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This report summarizes the results to date of various inv1J:>t.i; t.iorn; 
u::dertaken by the Health and Safety Laboratory on ~Project 3JH · !IN.E. 

The basic ~t>Oee of this report is to p~sent nl'.;lw data on the distribu­
tion of Strontiu.m-90 aDi this, to the best of om• abili t:r, we ave dona. 
However, data -'!re only useful when they sarvo :1s the ba::.i3 for intei-prot.a­
t:i.ons and conclusions. We are compelled to point out that the data are 
as yet relatively !aw and the conclusions nuwt there.fore be re arded as 
tentative, JOOre so in soma areas of the report than in others. 

S(l)PE O'F iJOllK AND PRINCIPAL F LNDIUGS 

The specific questions which the Laboratory attempted to ansrte 
methods of study and the principal findings crui be summarized 

l. 00 DATA FroM THE CIJYJ.1ED PAF'.ER NETIDRX ENABLE A SATISFAGI'Ol 
OF Sr89-90 FALIDUT TO THE EARTH'S &JRFAf.67 

Method of Study 

Samples of soil from 
five locations in the 
Uni t,ed States wer'3 
analyzed for radioactive 
strontium. The results 
w~ro compared with the 
amounts of radioactive 
otrontium predicted. by 
our fallout measurements. 

Principal Findin~s 

- l -
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2. WHAT IS THE EFFICIENCY OF THE CU1l!.!ED PAPERS IN SF11 A.RATING FBOM RAIN? TICULATE.S 

Method of Study 

Suspensions of radio­
active iron were 
prepared in the lab­
oratory and artificial 
rain produced under 
various conditions of 
temperature. The ef­
fectiveness of the 
gu.mmed papers in sepa­
rating the iron particles 
from the "rain" was 
determined. 

Principal Findings 

Retention at 1 11 rainfall per hour v ried from 30% 
of all particles less then 2 µ to l of all parti­
cles less than .J µ. Data for less evere rain­
fall rates are not ~s yet available 

J. TO WHAT EXTENT IS THERE VARIABILITY L"J THE FBACTIO NS OF srB AND Sr90 IN BOMB DEBRIS? 

Method of Study 

Samples of fallout an::i 
atmospheric dust from 
various bursts were 
analyzed for total activ­
ity and the two isotopes 
of Sr. 

Principal Find.in~s 

Fallout during the weeks immediately olloWing 
a burst is deficient in both stronti isotopes. 
Samples of both fallout and airborne u.st collected 
towards the end of 1953, at which tim .Mn.-E apJ:e ars 
to have been the principal contributo , are enriched 
in both isotopes. 

In some samples the measured sr89-90 Viated from 
theoretical by an order of magnitude, ut in .IJX)St 
cases by less than a factor of tlrQ. 

- 2 -
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4. UIAT FAi.:fO.'.iS r..ovsm·r THE B:LOIDGICAl, u:r/,,:;·:: C'/ ~~?.[1 L~)f,:·;·.·c1;·JT IM ~·i~i:l ~.)Il.'i 
a. Is tho urit.-.,lrn of s:.r89-90 by li·;e~·.tuc'.•. i.1:.n!lc~1cul 'uy t Lt3 iontr. 
calcium conc8ntr.1Lion i::i the soil from -.:h·i_t;h t.i<sir tood i deriveJ·~ 

r.!ethod of Study 

Soils from fi va pastures 
in various ports of tho 
Unitoo States we1·e an­
alyzed for rndio~tron­
tium and ionic calcium. 
Bones from lambs dropped 
in Spring • 53 and fed in 
these pas turoa ''()re 
an~lyzod for radiostron­
tium. 

b. I:I radium upt~ke similarly related to ionizable c;ilci.mi 

Method of Study P1:inc·~12_.al 12ndinr::::: 

The above soil and bone 
samples were analyzed 
for radium. 

/0 

-3-
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5 0 WHAT IS THE sr89-90 CONTENTS OF CALCID M DERIVED FIDM LA 
FETAL EONE;> rows MILK AND HUMAN MILK IN THE NE'N i'DRK MILKS 

Method of stuc1r 

Analyses of material from 
various sources. 

Pr i."lc i al F!ndi 

Exp~s.sed as d/m/gm Ca~ the r89-90 ·Contan:t 
Varied a.s fol.101's g 

Lamb Bone 7 to ll ± 
Cow Milk J.7i Os to 6.,J-4 ± o .. :.J 
Human Milk io! 7 to 20 =! 9 
Fetal Bone :t .. 25 10 -!: ,.. -· to le) 

6. WHAT FRACTION OF THE DEBRIS IS STORED IN THE ATMOSPHERE; 

Method of Study 

Atmosphere dust samples 
were collected at alti­
tudes of 88p000} 40,000 
a.nd 200 feet. 

