the rain water. Howe .... r, reliable controlled data han aot been aTa:Ual:ll• 
prniouaq. The tollowi.zlc procedure •u ldo~edt 

Norm.al radioactive debril waa 11Jmllated by tinely divided pile irradiated 
iron haVi.n& a maaa Mdian diU11ter ot 3 p. To suspend the 1ro powder, 
a !n mi.lligrau ••r. added to two liters ot dlltilled water ac:i,tated. 

Particle •ise control oftr the suapended particulate• wu obta d bJ' 
elutriation o! the orip.nal ruspenaion. At a gi van tim, 700 U.ten 
at the top ot the CTlincier was decanted. into a sprinkl1 nc arr m.etrt. 
(Fipr• 5) which prortdu tor contimied agitation ot th• auspe lion until 
th• sample enten a capillUT tube !ro• which droplet• are pe ttad to 
fall to the CUJlllll9d til.11. Under th• c ondition:s reported here, h• rate 
or •raintall• wu l" per hour. The rwtention ot the cu-ed t •&1 
upre11ed U the percentage ot suapended activitT ?'9CO'l'ered bJ' the tilm. 

A cumulative trequenc7 curve o! particle •ize nrsu.s ti.DI wu alC'al.atad, 
usinc Stoke• Ln (with CWlningham's cornction u oecesaaey). oa thia 
curve, and th• data on retsntion at varioua t:ima 1 1'1gcre 6 wa dneloped. 

The retention ct the gamed til:mB 1n theae tests was not 11 h 
expected. This mq be becauae ot the hH'Y7 rate ot ai.mlated ain!all. 
Similar teet11 at lower rain!all ratea are being planned but ha 
1et gotten tmder •lllY• 

lxperiments to determim the e!tect ot 24 hO\IZ'I ot temperatan 
o! the g'aDll8d paper• are ginn in Table .). Conditioning at S 
asoe do not appear to •ianil'icantl.7 intlu•nce th• ntentiTitr 

In order to dat.erain• 1! the iron wu IOina 1Dto aolution, 1 
1Uap8naiom ot nnoua ap1 were putad th:aqh a Millipore t 
!11entiall7 l~ ot the activit.f 11u ?'9COV8l'ed oa the !iltera, 
that aolubilitr 11 not a tactor in the above procedure. 

- lS'-
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3 

1' 
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8 

9 

lO 

11 

12 

i'.3 

1.1' 

IOSlo~q 

~'tt!:!rP!E UNClASSl JED 

UBLE ) 

!rn.aI' O? TEMP!RATURI CONDlT!ONIN'l 
6' oUPP!ii PIPE! 

Oua. Paper ti !I'll o! 11.n&l 
ttatention Elutri&tion 

j 

96 0 

97 0 

96 0 • S°C 

75 0 -~ 

71 0 75oC 

88 0 75°c 

62 60 'l'lliD roo• taper 

87 60 lll.D rooa temp• r 

89 60 llll.D - soe 

83 60 llin - 5oc 

72 60 sin • 5°C 

83 60 sin 
esor 

Sl 60 mill es0c 

Sh 60 mn es0 c 
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UHCLASSl lED 
Fractionation ot Radio1trontium in Bomb Oebr~s 

two radioi1otope1 ot 1trt1ntilllll, sr89 aud sr90 are chiefly t 
decay Qf prilary fission produata according to the schl91ll91, 

rr90 I Rbgo " sr90 
zs • > &lic:rt " 

1r89 " -2 .... 5 ........ , ib89 "' -1•s.-,-111 .. , 
It ii theretcre poHible that tm bulk ot tb8 radio1tront1m 
produoe4 QZl\11 the fireball ha• oooled below t~e 10Udity1ng p 
tb• tt. llout de'bri1 • It thi• 1• tru., the re la tiTe aaount of 
in 1:h• oloH•iJ:I. tallovt lhoulcl not be &I great aa would be pre 
trom tuliOA Jiel41, ed. ahould. also be quite ~a'hlto Thi• 
ocm.t'ir•d. by •••ur-nt• •de DJ' ~FC»a'?•l (srBP /'14 ratio• 
mo•t ot the reault1 ot our own a11&lyH1. 

th• U't:r91119 n.riability ot olJf' 1Dit1al radioatronti• rHulta 
out Haplu led. ,. to quaatian the preoiaioza ot O\S' ohndcs.l 
&a a tHt, three -=plea ct finely powderga Jazii:leite ... re 
1-=e ohlllld.oal procedure. Th• rel.&tin Sr aoti"fity •• toan 
2.e, 2.1 and. z.1". cam.p&red 111th the theoretioal Talue or 5. 

?hia 41.morepency aay be poui'bly acooun~d tor 'by con1~4•riDg 
ot 1:h• im.ti&l aot1Tity •• i:Mluaed, ratmr than tiHion prod 
In a:r oaH, th• precision d maaurn.nt 1• ua1miable am 
that the Tariability ot tallout rad101trontim ii real. 

'the fallout aaaplH :Mm tor rad101tz'on.ti18 ftre taken. trc:m 
decay saapl.81 !'1'011 ?\al:ller-Saapper, I~ •ml 'O'p1hot.•tnothol1. 
aulta 1 alo12g with tlw tlwor•~cal rad101trontium 'ft lun tr cm 
Ballou are giTen in ?ablH i-6. 

l.o09tion Date -
!ubnll•1 1J 5/K/52 

Initial 

13T 
108 
1, 

108 
11' 
120 

•l9-

y. 

9.6 
e • 
9. 

16 
12. 
s. 

uot be 
t ot 

or ar90 
ote4 
I 'betU 
and. by 

1.0 e.' 
12.7 
15.1 
io.s 

'6.8 

9.7 
a.a 
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;~ (Thi• ii th• =ly series th& t shows higher masured. radiostron im -vallatl 
_,t th&A pred.iated. by the Hunter and B~llou otrva.) 

Table 5 

IVY r.a.u.our ~ G111Dcl hJ!!r) 

tocetion Date Imtit.l dim sr89•904l!! 

11/.5/52 199& 12.e 
ll/'iU 662 a.1 
11/5/62 !'TS 14.5 
11/18/&Z 915 '!O 

11/!/52 2130 ea .. 
11/1/52 '8t e.2 

Iwo .rm 

ll/.&/62 1700 t.3. 
ll/8/62 1%, 80 

Luson. 

lwrac• 
theo"tiO&l; 

'table 15 

tilmot-IROTRCLS atum (lirborne 0an2 ..... 
·t, 

Sra1-1od/ta too•tio1·· Date Iau.ti•l cl/. -
'11.At low' Aris. 4/19/53 2,980 llS 

-',lBO 81 
-

Gru4 Ja\atica. 
5/20/53 Colora4o ae,eoo 821 

...... att. uu. 6/ZS/53 oi,900 '°' 
Cartea.. Colara4o s/e/a T1 9ec> Tl.9 

Au rap 
::. !llaareUoal 

hllnbc tU 'OpUot!91Antbole HriH, a lkelltoa •litcriq: 
a1Jltaim4 lrJ l'fO to taka ~4 paper -.,111. TM 1aaple 
•'Wort wn poole4 ill croap• &Del nil tor r&d.1oatront1um. 
per era ot ~ are gh•n 1zl table 1. 

-~o-

. ..., ·:.: 

~ 
o.s•· 
o.a 
a.a ., ... 
3.·1 . 
1.1 

0.11 u.1 
s.s 
IS.I 

! 
1 a.t 

1.1 

2.1 
a.a 

1.0 

e.o 
a.a 
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~::=!!Sl!ll&E_ -~-~~r~u1·ct':A1°Slf Ejl;'#~h~:: -- -~ 
:···~. ;'~~--

lo. r4 
Sall lH 

119 

120 

1%1 

122 

125 

125 

- ":..-:!-:;r_. - ... 

-·· "·-

..-·- ,, - u.. 
" ,, -

.... ., ••. ·t - ·u ...... . 
,. ··:-:"'.'-'." ·:. . 

•
. j'·:.-;; ' .... = 

~at·s'-;'9• ·. .. ... .;..... . . -~;:;, " ,, 
·:~., ._r~.::~~- .·~-·~~. ·,'! ~ L.. ;f,~ r- - . 
-~-:~1j ·--~~~i·-=1091 (=-· -~.; ':;. c~' 

~~-;;~;·· ~·~··--•u.&1 ( . )~:; .... ~, ... 11.$ .. 

;_ s. 

·-
3 1 

21 

89 

1:.0 

o.a .. 

0.5 ... 
1.0 

-
o., 
_. 

0.7 1., 
0.04 

TbrH .. ,~• -~---· 1,,- aU.-.-.. ~; ~1': IJ'OUf'9 H 
prmOUI ·~! ~ffle.l t• -"• ~ ru.tlt• are lh 

:: -~.-~~-- ~- r"f.-.:: ,;~ .. - -' . -:: .,:. " 

rt•d m the 
bl Table s. 

•.; , ~t'~ :hn '*."'-' -llW'•.' ... . ~ _,•. . .: ¥!1/!i~' ---· ~._ .A.._i;jlil!lll~ "ii;• 
Sert~• ~~-_;~·A-·:-,~~ ~-:-i..:..· ~ :~:; ~::~o 99 Ir 0 

~-- -21-
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Table 9 

UICllSStfl 1) 

Tligbtl lnitial 
srB948rso 

31-90 
89 

Date 1.ot1T1 sr89-9D 

e/21 •.aoo d/• 3,560 7, 383 0.12 

l~O 21' d./m 212 99 S1 0.33 

12/a as,aoo d/• ie,soo u lHO 0.01 

12/u 1,400 d/• 885· . 153 210 o.u 

Thaoretioal (I~) 1., 
(tJI o.1a 
{USSi) o.04 

.lir 11.aplH oolleoted. OD.~ ro!t r.t !TO cluri.JlC th• ~-- ot D.o r 21" 
aha.cl r.n &T•rap ot o.oa d/m/• • ~ 'IDioh 0.02 4/-.la waa rad.1 atront:S.m. 
Th• 1trcmtim perceutap, u tor th• jet 1a.api.a. •• J1Uch high r than 
expeoted • 

.&. U•pllcm a'taiJlaH at.el pot waa QHcl to oolleot &oo•ulated raiJlhll 
am dry talloat Oil the not at l?O dwi.DC the period. ot lul1 15 to 
Dloember 23rd. ~ 1'80 d/llin., ot 11h1ah 7~ d/.U. wre radio1tr nti •• 
.&.gain the atronti m peroezrtag• h higher tha11 ezpeotec!. 

The azialJ"IH ot 1aaplH taktJl dm-1J:lC the tut period 1Dd1o•t. a lonr 
radi01tZ'oat1m oon.te:t thm upeotecl, *ile thoH taken well er 
ct.t=atiOZl lhow r. r.latinl7 h1ch raclloetroatia oOAtent. Sin tbl re­
oeirt hich altitude •r.•ir .. :t:• ciw 1;bt hiehHt 1tr=tim per n'tap, 
.. will 'be duou11ecl, it c' proba ... that &r.ou ... t1011 ,.. 000 r••· 
The late tarmation ot srS aul Sr o-..red to b 111'• ot th• tire­
'br.11 •Im it poHibl• thr.i; tb1T are •re b1pl7 cl11peraed. n. early 
tallou1: 19 cJ•t1oiellt 1A nUoatraaum. 1~oe the amllAr parti lH "­
main 1u.pem!9d, •il•~tlw later t&llon ud pr.rtioularly tbl erial 
•tared. iJl ~ tapper ataoaphn• o cmtaim a.n exoeH. 

The sr'°fttr-•' nt1o·are quite oomt&Jzt tflr r. pwll t1- linoe 
&I ~ izl fabl• Be Jlownel" tOf' .Ued. f'lllout troa JIOl'e thall 
the !z-9 jtaz.H ratio oazi. probably be u.ed Olll.7 u an approxilaat 
re la tin amount ot •t•rial trm er.oh •1"1•• • · 
ti. ml !ib•ot ot traotionatiou appeaH to be •in1•l. .&.1 
the Sr 9 •••urecl in 1oil 1- in good a gre._zrt w1 th the prt 
ty, ba••d cm ~•ur-.trt:• ot total t'a llovt ill the uea and th• 
oontributiall ot Srei-90. 

Qt 1.nterer.:; 1• the oompvison ot 89/90 •Hared ill bon• with 
prtdiotecl 1.A 1011. '?he latter 1• baHd aa. fallout •&1UZ"Hl&t 

the •c• ~ th• fallout iz:t';o ocm!.d.nn.t:1o:: .. I.: •1J•11 ~ l'1&ure 7 
ill bon.e 1a highel" than pl"eclioted by a t'aotol" ot about 2. 

= ;? -
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: 0NCLAS51 IED 
Stud111 ot Factors I.aTolved 1.n the Biological 
"IJptakl ot Radiostronti um 

ldeutinoatiou ot the propertiu ot soil which 1:.tlucce th8 Im ot 
radicatrontim by biological syat ... u a prerequillit• to tmdera 
th• aigni!icance ot the depo1itioa ot radio•ill'oatia in soil • 

Dependence ot srB9-90 ?ptab cm Soil Caloium 

'lb8 •ltsTille lzperimm Statio• baa d..aautrated tha't 
laborato17 aoib oonta1Ding Sz-89 • th• uptalce ot tllia. 11oto119 by 
11 depeDdem Oil the exohaqeable oaloi\la in tu 10!1 1:A •toh 
11 growa. !h.97 haTe dnaonatnted that tbu is libwil• true to 
b&ri'lm anct th• Health aad Sat'ety Llbor&tCl'J bu claomtrated a 
ahip between radim1 uptake and ezohangeable oalaila ill 1011. 

It, u th• Belt.Till• ccperimllt auggHta, 1:he radionrontim o 
plant. ii depeDdellt not alom 'lll th• a.o1mt at raclioatz-ollti• 
10U, bat cm ezcbazi.gea'ble oalcim u nll, a ocrrelaticm •hould 
betnen exohangHbl• oaloim and ihe ratio at sr89-90 ill UTHt 
to Sz-89-90 in soil tram -.hi.oh their tood ii der1Ted. 

To test this hypothuis, soils trom 1'1Te paaturH in ftriou pa 
the tJnited Statea "91'• &nalysed !'or radioatrcm.tiua &IUl ezchange 
oaloi\llle fhr•• lambs am two oaln1 that bad 1pe1lt tmir •n.tir 
tim in ~ ... pt.ltlr•• ftr• l&critic•d. am naplu at el~o•ton 
Pigure 8 is a pr11entation ot our data in the tona. Sr ill b 
iD •oil TVl\11 the r•ciprooal ~ excbaageable oaloi-. Tba•• 
the i'OnL whiob. would be pred1otable trc:a th• Beltnille aper 
a linear rep-eadOll with a dope ot 529 •• obtaimd. Beoaue 
t'n data, a o\S'n through the poi:ta ill th1a t1cur• 11 llot ab. 
eTer 1 a lat.1t 1quarH t'1t ot ~. data CiTH a 110119 ot '760 •1 
f'air agre ... nt ritb. the Belt1T1ll• data oam1dering the tn ob1 
1119 haw am th8 poaaible ditt'enD.OH betwHll field ud l&bonto 

ll•­
i• ill 

tiou 
0 0Dd1 ti OD.I • 

In crder to mphadu th• im~ortazioe o~ the ezohange&ble oalci as a 
}a1'&1Uter in th• relation1hip bnw•v. 'bO:• &Dd 1011 rad101t1'ant -· r1cure 
9 Pl'•Hllt• , ... radioatromilml nr1111 aoil l"&diH'troa.tima. The data thus 
Pl"•••ntecl •r• not IO c:rderly .. in ccapariacm. With Pigare e. 

Depend.eaH ot I& Vptab on Soil Caloiwa 

It a 1ild.lar clepead.enoe oil •zahaapable oaloim ooulc! dnum-
ltnte4 tor atural radi\111 w wo"1d ban & ••tul tool tor 9ft mtiAC 
the •111lif1oaaa• ot radioavontim d9poaition ill Hill. the :N • ot 
•rlcl ride la ill 1011 11 1mO'llll to a tint apP'ozUa'tic and be 'be'tter 
4et~cl it ued be. ?he relatiouhip at 1il1• clepoaition. to di• ill 
b.uaaii 'bo11e ha• bHn tmder 1tlJd7 tor 1om time. Our k:aowl•dg• the po• 
b1o Helium. equilibrium oould be uud to utiat• th• ultiate te ot 
r&d101tronti um. 

aae• 
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n­

m. ta 
atur•• 

data 
t be 

thi• labc:n.tary ..... ~ 1A oOD.jumtion with tbe leltnill• cro 
dtnlopecl •- •Ti&lem• that th• aptak• ot radim u dilpelldct 
oh&JaC9&bl• -.101111 1D a •mu •imilar to r•dioatrcmti\11 and 
order to twtlwr explore thu poH1b1Uty, the aoi11 traa tiw 
nr• .z1&l7H4 tatr radia, •• 11'n'• 1h• bonH ot th• llTe•tocJc. 
obtai•d are plotted a IS.CUI'• 10. !&dim 4-ter'IWatiou ooulcl 
oompletacl oil th• !1ttoa HaplH 'beoaQlle tmH •l'l"ind too late 
bc14 up ot d.aapter produe't aoti'Yi t)' tollonng eoparaticm ot 
228. 1he to• r&tiN obtaimd whaza plot:tecl apimt l'MiPJ'OOl.l 
oaloim 4o za4* •ow •• olear • l~r recr•1111on .. •• 1:1',. to 
fh.11 •Y 'be 4• to tb• taot thAt 1:'8.d.i \II doe• not behaw u 1tro 
or to a:aalytioal 4ittioulty with the low rad.itllll ocmontratio111 
Th• re1ult1 are a.ot oompletely cliloour&ginc and further W'01'lc H 

0 prait 
n41m• 

ohupable 
1trmt:lm. 
im doH• 
1011. 

1.nd1 oated. 

Ci:i'!rilOll ot ladioetrcmtim 1Jl VariOUI 
Bio 5!cal G;ei'lili 

Aune th• -..riou •t•riall which haT• bHu a.zaly1•d tor radio OD'b1m 
v• • ._ 'llbio!a UT• 111 o-. the taot tbat the S..otopH C...igizia •cl to a 
l&r19 extent tna Hill in tb.e re,ion ot • outmn •n Tork and rtben 
ltw JerH7. 1'9H ••ple• blolud• the lamb• •nd •ln• t'rm pa• ur .. at 
ltmoa am lutpr1, th• Jew Ycrk City aillc aupplr. 11,..u llilk an 1tS.ll• 
'boru t'roa th• •tropollta 1 .. York •rta. For the l.Ht two 1 ot 
... pi.•. the prUm'y origin ot 111• radi01tronti111 1•, ot OO'IZ'H, 1A 4CN17b 
but ill h'lalll.Jl •ilk q4 nU1'b_.1l aliklt there h Ubly to be a la 
t:ri'buticm ot •loim, md theretore ltl'cm.tiaa •ich ha• it• ori 
10111 troa 1:AUI v•. 

, 
!able 10 1~s .. 1r. b91ult1 ot analyai• ot tbeH •t•ri&ll. n will 
bt D.Oted that th• Sr -9 aot1Tlty •hen exp:re119d in ct/ai~p ot oaloim 
are ot tM 1am order. 

Th11 11 &pill a ten ot tu oomtanoy ct th• o&loi11a1ra4ioatront 
1n oalo1111 obtaiu4 frca ftl'loa plaoH ill ~· biolosioal tHd 
tbeH 1aaple• baT• in o_. th• fa.o1: that 1a o~ •1 or uotblr 
oalo1111 •• 4enncl Tia ftp11t.ticm, tb• o&loi•1racl101tronti• r 
wbich •• cle'Ml"ldMd 'by tll• omml&t1T• ftllovt 1a tlw pocn.pbio 
•ncl th• ezobaapabl• oaloia ot ~· HU. ~ •re liberal •&apl v•• and ....... oantu 1tudy ot 'ii• clist&JT habit• at humu• in 
u-n. •t~•cl ••• 1Ddioatld. 
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Cow Mille 

(powdered) 

(wbolt) 

Laib Bone 

BUMD MUk 

71tal Boa• 
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: : UNCLASS FIED 

TABLE 10 

COMPWSOM OP' sr89·90 II 
Tllibb§ kill lfm B6Rt §lJtiit.IS 

Dat• 

Star lac 1953 4.2 • o.o -
ilba 1953 3.9 + o.83 -
Jl!C 9/30/S) s.2 + o.sa -
l!'C 12/8/$3 6.1' + 0.92 -
Jl!C 12/22/$3 l&.l ! 0.12 

btc•n 10/53 u ... -
Ithaca 10/$3 T 

lnark 12/2/$3 20 
!. ' 

... rk 12/U/$3 10 + 7 -
v. ?. 10 + T.S -

l + .25 -

- 29 -

= +g = 

s.o + -l.O 

l&.7 + l.O 

6.3 + 0.7 

7.7 l.l 

l&.9 1.1& 

S7 26 

3.; 2.s 
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iui:itJ>hlriC Stonp ot ltroatim -fbt atmolJ>MH hal bem H1~1led at TariDu altitud .. to utilllate 
~reuntlT atol'9d 1zl napemled to~ , 

lfethcdl ot !9l1nc -
Lower .ltm£:• Net) - ...,lea were oollected at a 

lS c:abie ""11n P9I' e ca W ell.to tilt.er winch bu ca 
ot onr ~ at 0.3 llicroa. The ·~ .. were collected on the root 
1,. Iort Opvat1oD8 ottice. S~l• haft 'beq coli.cted contizmo 
12/21 - 28/SJ. 

~·· R5 - lt2~ tMt) - The npOll ot t.M tr0p:»p 
beta 1• 3 di'cr ff (Mi) eqQipped With cell..'lo•• til 
cat• 1uplu an ooU.cted at a tloir ot qlllraz:iaateq 6aoo cal:lio t 
minute. Tbl ett1.ci.af' ot collaction ot tbe tilter P•I*' &AHtlr• 
\he ranee 90-9S$ (AJIP"W'iX B ). Jbur tlichta UH bean compbtecl. 