P:rincipal Findings 

Data thus far suggests that ap rcxi!J!.at.e::y 
1% of the fission product Yiel is 
un1f'.arml.y mixed in the atmosph r~ up to 
88~oco feet with evidence that an undefined 
quantity of additi0nal debris rom this 
detonation continu~.s to exi.st s slugs 
which have not completely dif f ed. T~e 
atmospheri~ dust is considerab ~ enriched 
in both Srd9 and Sr90. About · of t.h'3 
Sr90 Yield is tentativs.ly est 
~o be stored in the lower lOOj)O 0 fe.et 
of the atmosphere • 

... 4 .,, 
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7. IS THERE E 7IDENCE 0? "DRIP" 
BY SJPER BOMBS? 

Method of st ud.z-

Ana.ly sis of samples from 
worldwide fallout network. This problem has been ma 

by detonations in this c 
USSR .• __ . If we at.!;ribute w 
is now in the atmosphere, 
fallout in November-Dace 
appro.JCimately 0.1% of the 
residual activity from t 

The mean weekly fallout a 
is continuing to diminish 
of perhaps one to two ioon 

MISCELLANEOO S HIGHLIGHTS 

l. Fallout ~eco~jed by the worldWide nstwcrkJ operated on 
akelet.on CS~:!.s be-1;.wse.n te,,ta? W'.9.S le_,_, t.han l d/m/i°t2/day i 
The origin of the debris 18 in doubt but ':its 89/90 ratio su 
This rate of fallou-t is equi·;alent to .C2% per __ wee!c __ o! tha total residual radioactiVity. 

2. Taking all our data into consideration, w~ !ind we ars 
account !or more thar. 5% ot- the !'issici·n- prodtict yield f;;om. 
M Day to the pre sent. A prel!m.1n.s.ry es"':.inate.

9 
ba.sed on OU!' 

samples to dateJ indicate that pre.sen~ atmo>sgheri"." sto.rag~.9 cipitated~ Will contribute about. as nruch s:-9u "",c 7he e&:-~h . is already present. 

-5-
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!'ho :-:ea.l',;h a.nd 3a.faty r..nbor.i.tory smrs~rnrz st11dies rec:uired a 
total radiostront:1 nm~ sr90 

:1 normal stror.tii!!:t~ 9.nd radium in 
sample types., Whore radioactive measurements wore involved i 
sary that the chemical proeedures produce samples suitable fo 
ing equipment av~ilable in the laboratory. For this ~aason t 
which were developed were designed to handle relatively large 

lysis for 
variety cf 
was ne~es= 
the count ... 

e methods 
samples., 

In up~ake studies, where relative values be~neen different sa la types 
taken in the same location were to be analy~ed, the determina on of total 
radiostrontium was preferable because of the relati7ely hiGh a tivity 
compared with Sr90 alone., In so~e cases~ tha main purpose of he study 
required Sr90 determinations and~ ·.vhere necessary~ this was do e., 

7iith the lower activity levels of sr90 the confidence in the r sults is 
reduoed as is shown by the c"unting errors 0iven with each ans. 'tice.l 
resulto It should be emphasized that the lower confidence is ely a 
matter of counting statistics ~nd is not related to confidence n t~e 

cher.iioal methods used to prepe.ra sampleso 

The deto:r.nina.ti:m of total radiostronth1m, sr90 and normal stro tium nll 
require se~ra.tion of strontium. fr crn the sn.ople mi). tr ix., Cur ex erience 
indiontes that tho most sa:tist":ioto:r.r method is -!-,he rre.,ipit;$.+;i.o of 
strontium!' with added carrier if necessary J from 75:·; nitric aci s elution., 
This yields a ole:".n precipitation \-b.ich is rec.dily ,.,,,11~cb"d on ilters 
for countL'1.€; of total rndiosr,rontit1lTl or for ~he fur~her trea.tmen required 
for 3r90 or normal strontium determination., Diff&r~nt sn.mple t:r s re'-" 
quire diff'erent tr9a.tments to prepare them for this sepl.ration ~ Th~ 

majority of our srunplos could ba oln.ssified as soil., bon.;,t> ve~"'3t 
liquids (milkll ".'l!lter, urine and the like)., The pr'3liminary ser~ 
are solution of the snmplo and collocti·"'ll of the stro'!'ltlizn n. nd . 
materials e.nd their oon.,,ersion to nitrates., The nitr·n.te separe.t.t 
then carried out in a. vol urne of ni tr1.c acid a.ppropria. to to -':he t _ 
quantity of nitrates obtained., l"uo nitrf!.te separations 11?"'9 al"1m.;t p13r""' 

formed a.nd where the b11D: of the netri.."'t matcri3.l is hi.::;h,, an 9.ddi ion.al 
. separ9.tion r:JAy be required.,· 

The final nitrate preoipitate may be directly counted for total r dio.,. 
strorrtbm. 'Ihis pracipits.te may than b~ analy:ed f~r i-ts sr90 co 
"Ji; meo.surement of the "{90 daughter in equilibril.lm. •rdth th'3 sr90., 
allowing the yield to build up in the nitra.ti:i pradpita-!:'O', •nhich qui:~-> 
ariproxilr.ately 12 d.!l.:rs, y90 "::'tl"l bs S"1'?\:"9.ted =:r :i.:i ~.::on.~:.=:t ::.:.-"!!--::--' .e 
~~·~:.~:":!\~!.~":.. ,..:_•-=. ,., __ .. _S~".:t. ~~:_~,. ~! ~~.::.-:;-.:.~~~ 
lt '11o"'t ~-Jl""9' .............. ___ ._._ -- .... --... _ .. .. - ... _ - ' -::. "' 