• hu 
• DQpli­
per 

be 1a 

st.rare CLo - ~IX>O t•tl- It •u necuu17 tor th• Labora\cl7 
to dHiCD liid epeclii jmDt ?or H'lp'l1 "I 1n tld• HCiOD th• 
1~1pher1 troa wh1ch dut Md aot p:re"1oulT been collected • 

.U.thcqb.., daYio• 11"1 aTlillble tor aat ,..,1"' 1a the la1r1r t.Um'l•"· 
u- problw pr•nW 1zl t.U ,....,11n1 at 100,~ t•n alke th•• d "1CM 
eatil'llT UU\1.1t.abl1. Prellld.IW7 calcal.atiom laMICl OD tM 'Den • •t• ot 
G119c:ted oonceat.ratin ot &et.1 Yit.7 Mt tbe ~m ot "ftlla9 ot air to bl 
••pled at appl'QZiaateJ.T lOOO cubic •ten. .... t.bl oJal.7 pract1c •- ot 
att&ininc thi• altituda ii bJ •am ot ao~ibl.a b.Uua tilled ball.oou, 
consideration ot fti&ht ot t.M. 1upl.lr ud it.a jtelr-containld pGlrlZ' 111.ppq 
••re ot creat iJllX>rt. Tb8M tacton 1zl edd1t.1op to the CJ"Ht nduc 011 1n 
11r Pl'al\lre IDd tmpentun at \h18 altit'Dll1 PSWS>tld the 1.DT11t.11 tion ot 
tltctro1t&t1c precip:ltatiaD !or t.he 1oluUo11 ot' thi• problea. 

!'be •It izmt1D1 teat11n ot tbe electrHt.at.1.c F"iP1ta"tor ii the 
Ptl•ap ot air thJvqb the dlftc:1 Without ~ct.ion all.ori.Dc the 
az •Yiac etn.01aa117. it. t.Ma• &1.tit"CMMa, tM ••• ot pzooda01DC 
Uoa W1 t.ho'4t t.be u11 ot sa•li ""17 b1P "ftll t.&o8 ll"Ht.l.T rectacu 
qu~tl iD the charcinl dH1Cle 

PteH 111 naz7 t.eata 1D m nac:uated bell jar 1 ianrated th• t1uib 
obt.&1ninc COntollecl Caron& di1c:harp rutriot.ad to • lull l"lei.OD 'QDll the 
Clftt.:r.i. Wire at t.b11 pru1ure 'tlf uiq a qusi-coast&ll\ CV'l'ftt. r ftllPlT• 
~~~u illlicat.ld reuoaable di.-nliou •oald .tticimt.17 pnc pit.at.a 

"'-W Of 1nte:re1t.. 

~:"1o U Ulmt.ratu tb9 buic teat.un. ot tbe Uti.ce. It mD8 ot toar 
1'I ot 4• O.D. br 1/16• wall elnat mw t~ MCh lJ• lone• t1r1t 

:-:~ contUm m w1rt a- lone Nd1ac1DC tm imm' d1-ter to 2 78S• • 
.. 1'1re .012• 1D d1 .. ter i• 1upportecl ~D m inlul.ator and cent.rail)' 

-30-
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UNClASSIFIE 

~bl axil to the HCOM HCtion. Corona ii produced at the wire 

~·lone 1.nHrt• 

cold and third HCtiom han an inlid• di...t.er ot 3.87S• mi 
4)1 •:i axi.al electrode l.2S• in di ... ter. '1'he carona wir• mt.era th 
,-u cal end ot thil electrode llld ill llili.Dta1Dld taat l:IJ •&mi of azi 
.;lllri th• hid' 10ltap "PPl1' connect.a to this electrode (md th• 
...n~ 1 nitabl• iJ:lllulator. This d1wnlional coatieul'a~on wu Hl 
~ no corona 11 produced cccept in th• wire Hc1.~n. 

!\I to\lttb 1tctioll C01ltaim aD mtial t)'p9 o! blower ddiCDed for &Tia 
~ .,..,,, prft'ioua~ teated at 1trato91>htr1c alt1twt ... 

.. "" eadl ot the u1ub~ ..,.. titted with mtterf~ nl...a operated 
s'or mimted on t.he external surface o! the tube. !h9 actiT• port1o 
'"e1p1tat.or are lined with .3 1111 al.11111.nua toil -apon wbich t.be •Ull'l 

• •-U 
ot tbl 

11 ooll.Mt.ed. 

tu llicb wltace ponr supp~ ••• a ~tran• (Tibz'ate-tnnatormr) 
,, 1 pr1JllZ'1 -.oltap ot 4.S ~lte. 'rh8 no-load :.ct.1!1ed mi tilt.e 
"l\ICI ot th11 d.nice 11 lpprad.aateb 27SO TOltl am it delinn 
.,.raiinc conditioaa about 170 JJ& at 1150 .,.,lt1. 'rhil Wlit t.opther 
l~ hoar electrical iJlpul.H timr are coutaimd ·bra pre11urised cont r 
{) 1Ull1phlr .. ail'). the circuit UHd ii utre~ liJlpl.1 (11cuel2 • J. cmal 
c11 oza the t1JIC' operatH ·two nta ot two lll'itchM 1n acCDrdanc• w1 the t.iu 
M\Unp. The t1r1t caa i• Mt to cloee n1 tc:ti.a B md Bl attn the tiM tor 
MCtlt hu elap1ect..~~ 2 houn). Th•H R"it.cha ICt.uat• the Tt motor, 
.,.,unc tbe Talft1, tvniDC on tb9 hich TOltace md 1t.artiq the bl er. J.ftar 
~ ht umplin~ tim (6 hoQl"I) at altitude hu el.peed, th• DO cloHd 
ft\tchll A mi .A are actuated, tur~ ott the ti.Mr aD1 power npp • and 
uutzic the TalT11 to cloH {tbrouch a back contac1. 011 the switch, J. • The 
Woser 11 allo tun.cl ott b7 lwit.ch .Al. A back contact oa the bl,_ nit.ch 
MW be uled tor 0,1t.tin& don th• balloon load. 

,..., tor the bl_..r 11 obtd.Ded troa a ll"O'GP ot 1Unr cell• pro1'1d 
hr 12 uper1 hoar1. Under tblH coadit.ioaa (alt.it.le ml ?Oltqe) 
ID"' lOO ofll at lltit.Se ad coaaam1 l.2S aipere1. In 6 boun at ctll 
~· uU.t ••le• the required 1000 cubic •tU"W. J. 1&.S l'Olt. 3 AB 1 t ot 

\t.ui.11 power t.b1 U.r, B. V. nppq and ..-al. n 80t.or. 

~batten .. IDll preanri.Hd container u• hoU9ed in an wulated 
cauat.zwr. Thi pncipitator uHllb~ 1• IPrinC mounted 1.n a Hpara 
~ tl-1M. The IDtire UHllb}7 inclnd.1?11 batttriel am cabl.H 1ft 

3S P<nmda. , 

~~~ODI indicate that 111tb1Ja the ranee ot da.t particle Ii.HI iatvat, 
'-t.a \ II• th1 unit u 100$ et!icient. I>llt to th• lack ot tu., ti.cilDCT 
Piirto ne not 7et been llld1 on tbi1 unit. Pnparationa are now be nc mde to 
~1'1c:t!:!' thaee telt. under •imlated co.nditiona. The theolT ot ale rost.atic 

.... t.ation and calc:ulationa 'bued on tJU.11 unit are conta1.ned in ppendix D • 
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• 11t.e, onl1' om ""'l• troa 1000 cubic •t1r1 o! air at 88·,ooo tHt 
·· , obtained. Smplinc wu prnented bJ" •chanical tailur11 in two ot 
~iJ1tl• n1.1Jlt1 wn &Ide from Holloman APB, Hn Kuico. 

-· !!lf?llDI IMulta 

'rbl nnlta ot atm.pberic HllPlinC to date an p.nn in Table 
~ .ui 'be mted that .a91»t tor two ot t.be tour jet aircraft fiichta, 
~ coacentration.1 nported are reurk&bq UAito:na. 

-.1 yaJ.ue ot 0.06 d/llizl/ll) froa the 11.nCle 88,000 ft.. 1-eJ.e COllpU'll t wrib11'_ 
;~tll the 1115>1.M ooU.Ct.S at. root lnel (•• o.08 d/-./KJ, :rqe .ol&-. d/mfa'). 
w-ct1DC the two ~ nlue1 troa tM jet fiicht., th• reuininc two aipl.e1 
... ,... .01 d/m.n/M • 

"cm otter no conclmiT• aplan1t1on tor the two bicb pair• monc the 1111p1 .. 
coUected bJ ~·t. &ircratt.. OM mi&!Jt. 1peaal.ate th&~. beoaae thee• two lllp1u 
art cbll"&Ct.erised °bT 1Cm9bat bipr 8, to 90 rat.ioi ('tabla 12) .that •-.plH 
.,. dollin•ted 'bJ d•brU from the uma d.tonation• in 111d-lnpllt. Bo r, tb:i• 
~• i»t. too plaaible an upl.union iD Tin ot the tact that th•· tint .,i. 
,., collect.S abortq att•r th• lmuia tbenmnuclear detonation and t 
tecond hi&h •apl.• about tour .,ntha later. 

l•• to th• Re1idual 

It th• !?'lion Ji,eld ot MID wu ~ irr, the re1idual 1et1T1t7 at th11 
l.) 1 lO curial ot which th• Sr90 component 11 ....-matelT 2.~, or 
6 x ioS cur1... 'lf th1a ac:t.1Tit7 n:re 'Gllitoraq d11tri.bated tbroucboa the 
blldcet ot G.r 1.0' feet iD thicknHI ('Yalum • S ·" x iol9tt.l.) the co entration 
ot ti.Ilion product actiTitf would be 6 d/llizl/ll). The conceDtration ot Sr90 
would be o. 8 d/llin/'tl). 

•1i.ct1111 the two h1cb Talm1 tor tbe mmnt, the clata n.-t that 
•rat.Mr uni.tor. d.Upenion (.06 d/llin/K3) ot f1H10D prochact1 1D the 
;p to about l.00,000 feet. !h1a 11 eq'GiTaleat to abnt U of the 1'99 
1CtiT1.tJ troa MIU. In ldd1 tion, then U"• m ..ut.el'llimd aaab9r ot 
in '•luca• which to date hrn bHa obH"9d onlT 1A tba reciOn ot tbl 

n-.. Sr89-90 content ot tbel• 1uplH 1a CinD in Table 12 • It. will 
~•t. t.M1e iaotope1 an pnaeat. iD all a~l.. in mnmta that ucHd 
tonsidvable tact.or tb• percmt .... pndict.ed tbeoreticallT iD debria 
IVY, t!?Slar~Ol'JIJtE or tb• recent lJSSI Hriee. Qnl7 the 1~1.. co 
br Jtt d.rcratt. llan baa 11lal71.S tor Sr90 to elate. I! t.heH 1~le 
~•Prt•entat1n, thi• ieotope repreHata &boat. lQC ot the tot.al actirt 
0v t.1-e th• apect.S percmtep, U tha debJ'i.1 1a dae to KID. 
~ ot the Sr90 71eld fro• IID 1• Hti&&t.ed to be atond ill th• lower 0 the at11e1phere. 
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•• UN~LASSJ I ED 
TABI& ll 

co•SmA'l'IOI 01 ?IllIOM PJUmCTS Ilf ADl AT VARICIJS A.LTI'roDIS 

nat• TiM ot lumber W.hod 
-:~~ aad .Utituda Sapl.1llc ot ot 

Pl•C9 ~t .. t} (hours) S!!!plH Collection 

----8/27/S3 40,000 .1S 2 n.lten on 
(Cali!.) Jet .u.rcratt 

u/30/S3 39,SOO 2.0 2 • 
(1.11.) 

U/8/S3 88,000 6.o l m.eotrostatic 
(1.1'.) Precipitator 

12/8~) .3S,ooo 2.0 2 nltep Oil 1.9 1.7 
(N. •) Jet ilrc:raft: 

12/lS/53 1'0,300 2.0 2 • o. • 0.12 
(I.II.) 

l.2/21/S'J 200 l9 l Bi-llol. (MIA Co.to) O.O 
(l.Y.) 

12/22/$3 200 21i· 2 • o. , o.ola 
(I.I.) 

12/23'53 200 214 2 • o. ' 0.12 
(I.I.) 

12/'k - 28/S3 200 2 • t 0.01 
(R.? •) 
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TABIB 1.2 UNCLAS IFIED 

IAl>ICS'1'BJ ftmK Ollll'DT 07 m SIMPL§ 

az.89-90 ~89 SzoSIO Altitude Date 
~P1rcent2 8 aa,ooo• 12/8/SJ 39S 

JS-40,000• 8/27/$3 74 66 

200• 

10510b8 

8 
ll/J0/5'3 99 7S 24 
12/8/Sl 46 42 4 
l2/lS/S3 63 48 l5 
12/21~8 2S 

1JICllT or lUOIQ8?Jl>ftlU11 II 7 D ... llCllT Tats 
('l'heontia&l) 

az.89 Sz-90 
(Percent) 89/90 

IV? 1.8 2.6 .11 
111 

ua 
S.J. 

9.7 

i.o 
o.4 

- )6-

s.s 
~s. 
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E'f"i~encH ot ltinotpht~e Storage in ?al:out Oata -rn Fll\1!'9 13 are plotted the 111ean dailT f'al.lout, during th• latter 
l9~J, &t 21i 1tation11 operated in nrious parts ot th• world. The 1n 
d.lta oucht to be !ovnd ill Table l). 

th• rat• of tall.out in late Jun• is lu1•l1 troa trPSBlf-nmHOLI. ri•• in late .t.ucut u dD• to th• test •riH tbm 1D prope11 1D 
will be uat.ed that tM 1barp d•cl.i.M Cicb becan in .S.d-Septnber 
~· cozrt.inuiDc .. in late December. 

lbup 
• It. 
an to 

"1rth•r st.udiH vil1 b• reqldred in order to 1&t1slactonl11.denti!y t.be 
tut Hri•• that cont.l'ib'IZte to tJU.a law lanl depolli ti on. la noted arller, 
th9 recent debria ia con11iderabl7 enri.cbed in botb 1.aotopea ot 1tr 1aa 
~ad th• lftdl1al accretion ot th•H hotopH durinc the colld.ns ., 11 
llklly to be larger in uount than the et.l'OD.tiua that haa been d9Po ted 
up to tb• preHnt. u.. 
'!ttilll&~ ot th• Total D!posi tion ot 'Debrl.1 fl"Oll MUI 

The Rand SONSHINI group baa Ht1Mt1d that 1.e11 tban lS ot MID de 
w accounted tor dlll'inc tbe period Noftllber l to Dec .. ber )1, l9S2. 
estimate, derind 1ndependenU1, ia about. 4$. Tbit dborepa11e7 b 
etand&ble in 'ri.ev o t tb• vbi ~ral')" decision• tb& t ll!Ut be ud1 1n 
polatinc the data onr large ocean areaa vhere co MU'lll"ftlllta ve 

rnll Januarr 1 to March 1, 19$3, ve can account tor an additional .6' 
(O.O~er wek). In t.be tolloving moat.Ju, the debris v&1 dolldnat d ..,,. 
the !JPSHOT-INOI'HOLI and tJSSll 1eriH, and di!!e"nti&t.ion of MIO d bri1 
v&1 not poalible br Oil?' •thodl at S&J1Pllnc and analr-is • 

Durin1 tb• period ot lnnbn 16 to ?>ff__. 1), 19$3, w acccnn 
tall.out aot.i~tr equiftlent to a depoliUon ot 0.)$~ ot t.ba Nii 
'1.t1 fro• Mrl!. Tb:S.1 11 ot th• order ol o.U pe'I' nek a%ld t.1 not 
'1C'-\re 13 th• d1ol.1M 1a act.1 "1 tr appeu1 to be con~. Ve c 
~t th11 t:l.M HJ' t.hat tbe acti:ri.t7 cun'9~ly ob19"'•d 1a du to 
not tro• more recent detonation• in tbit cOlmtrr 01" abroad. How• 1"1 1! 
ve do a11ip. 1t to MRI, w comalude that at •It w can aocowzt. or 01111' 
an add1tioal traction ot a pereent ot th• debrla traa th11 det t.ioa. 

l1t1mate ol Jlbture Fallout, !a19d on lt.o!J!h•l"ic Sampl11 

'8&11d on th• tev data aT&ilable, ve vwld •.ti.mat• th• acti-ri t.y t the at11o­
apb1re up to l00,000 teet to be ot the order ot .C6 d/mn/a3 (. 2 d/al.n/tt.3). 

lpprox::S..•telT lOS ol tb1a activity appeu• to be sr90, It all o 
Ti tT la to be del>o•i ted on the urth' 1 rar!ac• in a ti• vhicb 
relation to the balt Utt ot sr90, the deposition would be ot 
20 d/lld.n/sq. tt. This ii an amount "11ch 1a equin.lent to the 90 deporited 
by all detonations up to the ;>re!l.-nt 1D ll'DSt of the United Stat s. 
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ft1.tOVf il ft.UIOIS Dr 1011.D-WDS llTllOB 

DUUm JllllOD IOVDBll 16 !O mcmnR- 13, 1953 

Detroit 
horrille 
Pittaburcb 
B~ 
locbuter 
... !&Ta 
Boatoa. 
••hincton L&1 .,., .. 
111 
Lo1 AncelH 
b.chorac• 
fhule 
Preltrick 
•acaald 
Guaa 
K=olulu 
Eetl&Tik 
It. LNi1 
lirolbia 
Caal z.. 
aoo .. 1&7 
lntoadl&lld 
s.n Brlulo, Calit. 

2 
.6 

2 

.a 

.4 
l 
l.l 
0 
l 
.3 

2 
.5 .; 

.3 
2 
4., 

o.61 o.6o 

.1 .2 

1.2 

0 

l 

1.1 

l 

1 
1 

1 
1.4 

0 

0 
0 

1 

.6 
·5 

Zero h equinlea.t to l•H than O.l d/ai.Jh 
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1.7 
1.4 

.a 
0 
0 
l 
1 

.6 .1 

1 
3 4 

l 
.9 l 

2. 

1 
2 

1.3 

1-4 

2 
0 
0 
1.4 

1 
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OE?BRAL CDNCU!SIOHS u N cl~ ( r' t t n 
W• belie.,. our most •1&ni!1cant !ialinp an1 

1. Th• d911endenoe ot r•U.ostrontiua uptake on 10U calciua. 

2. Th• rau"kable um.torm~ 1n the rld101tront1im act1Tit7 biOlolical 
mat1r1w 11hen th• conc•ntration 11 exprHHd aa d/m.n/p. ca. 

3. 0V inability to account tor tM bulk ot the 41bri1 troa 

4. Th• abHnc• ot IJ"Oll tract1.0nat1on ot 11 ther Sz-8' or Sr90 
lll~Hd. 

The data p?"OTide a tentat1Te •uure ot th• 1ip1.t1cam:a ot 
ZNCleao detonaUom to date. lb.at would•• ti.ad at• rean 
t.Mre •er• no iDterTeai.DI d8tonation11 Milk "-iDC the prino IOVGe 
ot lmMD Ca, n baft Htiated th• rat.e at. which Sr90 would depl.ARed 
tro• toil, H!Nllinc the &Yailcility HHiM .. it 11 •. Ap , diaCUHI 
this CfDHtioa tor two at:rue 11tuat1ona am conclllliu that ld.olocicll 
halt We troa aoil can n:r:y ri.de17 1D put.urea that. !Mel Iii con1 l.S to 
4.S 11an tor tielda troa which cowpeu are cropped cont.imlOu ml •hipped 
to cow1 that tHcl 1l1wher1, and 170 71an tor puturu in• h tha c:o1r1 
teed. 'l'he lNJ.t of the Sr90 1n Cue I ii tnmtened to ti amnd bi' 
cow• ted bi' 009peu grown •la•ha-1. Ben 1.1 aa •aple ot o • problea 
ot the Ull7 that make 1t dil'fic:ult to gemraliH lbout the cl• a •• haTe 
obtm.n.cl • 

6 d/mla ca 11 a repreHntatin tigar• tor az.89-90 ot which a out. l.S d./• 
11 Sr90. Thi.I oo~••• with 870 d/m/p Ca at tolerance (1 pc 1n a 111 
•k•l•ton cont ans nc i8 Ca). The ratio °f tha obHrncl act.i v to t.M 
tolerance actint7 &'lthua appraxiaate1r~· Potential cl9PQ• t.ion of 
material DOW 1t.ored 1n the atm-sihere c!du:Ia euil:r able thi ti.CV•• 
Thus, ft CID tmt.atiTeq conclud9 thet. it tb9 Sr90 iD 1011 ii not. depleted 
b7 biological a/or ph7aical pl'OcUHI 1Jl a decide or two, U a.wl7 
toned biolopcal calc1ua 1D lutern United Statu 11 now at riua 
With the 1011 (u ... to be the cue), a akeleton which be na to d1Telcp 
at th11 t iM would be expected to contain ~ of the tole ran burd111. '?hi• 
burd•n Will dimmlh al.ow~ nth rldioactflN""decq bat cm arklldl1' 
reduced b7 a ehU't in the 1quili.br1UJ1 betw11n •oil am biolo cal calciua. 
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EH! UNCLASSI iED 

l. ltmU.11 in the tiT1 putura1 1bould be c:ontizl'*'. b. addit.10 
puts• v tllo ba1"inc i.Dt•J'Mdiat• nl.uH ot 10il. caldwa 1hould 
1.DCluded 1D t.heH 1tudie1 • 

2. In order to pJ"OTide into mat.ion OD ~ rat• after & peri ~ 
1nerll 19an , ta llpature llppl'H1cb• lboald be uect in l1:ro1bia &Dd 
1qulki •leotizlc area within tM l9cal1U.1 11a·'lhich nl&t1n· hM.,,­
talloat 18 Jmnm to baw occarnd. ('!hi.I wu 1Dclm.d 1A ov er.._ ... _ 
FOP'• and Dr. Barl97 u plannin1 to Ti•it Japan tor thu pvpo 
PebraaJ7). 

3. 'l'h• PJ'Otna ot at.:> spheric HlllPline lhOQl.d be a:paadeda 

a. Balloon ucenta to th• ltl'l.tosphere •hCN.ld be coad.ucted 
wH~ 1chldulo durina e&m.K aal tor about l 7war t.ber 

b. th• teuibilitr ot obta.1n1ne ddt .-pl• trcm rocut• t Nd 
1ato the upper atmc1phen •hould be explored • 

c. l111111PlH of the !Utan !roa &irc:ntt 9111apd 1D ~ 
u .. nc. tli&ht• should be udo an.11 abl.1 to tb8 !toa:ic 
Colllil sion • 

d. the tilter equipped 1841a Ulipllel to 1111.wtok ahoald 
te cell1ct 1apl.. in tbat rec1on prur to cmLI. 

~. Th• mlk ID4 water 1uppl111 ft'oa 2 .. J ..i..oted 00 rmt1 
lhutecl Stat• lhoald b1 calTla4 .. ~ tor 1r90, Tbil data 1 
oorrelated with periodic poolAcl •1111111'1.M of urSM and 'bet. 

;, b 1t0r1't-stdA llDnitor natwerk 1bn.l.4 oont.1- iatact tor 
a J'Hr tolla91q CJ.STU. CoUeo"ien .....U be ea a .... ~ ra 
dailJ buia 'blCUmiD.I about JO dq1 attar oeaaliwion ot thl op 

6. The t\JmZ' prodacine lNrd•D •t Sr'° 1D UTut.OC:k •tmuld bl 

7. Bnt•r •uw...rt.1 than are llOlr aftilabl• 1boald be uda t th• 
loq l1ftd &lpba act1Tit1H of boab d9br11. 

-U-
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•Wioactin Debru troa Operatioa.1 But.er am 
Jaqla•- Jmm&Z"J" 28, 19$2, &.al.th &ad Satet7 
Din.a.on, US.de, IMX>. 

111tadioactift Debn.. tr• Operatio·m '!'mlblH' and 
&napp.r.• - Put I, Health am W•v Dinnoa, 
tJSdC, Ira> - JamiUJ" 12, 1953. 

1Jt&dioct1.,. l>ebri• Proa Operati.oD ~v•->.pril 28, 
.l9SJ, Real.tb Ind Satet)' D1Tia1on, 'OSAIC, ltCX> • 

In preparation 

'n\e Band C>rporation - 119)rld-wtde lttecta ot 
Atomic •apolUI - Projct SJB:!BIB• - Aq. 6, 195 • 

•SiJW.tmeou.a Slow Neut~D Fiuion ot tr-a3S Atou 
I. Ind.1Tidual. and Total lat .. ot Decq ot the 
Puaion Product.a, H. r. Ru.nter and JI. E. Ballou 
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APPENDII 1 

'l'h• anal;rtic&l aethod1 uHd tor d1t1rm1ni?ll total radio1tront1 
total 1tzoonti\11, sr9• and rad1m are i;i.,.n in detail in th11 
ap-o1nd1x. Th• Mjonty ot th• 1A11ple1 1n=o1mt1red nre bone, 1 
ftllt&tion and tood1. 'llh•r• ditterent proctd\Jl'H &l'I required 
handli~ th•H different types o! 11~le1, th• method• &r• giv 
ltp&n.tel.J. 

Th• actual a1thod1 are l!l'lf•c•d bJ chart• tor detend.ning th• 
theoretical oontri~"cm ot rad101tront11.11 to total t111ion p 
actinty and t.h• lr .. /!rH acti'fit7 ratio 11 a tu:nction o! t1IL 
line• bUl'lt. 

Th• 11ethod1 nported IN tho1111 ac:tuall1 uaed in th• anal.J111 1 
in th11 J"tport, but a l'IBHJ"1 at analytic1l denlc;aaenta in p 
is 11ven at tht end of thi1 a~ndix. 
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CHARTS F~B SIRONTltlt UT lAIIED rISS'IOR PRO~TS 

In a &inn aarple contaimnc th,. fislion rir~ducts ot Pu or tJ'H it 
u nec111&l')' to have a theoretical measure of th• (Sr.. + sr•

0 
)/ 

(total !ission activity) rat1c aa a tunctir.n ot time. 

Hur.ter and Ballou have derived atr.raxim&t.e ni:renior.a tor total 
tission product activity as a !-.inetic-n ot tiJDe. I! it is expressed 
in ldnutH, these equations ares 

A(t) • (l$6000)t-l:H 

A(t) • (2400)t•lo03 

A(t) • (2-16xlo•)t-1 ·•
0 

l day ~ t ~ 4 day• 

4 days ~ t < 100 day:s 

100 days ~ t < 3 years 

At 130 days atter burst tiJD9>Sr19 and sr•0 contribute 10,: and 0.35 
respectively to fission product.activity. The ratio o! ~ ,,.. tor I:' • :I 
any tille is then calculated !rem the Sr hal!' lives and th• A(t) 
!ormulae. This ratio has been plotted in Fig. A-1. 

11th a knowledv.e ot the per:er.t c~ntribut.i~n ot each Sr isotope to 
total activity: the disinte~ration rates o! sr•• and sr•

0 
at a~ 

time are readily obt,ai ned using the A ( t) data. Th• ratio ot Sr 
0 
I 

Sr .. has been plotted !rem l-1000 days in this manner in Fig. A-2. 
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mcwsnrm 

Table A-6 

8-pl• laount bount 

.!R•ht I3ptp Added :\p ppt ...L 

(SP• C113' 65,000 d/a DODe 0 

(5 ... c,ia, 65,000 d/a none 0 

~s ... c.1••. Pr~ .. ~,OCIJ d/a DOM 0 

5 P• c.~~. ~·~ ~.ooo d/a non• 0 

cs ... ,.i.., 96,000 d/a non• 0 

cs ... ,_i.~, 96,000 d/a non• 0 

Th• tiW com:lu.d.on 11 that th•H 1aotap., do not 1~1"­
f•r• in th• •thod o! anal.J'si1 uHd !or 'bone 1mplH. 

~s7 
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ilil?TICAL PIOCIDURE FCR THE ~RlT!OH or TarAt 
ftAMPmf.OmlJI FP.Oll A 100 GRAM SAllPI.! OF SOIL 

le l>ry t.be entire earple in an onn at uo0 c. 

2, Sample, vi.DC 1tandard aampli ~ procedure (quartering ])r 11) 
u=u appr.oxiaatel.7 125 gt"au c! soil is ob~nr1f'd as a r ... 
1entati~• 1ample • 

.3· Ignite in a nickel cru:ible at 900°c. 

4, Wei&h out lOO er ... o! t.he ignited material. 

$. l.dd LOO &r&a• ot NaaCO, and mix thoroughly. 

6. rue in a autne at.·900°c (m:1rd.a"m t1111peratare) tor uS 
(111.ni.Jlm t.iae) until the melt ie clear and hcao1eneoU1. 

7, Cool b)' ime!'Si~ 1n a bealcc- o! cold water, ia.tbd:rawinc 

,,, 

at tirst. Continue inlersing and W1 thdrninc until th• ibl• 
is cool enoucb to place on & trann te board. The HaeCOs should 
not be ftt. at •?11' time. 

8. llhen the crucible is cool, tum it ui>81de down, t&'? the ottca 
with a p11tle and allow the solid !uHd material. t.o tall int• 
a aortar. 

9. Break up the !used material in & hand CZ"inder, transfer o an 
autoutic en nder &nd cr1 nd to • !ine powdel". 

10. Transfer the sroum tuaed 111&tertal to a 3-ll ter beaker 
ins !t>O ml ot hot distilled •ter, st.11T111i comtantly 
the particle• are dispersed. 

U, Add slowl7 'tlith co?ltinued st1rr1~, 1000 ml ol 60~ l:!:l 
ii sutficient to neutraliu the !used material a.nd all 
exce11 ot acid. 

12. lftporate with mechanical st.i?TitW until denn white 
&re detected. The silica 1s mw deh7dr&ted. 

l). Dilute to 2.$ liters with distilled water and allmr to ottle. 

lh. filter the silica ?n Ho. 5 Wb.atun paper with suet.ion. 1fasb 
With 230-~ Ill ot hot 5~ BCl, then with 250 ml o! d!.s lled 
watel". Trmster the filtrate and waahincs to the ori na.l 
beaker. 'Wllsh the silica with lS S.SOt, and discard th 'll&lhings, 
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'-oft th• 1il1ca trcm the tilter pl!per and d1"7 1D a 110° 
onn oHrnicht• Break op the agcrepted material with a 
aortar and pestle, then tr&M!er to a 29) al plat1n1lll dis • 

i6. lo11ten the 1il1ca 111 th lOS a.so~, then add about lOO al t Br • 

17. ln-porate on a •and bath to !Os !uaH to TOlatiliH the 
Cool and ~latt with distilled ftt,.,r, t1"llnst'err1n1 the r 
inc 1olution to the original soil b.:.trate, a.nd add 20 
C&rri.C'e 

18. ..utraliH the tUtrate with llaOB pellet• until the pB 1 
.lt tni• point add 1low17, with st1rr1nc,- SO era• at ... 
allow th• precipitate to Httle. Filter tll.roueh No. S 
p&ptll" with wction and discard the tilt.rate. 

19 • 1ben the prec1:p1 tate 11 dr1, r•on trca tb• tU ter pa 
trauter to the oriP,nal beaker. l>111oln in 200 al ot 
t:rated BCl and enporate elowlJ t.o drJneH. Do n0t bake 

20. low add 460 at ot distilled •ter and stir '1lechan:1.call1 
th• ruidue is completel7 d11perHd. 

21. .ldd slowly, lSbO ml ot 90• BR0
1 

with continuou1 uchani 
rinc and allow to remain atirnnc tor 1/2 hour. 

22. Allow to Httl• =til th• supernatant i• clear, then dee 
much 75• HHOa •• po11ible • 

2). 'frauter .the"precipitate and r--.1.ni~ acid to a 2SO ml 
tuc• bottle, centri.fuc• and decant., diacarding the 1up 

24. CU'TJ' out another 7SS mrea Hp&ration 1llliDI a Toluae ot 

25. .lt thil point the bulk ot·th• calciua should b• rmOTM 
1tront1ua nitrate and imoluble uttrial. .&.dd lOC' ml 
distilled water to the precipi tat•• centntuc• and dee• 
& 2Sll ml beaker • 

26. Walh &Caih w1 tb SO al ot bot d11tillld water addi.iic th• ·~•r­
nataut liquid to the bNlmr attar centrituption. 'l'tie Hid• 
can now be discarded. 

27. lnporat• th• tiltrate slasl.7 to d:7n111. 
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28. lbw CUZ"7 out a ti~ 75% HNO, aeparat1on in tlie 250 ml 
b.U.r. (100 al Tolme) 

29 • filter thJoouch & nuorothene tunnel OD & glaH tibre filt. • 
Trau:ter th• !uzmal to a ci.an tilt .. fi&•k and wash out • 
acid with •lllQ'dz'ou ethyl etbar • 

J). nu• tti• tilt.er m 1 l:Tasa M•e _.d r1 nc 4uatl1 (Trace lab)• 
COY_. 1li. tJl 0 .JO) inch plio£1Ja &ad ft Cow:rt.e 

Reco·.-.17 ftl.ue1 a-e ot t.he OrdC' ol 7SS ror t.b• 13rocedare u • on. 
Tbi.1 ••thocl -. Hlected im.tial.17 to be certain ot obtli. nic1 
1tront1• Nprdle11 ol it.a it.ate. HonTer, teat.a ot le&chinc 
aethoda lbond 1ood recoftriH, and th.,. an to be prere:rred t r 
h&ndl.iiw l&rse A11pl11 ot 1011. fh• tollowiac data givee a c 
1aon ot J"e1ul.t1 by d1.tterent aethod1. 

s.i. lo. Source ....1... 
llethod ~d/..J 12 

..L 
112 .llb&ey, 11.Y. o.14!'0.oe o.U!0.001 
llA Lopn, 1Jtah o.16!0.os 0.012!0.002 

98 Lamont L&b1. .oe!O.o4 .08~.o~ 

Mttbode 

1. COllplet.e 1olution •• d•cabed. 

2 • I.eachitie 10 mimztH ri tb 6 I !!Cl • 

). Leach1ac 10 Id.nut.ea with l K Amom.ia Acetate • 

fbe l'1"opwti11 &ad &bandance ol t.he lonc-li'Hd ti.Hi.OD produc 
11.nn in th• 11otion on bone aml.7811. The .ttect ot addi~ 
tollcnd.nc mt\21"1 ot po11ible i nte1'termc11 in th• anal.7111 
II'• •ail .-pl.. ii g1. nn in Table l-7 • 

wre 
ot th• 
1.00 
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Th• sUn>lest aethod ot analysis is the di ?"ect solution a! b e ash 
in Hlll3~ dilution to suitable "f(')l'm.e and determination ot s ntila 
content by n•e -photeeetl""J'. This method is sublect to err ns ot 
1uppre11ion b7 extraneous elemcts in the solution. The de ree ot 
this S'U!'PNllion was determined by the addition or known q ntitiH 
o! strontiua ta soluUons o! boM aah which had prni.ous!Jr 
measured • 

The d!.rect analysis did not ha11 aut!ieien•. ziensi tivity, s 
Se"?&ration ot 1trontim trom calcium was made by a double 
J'l"ecipitation. 'rhe rerults ot the first ·~ ot teat. on 
bone sa.,lu are shown in Table A-8. 

_Table H 

R•cnxrrx ~r 3tro0 ti 1 • 

Sumle No. Sr Add1d Sr lound -L. 
l 0 mg Oq 
2 10 7.5 7S 
) 20 20 lOO 
4 . )0 26 ~7 
s 50 47 94 

The lor recover")' o! the 10 111 quant.1 ty and the absence o 1tzoontia 
in th• non-spik9ft sample is attJ1.b\1t.ed ta th• lack ol ,, able ut-
eri.al to !ora sutticient precipitate to c&IT1 down the concen-
tration o! strontiw. It is INlt,Htlld that 1.0 ag ot bar ua be used 
&1 a collectinc agent tor l art cone mt.rations of etronti 

'11th the carrier, the r.conry !or low strontiua •s 'bro 
over 90~. A set o! spiked bones 1'0?'9 Mm at lower strn 
with tha results shown in Table A-'J. 

TiPle A.A 

Stt?r:ti 'I.Ill R.:Mery (B1ri ,_ CUTier) 

Photometer 
sample No. Sr Added R~ts;,ng s 

l Oq 9 
2 l '39 
) 3 46 
s 5 err-scale 

'l'he bone sa:'Ole used !or spiking (~utation !rom Bell .uo Hospital) 
ns 1hown to- contain 0.019% Sr. 

TJN:IA SSIFillD 
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AlllMCAL JIROlla•u 10R THE S1PARATIOH ~ TO'tAL BA.DIO­
STl!mll,,.. ffR!.ES or V!n!'UTIOB !ND Foore 

~. A1h th• .-pl• in a nickel "1'W:ibl• at 9m0 r.. 

2. 18timat1 the uiaant ot ash, add tour t1aH thi1 wei&ht ot 
...eoa and rue. 

), 1>111oln, raow lilica, and collect th• strontium b7 
cU'bcaat• precipi tat.ion as tor •oil. 

4, 1lv.n a double nitrate 'P"C1pi tat.ion u tor bone •ine acid 
TOlllHI ot 200 ii.l. tor the tint precipitation and :0 Ill tor 
the second. 

WC WS11IID 
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l •. I.ah t.h• bone 1uplt in a nickel crucible at 900°c. 
, . . 

2. QT1nd -in &. aortar to a tine powder. 

3. 'ltigh •:·'lt 5 1raa• into a 2;n .U ,.m.ntuge bottle. 

U.. . . .ldd 44 Ill ot water and _then slowly a¥, 1~. ~. qt_ ?0% .. 
.,.tl.i~rio acid to :brine concentnt1.on w: .. ~~~ iuiJ~ .. ·: _ .,:~ 

s. 1
·£!d 20 ·me· ot Ba++ carrier (a.e sun..> in 2 ml ot solution. 

6. :~rrapi~ for thirty llinutea (ucb~c.;i.17)~ 

7. ·aentnt"Qge !or ten llinutes a.t about. 2000 r.p.a. 
1

8. ·_J;)ecant and repeat steps 4 t.hru '_ T at .. '1.h· Uie oriiital.. wl ... 
9. Decant H much ot the liquid aa poal'i'bl• and trans!_er to 

100 ml beaker with water. - . .. ' " · · 

1.0. hporate to dr)'nesa and pick up w1 th 1D ill ot concentra 
nitric acid. 

11. "ACid $ Ill ot 1000 ppa Li solution, dilute to 100 al and 
.Dr n ... photometry. 

Th•r• 11 ao agre.ent in the l i terat.ure aa to the strontiOll c ntent. 
ot the nomal. huun being. In part th11 11 due to the nri& lit7 
ot &Tail.able stronti\a in dit!ereot Hctt-t:Jr. ot the countz7 9 tbe 
1t0rld, and in part the disagre•ent is due to tb.e •thoda ot aal.J'-
11• uaed. 

'fo rHoln the dittereneee !or our own laboratory 11tudiH 1 a 
was .ad• ot two a.t.hods ot &nal.J'ris. 'rtiae. did not pend.t a 
prOgl'911 of sampling · &nd analysis ot bones fraa HTC'al. indi 
in 1neral loc&litiH to be made. 

Th• data ot Hodges, et al (U::LA.-47) showed a r&tlge ot 0.01$ o.ot&o% 
ot atrontiua in tnaan bone.. Preliainarr teat1 here showed t e percen­
t&&• to be in· this range, which ellld.n&ted gra'Yiaetric p1"0C 
Tberetore, !lame photometry was :selected aa the analytical 

UNC USSIFIED 
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llALmCll. PRQCED~ FOR m:rmDUNlT!Olf CJI ~o !? 
SIPWTIOlf AND COtM'INQ r:J' yeo 

... itt•t •.!!• '9IDJ'll• c-n the brass '!.:.l..::"" ~"., been e;eunted for 
total 1tront.1• and hu reach•d equill.briua, it u.y be ·1111ed 
tor i-0 191>&ration. 

21 Comt th• umple and record data. 

). ~ the IUlpl• trom the braa1 holder. 'faab the holder 
witll about 2$ .i ot wter. .&.Uow waahinc• to tall into 
beabr with the bulk ot th• p~er. 

I&. BriDC to a boil and tilter thru No. 4l ?&J)tr into a 9:> al 
platima dbh. Wuh the beaker anrl paper w1 th a~roximat .. 
lT lS al more ot water. 

5, lnporate to dr)'neu on a sand bath. .Add apprmaately 20 
ml ot Hr and evaporate to dl'j'nHs a1atn. 

6. Pick up the residue with a~raxia&te~ S drop1 ot BCl. Tra 
!er to a beake'l" with water. Brine TOl'IS• to about ~ .i. A 
lO •I ot lanth&nm carrier. ('I'bi1 carrier auat h&n negligib • 
P act1 'rl. tr) • 

7. Brine to a boil and adjust pH to 6-7. .&.Uow to 1tand tor ab 
15 ld.nut.H and tilter thru a l-1/8 class fiber paper. Place n 
braes holder. Co.er with plicd'ila and count. 

~. Record tia• that tiltntion wa1 completed. Coum and record 
co=tin; date and c·o=tinc ti&•· 

9. Observe decay -0,. count.inc at appraxiAately )-day intenal• 
tor a period err about 12 da71. 

The procedure _, tea ~•d b7 aeasuri~ the rec:cmt17 ot l8i. added 
solutiona cont&in1J:W 20 a1 ot Sr aa th• nitrate. The reconrits 
found With either paper or 1lan fiber tilters nn ~4-99%. 

tlRCWSIFIED 
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Alflt!TICAL P!OCEDOU FOR SEPARATION t.?m DE'I'ERMIW. 'l'lCH 
SI' RAPif.lf IN BON! 

l· Dinolv• S crau nf bone aah in 10 al ot RCl, be&tillg gently. 
Ad~ d1atillP" ~=-0 "1'til the vol1.111• 1 -: iro Ill. 

2. Adjust pH to 8 With NH.OH, eentri!'uge &rd decan~. 't'hia ~·­
cipitates th• phosphates and hydroxides, coprecipitatin; the 
radilao 

3, Pick ?'Hi.due up With HCl and HaO, tollowing the procedure in 
Step l • 

u. ld~t pH to J.s; add 10 aa ot SO: aa (N& )1SO., and ) me o! 
Ba • B.so. and soc• CaSO• Will precipitate at this point. 
Centr.1.f'~• ~nd decant, savite only the precipitate. 

$. Add Bel dropwise, Ul\itil the bulk ot the C~ goe• into 
solution • 

6. Dilute to lOO .:l with ffsO and adjU3i the pH to ).$. Allow 
th• B~ to Httl• and di111t crrern1&ht. 

1. Filter t.hrouch llo. la llhataan Filter paper and 1"1it• paper 
at 700°c in a plat1nm crucible in autne. 

~. Add 3 ml ot concent.ra.ted HaSO. to the pl•tinm crucible am 
25 Ill ot Hr. Allow to enporate sl01l'l1 on a sand bath until 
S0s f'umt1 are ginn ott. 

9. Rep"cipitat• 'BaSO .. in a Sowl eeat.ntuce tube, ulinc a rub 
policaian to tran1f er the precipi tat• traa the platinm to 
tuba. Allow to dicHt overnight. Take ~te of tae ol pre­
cipi tat1on • 

10. Ccitri.ruc• !or 5 111.nutea and decant. "'fub twice, !irst wit 
1.0 ml d11tilled ftter, and last 11:1th lO al ethyl alcohol. 

U. By uans ot a t.r:mster ¢pet and ethyl alcohol, trana!er th 
precipitate quantitatively to a nic Jcel disc. 

12. ill.ow )) days tor the radiua daughters to ccat to eqe.U.libri 
am count with an alpha scintillation counter. Or altern:i 
17. the !inal equilibri\D Talue uy 'be calculated !raa th• 
mea1Urtd disintegration rate at al'11 till• and a factor tor 
traction o! eq'llilibrium nlue aisti~ at th&t time. 

ORCUSSIFIEI> 

105108b 

00131986. 0~7 



.. · 

.t ,. 

·~ 
. . 

.~ 
,. 

·' ...... 

. ~ 
... 

, .a 
.. . 

.. 

.. j 
. \ ,;_:...·· 

·:·~: .... 
""'·· 

- -·-.... -

Ammcu PJIOCEiJtlti FOR THE SEPWnOlf I.HD DITmlilNlnON 
(I' !l!W'Q( IR lQO ORAKS r8 S)Il. 

l. larcept. for the additinn ot 20 q o! Sr•• carrier, Step1 l 
l! at th• Sr•• • •o prCC" edar c a.rs c \rried out. aactl J tb• 181'1 

•7· 
2. Iha tb• cvt>o•te pncipitate 1• dz7, l'laoT• trca the tilt 
~· md t.r&DltC' to & P1NIC &l&a• tn.7. -

)o Pl,&ee in & lDOOC Oftft am m-t O'Hrail)lt • 

4. low break up th• qarep.ted utarial. With a 1p&\ula am c 
a1 •11 u pa11ible W1 tb a patle. · 

s. 1et~ th• u.terial to a 100°0 nen and df7 &pin • 

6. fiMl.17 pl.ace th• dried pncipi t.&te in a copper ?'I.don co 
iac tube. J'lq up both enda Witb P1l"8 wool, nu1b C1111t 
tube 11'1.th bJdroc• and t.hen seal. lecord the tia•· 

7. for tul.l ICluill'briaa, allow a J) da7 b111.ldup, but shorter 
buildup tiaH are UH&bb. Kea1are the radon in an ionls tion 
chuibu radon CO'IUltiDI &l)par&tu • 

'rhi• uthod ot radon collection ii rel.&tinly untried, Wt a 
H•Pl• can th• tollOll'in& reaul.t, 

l.dd!d 

0 

I Ra per I Soil 

1ound 

5.2 s 10-u 

8.1' s 10-i.a 4.4 x 10 

keel 
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!be Imtrlaeata Bruch o! the Health &Id S&!'et1 Laborato?'1 ha 
dn-1opi111 a 1eintillation a.nti-coincidmc• cowrter tar loll" l 
beta •uw .. nu. '!'hi.1 11 designed a.round & solution pnosph 
taimnc th• actbe uterial 1n a TOlua• ot S to 10 al. The p 
ba1 been worked on by t~ree P"oapw; the A,,,.lytii:al B.,.anch dn 
the Mt.hod of obtaiD1..Dc t.he active aat.ertal iA aolution, Pro! 
hll•nn ot 1!'11 war1d.nc on the dn.lo;aent ot tlw optiam pno 
am th• Inatriaenta Branch workicc on the developamt ot ina 
aent&tion.. 

'?'he chlmic&l op•rationa were larg•l.1 dH·oted to th• Hparatio 
'18° trcm .th• rad101trontiua plua st.rontita carrier obtained 1 
:nonal. chmcal procedure1. It w.a deainble to extract th• 
into an orsanic 101.....rt. that would al10 be & sui t&bl• 1olTeu 
the fiuonJ such a1 tG"phe07l and the sub1tituted ant.bracene. 
Initial aperiaent1 lhond that certain coaplainc agmt1 
gave orgaal.c soluble compou:nda with I &110 acted as qumch• 
the pbo1phor. This •s true ot TTA (th•DOTl tri!luoroacet 
other reagents aucn &1 ox:i.ne gave poor extraction coet!icien • 

Tr1'tnzt.1l phorpbate (TBP) has bHn UHd in the a:traction ot • 
earth• trca nrr stronc nitric acid solution. 'l'h• rHulting orsantc 
la7era, bowenr, 1"1"9 !'ound to show ftlT creat quenching. I 11 
du.e to the prueme of nitric acid 11hich also atract1 into 
It was not poHible to wash out the HNO,, &a the ! acti Ti tT 
r.ond 1n the proceH. 

ltrtractinc Y trca saturated ammom:aa nitrate solutioua with 
pv• an arcan:Lc layer llhich could be prepared u a 1ood liq 
phosphor. The l"lla• heights obtaimd are equiftllll't to pho 
prepared "directly !?'Oil TSP. Both 75% and 9JS satu~ted -~ 
nitrate solutions &110 1an good ext?'9.ction result.a, allowi 
easier manipulation than i!' completel7 saturated • 

Thil tec:hmque should allow the :rw&d)' ae&1ur•ent o! "fer'f l 
ot yeo a1 carrier-tree isotope, since the backgrOQDd at auc a 1c1n­
tillat1on counter cauld be aaintained at a low level. 1'his proced­
ure •7 &110 be Uled tor detena:inat.ion ot c.~u which 11 on o! tba 
known non-tractionating t111io11 product• present in aged r lout 
debris. 'l'he second develoi:aent is the use ot a comparativ logari.­
tbaic &baorption plot tor iaotap• ident.U'ic&tion. In this thoc!, 
the lopri tm of the rel& ti ve acti vi t7 of the \lJllmown wi tb rl.ou 
al\llinlll absorbers is plotted against the logari tha ot th• elati n 
acti:rlt.T o!' a known iso~pe such as ~. The slop• or the ting 
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strai)'.t l!.: . .- i.; a r·.mct.icn ol' l.Oli; bt..:t.a 1.mc.:-~;:r of ~.hi; u:'ll:novm 
i1otol'• and the intercept o! t.he line wi. th the ~oro ab3orb.r s 
represent• the relatin •ount ot th&t iaotnp• present in a 
llixture. 

Th• adnnt&i• or thi• method lie1 1.n it.a iq)-0Uca'billt1 t.o low 
cou.ntinc levels. 'rbil ~' po11ibl• becauH the liD8 slop• can • 
detawined trca light Aosorber1 rather than th• h•"7 ab1orb1 
required tor Feather anal1s11. The •thod is in tent.atiTI ua 
for iaotol)• charscW:riZ&t.ion for aixture1 ot iaotopH and sh 
'be &1'\)liC&tlle to dttend.nation of Sr89 

f90 r&tioa • 
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APPEND!% B 

UTDIA'l'I 01 OOLI.-:rlOI KPP'!CIEll:Y or Fn.TERS usm II m 1 

P'UtG' P&i-1'9 were placed iD HriH dvinC tlro tli&ht• • If W U the 
tlll.el'9 do not. 11pit1cant.1J d11criain&1.• a~cordinC to particle tis , the 

1tt1cieDC7 can 'be ..tiated u tollDwe. 

Let Jl a traction ot aetiTit7 ntaiAed on tilter 

C a JctiTiq in "fOlme ot air 1upled 

1
1 

and '2 = .lctirtt1 collected b)' tint md HComl 
!iltva rupectinl.7 

Then 
11: BC 

'2 = (l-•)lE 

ll :i-12 
Il 

·.. Th• !ollorinc data nre obtainld1 

IOTab•r 30, l9S3 

!'ir9t filter ill MriM 78o d/aiA 
3ecoad tilter in Mr1... 60 d/mn 

'·. Jl • l - 6o 
'8lS 

•• 92 

.. ·~~ .. 
. .... . 

. " •i. . Decnber lS, 19S3 

.. ! Pir•t tilter in •1"1.H 2070 d/siA 
Second tilter 1D Hrill J.40 d/llin 

a= i - ~o 
2070 

= .9S 

-69-

: 
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iPPENIJII c 

Tabulation ot Anal)"t~cat '••ulta 

Tbr• tabvlatiou ot &.n&l.Jti,cal data are collected 1D this 
appendix. 'rh• tir1t 1• the llllaU'J ot zienlt1 !rca the !'1 ft 
Hl~ed lit.ea, the aecond 11 a smea ot PliplH obt.111.ned r 
tCU, and th• t.hird 11 a collection ot 1D.1eellaneoua anal.J9H 
duriq th• period. 'm\ile th• re1Ult1 ot th• la1t two group• 
not UHd in draW1.Zll the conclwsiona reached in th11 report, 
ftluee obtain~~ are 1"9POrted bere tar caapl.t.1nea1. 

Th• t1rst gro~ ot 1qplH !rm th• t1 ft selected 11 tea incl • 
anal7111 of 1011, am..al bone and ngetatioD tar total radi 
1trontila, sr• , natural strontilll, rad1• and achqeabb 
calci'la. 'rh•H re1ulta nn used in n•l•tinc atrout.i.la a 
radium uptake • 

One group ot ._plea was tarnished bJ Dr. IG'llit t.arHn ot 
The11 ut1rial1 troa the Teat Sit• and !.1.Mcordo 1bond ocl.7 
lair coft'•lation ot bow 1011 and plant/ 1o1l ratio•· Th• .Ja le 
1oil ha1 prrrioual7 been shown 'bJ Dr. WrHD to ban lOW' a l­
abWtJ ot 1trontim, but th• other foW" tHt lit• 1111ple1 oul.~ 
be equinlent. Their borw'1oil raUoa ot 2.0, 1.6, 58, and 
could not be titted into the data troa oth_. si.tH, H avai 
calci,. an&l.7111 are not an.tlable. 

The lliacellaneoua 1uples included •a.r 11aple1 ot &nl.a&l 
b,..a 'bone 'but ccmparabl• soil or food ficur•• were not Hai 
tor 1tronti:am uptalc• studi''• 
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A?l'IKlL !OBIS 

Calt 
Ub 
Spine 
leg 
Hoot 

ll'oodchuck: 
Rib 
Spine 
t.g 

son. -

VIOl'D.tlOI 

Onu 

ABDIAL BClllS 

%&mb 
law 
Leg 
iib 

1os1oq2 

ALBANY 

Total 
Radios tronti um 

d 

sr90 
d ml 

0.15± ·°' o. ~-± o.o& 

33.5! 1.3 
:ss.w i.e 
:s:s.9; o.s 2.1: 0.1 
35.5::- o.s 

l.S'i 0.2 
3.Si 0.2 
2.s: 0.2 

I.OGAbT -
Total 

Radiostronti ":& 

d 

.ne~ 0.2 

.osf 0.02 

.:ss;. o.os -
ie+ o.e .. 

4.6~ o.s 
5.l-io o.s 
s.3~ 

~ 
o.s 

.is: 

0.5; 

-11-

.02 

~-l 

l 

.oe 

.09 

• 

.1 

U61 
OS4 
108 

.9 

.4 

.s 

.2 

l 
C&H 

0.23 
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. _,_ ~;.~ 

..• ~., ·'· ~ 
• ~... I -·: .)~~ 

U, 

>~ 
' ' 

O.l" 
1·611 

-
V!arrATIOI 

llag• Shrub 
Cow Ptt.1 
Kt.tift Gl"t.HH 

Calt 
Spim 
lib• 
Jaw 
Leg 
Root 

UNCLAS IFIED 

TIFTON 

Total 
Radioatrantiua 

cl 

6.Qi 0.6 
2.3t o.s 

15.7!: 1.2 

1-i.s+ 0.9 
l9.5t l.O 
20.9= l.O 

total 

?latural Sr 

a.Gt a.s 
Ui l.O 
9.6t 0.1 

Ra 

R&d101trontiua l 
.;.m;...i;,.;...;;,;;;;.t;.l~•;__ .................... d~~~----...-i~..a..----...;;;a..lil-........ ~"""'a... .... ..:;Ca-:i 

~ 
0-1• o.os! 0.02 
1-611 

s-12• o.00o1t o.cs 

V!m.ATIOI 

h1tur1 Qra11 
• • 

AXlllAL imES 

I.lab 
Leg 
lib 
Spine 
Teeth 
Jaw 

15.0i 
H.~ 
3-i.5!· 

6.0+ 
6.61 
6.lt 
1.-i: 
s.1: 

~· o.e 
0.1 

0.1 
0.1 
0.1 
0.1 
O.l 

::a 

== §lilll 

2.e1 0.1 

• 
o.9t .OS 

= 

0.18 
o.1a 
0 .16 

0.20 

l 6 
l 8 
l 1 

.048 

.015 

.035 

.035 

0.1 
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'·~~-~: 
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l• 
SOIL -

0-1• 
1-!· 
s-12• 

.a.BDIAL BOIES 

1-mb 
Spine 
Riba 
t .. th 
Jaw 
Root 
I.g 

u"t\.~~~ \ll 
RUTGERS 

Total 
sr90 lt&clioatrcmti m latural Sr 1 

's-:1 

o.ott~ .02 l.• o.2:s 
O.C~! .02 0.4 

1.1 

e.ot 0.1 0.12 
2.•; o.06 l.Oi 0.7 0.12 • 
:S.4+ 0.4 0.10 
1.21 0.1 0.11 
8.4! 0.2 o. nt .o& 0.10 
7.6!_ o.os 0.12 

• 



~ ·~ -~ UNClAS s fl ED r 

-::·· ... --·~ C L A SMPtaS 
i&ctio-

Daw Strout1m t 
S• l• 

Souro• Sam led d Ii I 

78 Soil 
Chupadera Jl•• & 7/53 l.8 0.2 

• .. 1.5 o.:s 
79 Veg~tation .. • a.i 0.1 

80 BQdmt boa•• 

81 Soil 
J uc le Soil ll/51 9.8 0.1 

82 GreeDboUll• pl&nt. 
.. • 8/52 3.8 0.1 

83 Lab. l"&tll 
• • 3/5;t o.:s 0.6 

84. Soil 
Te1t S1tf> 10/52 5.4. 0.2 

(TS I: BJ) 
• • u:s.o 2.• 

85 Veg•tat1oa 

" • ll.O 1.0 

86 R&bb1t bone• 

81 Soil 
'r .. t Sit• 10/52 . "·' 0.4 

{TS) .. • 
88 Vegetat1011 

• • 11.9 1.0 9.5 z.:s 
89 Babbit bom• 

90 Soil t.,t S1t• 6/5:S 0.2 o.<>l 

Cut. TS BJ j 
• .. 1.8 o.:s 

91 Vegetation 

9~ bbbit.boD .. 
.. • 19.0 1.0 1•· 2.5 

91 Soil 
t .. t Site 6/53 98.0 o.:s 
{Up1hot) 
• • H.O o.:s 

94. Vegetat1oa 

. ' 
95 Rabbit boa•• 

.. • 321.0 8.5 4.8. lZ.O 

-7h-

!IS::§& = 
= :-_:::===-====~--------:".:::=; --.---·-·~ 

00131986.066 

1os1oqs L. 



-
!I'll~ ::: UNClA Slf\ED = -

\ 

";..-if. 
Badi~-

Sr90 .... s tro A l;i uza la 
~· . Sou roe d/ill~ dA.t dAa/c 

. :.:.'3 . 

~ Calls Jlib THt Sit• z.2: 0.2 O.OT! 

.:::ia ~'' z SpiDI • l.9~0.Z O.OH 

•. -t~' '.it j Leg • i .~ ~o.z 0.006 

.;,.:.If '·Os ' loot • 2.S%0.2 o.ooo 

. :o~ 
~· 

lZ cair,, Soapula Cedu City •. ,~o.:s 

. :-~~. ta ll .. fl, i., • 1.01'0.2 o.u 

:~·a, 13 fll, i.c • 3.i~ o.o& 1.01 
. .... 

. '. .. ~ le 11 ... Leg • 5.3Z0.3 • 0.008 

• if\ u 18 *'· Leg " 2.3:t o.a l.T 

·-: .. a ae 19 f&, loot' • Lee • ll.3:u.t 0.'8 3.9 
\ 

.~ 

~· 
15 f6, Leg " i.s r o.a O.H 2.0 

. ··~·~"'! ae 16 tab fl, i.c 11 0.4~ 0.2 

-.1 ... ~ u lT fl, i..c • 9.3t' 0.1 0.5, 

.... Ot 102 Calt Clark CO\IJlty 53.o~o.a O.te%'O.l O.ZI ll.O 
l•ftd&• 

. ' . 
" 

101 !imu& • • ""°I'll Utah i.2-:2.1 .. 
.' ,. 

. . tf" 135 80 .,,. ..... •· 0.8~ 1.0 

;;. : :~· 
136 :t q· H Jr• m&l ... 11; o.o.t o.M 

.,·:-.· 
·S . 137 ~~,/ .. .. •'" 1.6~0.t .•f ~' : ;f'.'· • : .• ·:~··d 

·u . ua " .,.. ~.at• 
:!· .. • 4.%1" 0.4 ... 

....... 
~ . ~ l :-: •fi: .. lJg 71 ..,.. Ml• • i.1 to.a 

., ...... . . ·.-r 
• i ~ 

,, 
ohil~'t te.etll II: 0.0 ~O.l2 0.10 o.02s . ;. "; 

170 .·f.1·· .,.., ~ •k•i•T01l o.ouo.oz 

.. "' t•ur .;tJ' .... J. 
·:~~ 
J~ ~ ~ .. ~. -75-

= -- = 
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~Ol 

au 

s- l• 

6 Whole iailk 

91 Powdered silk 

91 • .. 
153 • • 
ll! 11a8D milk 

162 lJriD• 

151 Urine 

155 Blood 

165 Cheeu 

166 • 
1&1 'fap 'ft.ter 

168 • • 
169 D11 till.eel .water 

- UNCLASSI • -·= :: --
hclio• 
ltl'01lt1• 

louro• 4 

St. a.ore•. 1.3 t o.z 
Utah 

Stula.o, 1911 a.at o.o. 

1r'° 
•A:li 

o.z t'O.l 

ilba, 1953 0.111:0.oe o.s~o.1 

Borclc•, 1950 o.:su: 0.12 

SynouH 

I .-rk, (s1 l.lt 
doDOr) • 
~ 

llC 

ltmania 

Yugo I.La Tia 

nc 

llC 

s.s! t.a 

o.or s.9/1 

o.o .1 o.s/1 

0.75! 0.2/Clt· 

0.0.~o.01 

o.o..i. c.01 

0.81t0.0211 

nc o.osto.04/l 

.... 

111 Soil l Cl• atielll Ioag I1lud O.OlSt0.001 
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APPEN!lII :l 

?m!S OH EI.!CTMS'l'ATIC ~ECIPITATOR 

By B. J. 

i. Law ot Motion of 9111&11 Jtart1clH Subjected to a Porc• 

(a) A nail particle 1Ubjectld to a torce 1i accelerated tb. p th• .ea 
1A tb• nrroundinc space, the r••ltiq 110UOA t,bn,qb • particlH ot 
th• McH.a'. ·"Nwl ti in a l"eri.at.1T• tore• to the motion gi n bT Stok11 H 

R. kdT ........ 

1or mpherea k • ,3. ~ Wh•a the "loci tT throuch tb• •di 
that th• rHiltiT• tore• 11 equal to tbt acceleNtinc 
accelel"&Uon v1ll b• Hro "Nsulting in a conatant nloc 
th• tend.nal Telocity. 

(b) 1'01" a apberical particle in a cnTitaUonal n1ld 

, : 1111 • = ~ 'Tf-r 'Jr = i rr dl P 

Th• tendnal nlocit'f will remlt 11hen 

p : 1l 01' 

l 
01' T • i8 

(l) 

ii ndl 
•• th• 

'I teraed 

(2) 

(c) It tb• particle acquirH an wetric&l cha1"19 and 11 in an e11c­
tr1cal t11ld th• tore• on tb• part.icla will b• 

(d) 

1 : QI 

Tb• tend.ml nloci ty vill th• b• 

QI 

For partial.la ot a ain &J'P!"OMhi.ml the •an me path 
elecu18•, a oorJ'90t1oD d• to ~npaa 11 Nquired 
tor tb• additional nloci\J" c•nd b)' th• particle ace 
betveen 1mpact1. Thi• 11 giT•n bf 

T • TStok11 (l + k1 -i-> 
-77-
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t air 
account 

1rat1111 
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TJNCLA SSI?lll: 

For particle• 1ubjected to eltcrt.Toatatic and graTit&tional ore••, 
th• nlocity 11 the ntctor 111m ot the nloc1t.1es ghen ~ ( ) and 
(3) correct.Id by equation (h). 

I!• Lava Oo-nrning th• Charging ot Part1cle1 

ParticlH u1 acquire charges by paw..:.c :.hrQ\i&b • H11.on eontai 
ot a 11 ftD lign tither 'bJ' di t!usion or tield cbal"iinc. In tbl 
tb• •cbui• ii one ot i!llPing••nt ot tba is-rticlH VS.th ttw 
to tb• kinetic energy ot the g&1, llbe"&1 1n t.b• latter the imp 
1.s &1s11ted by tll• enera imparted bf th• electrostatic tield. 

{a) For di!f'uaion charging, the equaticn p. nn by Wh1 te 

q: (; 5) ln 
(, 1""d c No e 2 ~) 
'\.+ 2rr ; 

p. ftl the nuabe1" of electronic cbal'I•• vbich will b• acqu 
& particle o! diaaeter d. 

(b) ror ti•ld cbu's1nc, P•uth•ni•r ba1 c1 Tm tbe tollorinc 
a1 .,d1fied by O&llualt tor & cyl1Ddtioal tleot!'01t&tio 
cipitator. 

5) 

lltbnp otauar• haw a11u1d tlat. t.bl p&l"U.cl• will aoqo1 tM 
.- of the ch&l'IH 11wn by bo~ Mtbod1, it 11 f9lt. tbat. oon­
lic!erins tbe .-ens.- 1DTolwd, tb8 pal'Uoll obarce wi b• 
siftD llf the cn&tar of tM tw ettwot.. In 1J11 oa11, t I 
pw1 a .," couerwtiw renlt • 

(c). Slectrioal oou1.dentiona of th• cba!'IW• 

Pauthenitt bu 1hawn that th• pot.mt.ial dUtribuUon i.D 
vi th oentnl co-axial vi re cbuc.. fra• lo1ari thlll c to a 
tanction •• tb• corona ourreat i.DcN&H1 tl"D• sero, ac 
1-11 J'llion al"Ollod th• vi.re. lJDcier tlwH condition• th 
1ntm1it7 will be Civ•n bf 

I•~ 
. -78-
m«:USSI1DD 
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ftpn U& 11 we t.he electrical obanct.ar!..t.1c1 ot th• cba er• at. 
ftl1.0111 altit.S.1. Tb• cblrpr U-liou are 8• lone bf .67S• 
dt .. tezo, ba'fi.nc a vi.re ot .012• dimtt.ar. llcltotiq •Dll ettect1 

1 • 170 z io-6 x 3 z lo' at 100, 000 t et 
8 x 2.Sh 

rtTfnc 1 ftlu• ot 2.62 x 1ol& 1ta~1/ca. '1'b• aobilltT 1t 

100, 000 teet = 600 x (~~) (~~) or 

I -
2 (2.62 x ioll&) 

ill 760 
600 x 213 x T 

• 1.1 ISU. 

Tb• actual o'be•J"ftd ~ltap di..S.ded bf the rad1al dietanc tna win 
to qlinder pwe a ttcun all"ffinl withill 2CC of tbe oalc · ted 
t1pre wbicb fo'I' our pu?1)0MI ii IUftic1eDtly Sood• 

lbr equation (S), th• 1011 denlity in tM cbarciDc dt~c• 
Tbil cua be calculated by •HmlDI a linear potential d1 
•• Ii ftD bJ' Pauthenitr tor tbia c•••. 

dT 
It d;: I 1• constant then t.b• "1oc1t7 of the 1om 18 omtant 

and 11 ftn bJ' 

•1 • kdT)(~) •. S.h1oL ...; .. 

th• ti• to trsffr•a dutanc• dr troa t.h• vi.re tova 
erlilJd•r ii then 

t : !t 
•t 

daril!I tbia ti• a cbarg• Q • it ba• filled a l ca 1 of the 
qlin:l•r dr in radial thicJmeH. Tb• ftl.u ot th• cba dtnaity 

Q 1Gr 1 
rill. thm b• 2 n''I' a r •y zM ·d r • 2ii'r • at a rad!: r • 

.lanld.ns particlH ent.erinl at. 1/2 ca radiua, then th• ion 
dtuity Ho at this radius 1• · 

i 
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