* TI-.it details of all the e.nalytiea. l prccaC.ures used in obt-lininr: e3 1j1-';3 
for this report ar'9 ~i ven i:i Appenci;t A0 

.. 
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-::o!:.h ?:=~9 t\nd ·:90 a.re r.:~asur'°"d ~y t.t:1~a co,mti::1Ga ·::-iEl J:'l"eci i."::>.ttis "-r~ 
.:ollect.:td on l"'l/8 inch po.per or glass filters" L'l'3 !'::..ltt'l"· are ::lo:.mtao. 
on Tracer lab brass ring-And=disc holdsrs !/ and c ovl3r'3d with 001 plio~ 
:'i J.m. !his shotrs neglie;ibl~ absorption and pr'3vents contn.-;n ation e.nd 
loss of samples during handlingo 

Counting is performed with l inch diameter Anton flat haloge =filled G~Mo 
tubes mounted in simple lead castlaso The background coun'ti e.; rate of 
theee counters is Illlintained at six counts per minute and th efficiencies 
at about 15-20%. Righer efficiencies could be obtained but re not con= 
:3iderod to be neoessar;o The counters are standardized 7titl potassium 
carbonate mounted on the same· holders., A Oo200 g'!"~m quantit of potassium 
carbonate which should shaw 163 d/min (from the k40 conten·b) i ves suitable 
cotmti:l.g rates for standardization., 

The counti?l{; times were of the order of 30 minutes for backgr 
ar..d all results a.re r<3ported ·.vith the standard. dena-tions cal 
the error of the sample when the be.ckgroi.md error is taken in 
FigUl"es l to 3 show the 2s values for background conting rate 
8 o/min and counting times of 30 0 60 and 120 minutes where th 
back7ound countinh times are equalo (In our normal work, 2s 
used 9 but in this report, the ls deviations are reported to c 
seneral usage)., 

und and samples 
ulated for 
o account., 
of 4 0 6 and 
sample and 

lues a.re 
orm with 

y90 snmples are follovred for deoay for identification purpoaas and residual 
aotivity 0 if any, is 6Ubtr~otad from the total Yo y90 disinte 
are determined by extrnpolation back to tho time of sopa~ation 
sr90 parent but ara not oorreoted for self=absorption by' the s ple 0 Further 
identification is possible by absorption ~easuret:Jents when the ampl~ is 
sufficiently aotivea 

3ome samples were analyzed for norMal strontium in order to st 
take b-J plants and animals.. Tho nitrate procedure ls usP.Jd for 
of strontium from massive amotmts of calcium and othor elements 
carrier cannot, or colu-se 0 be used in this procedure b11t it has 
possible to obtain good reooveri~s ?nth a barium car~ie~~ The 
precipitate is dissolved and analyzed for strontiur.t with 'the fl 

y th'3 up~ 
he se'fS.rO.tion 

Strontium 
been found 
esul ti!lg 

Radiutl analyses were run on many of the sampleso All samples e 
were analyzed by the standard nethod of co-precipitation of tr.e 
with barium sulphate and alpha countingo This treatment is not 
for soils~ so a new procedure ·rm.s devised in which the radium is 
~reoipitated with the heavy met~ls by arnmonium hydroxide and sod 
bonate and the daughtet' product, ro.don 0 measured in our standard 
ionization ohaxnbers. 

e photornete,..,, 

apt soils 
adium 
ractioable 
oo..-
um car.,., 
a don 

~T~7er methods of analyses a.re in the development sta.ge b1lt hav'3 been 
used on any of the samples reported in this paper as it was felt . hat 
standardization wns vary important -nhere many results ~re to be c pared 
'.Vith ;me anothero As noted earlier, the complete a.nal:r'iical proc dures 
are given in Appendix Ao 

... 
- I 
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THE HEALTH AND SAFETY LAID RATO RY SJ NSHINE EXPERIMENI' 

It is only natural that the role of this laboratory in the ~a ldwide 
monitoring of debris from nuclear detonations should tend to rient 
our SUNSHINE studies towards the fallout data we have accumul ted. (l-4). 
Our studies were designed to achieve maximum utilization of t ese datao 

Our choice of eXDariments were influenced by the ultimate obj ctives of 
both SJNSHINE and GABRIELP and the state or knowledge as revi wed at the 
Raai Conference in early Summer 1953 (5). OUr studies can be presented 
under four headingsi 

L Validity of data from the monitoring network. 

2. Fractionation of the strontium isotopes. 

3a Some factors involved in the biological uptake or s 

4. Atroospheric storage of debris from super bombs. 

Validity of Data From the M:lnitoring Network 

Comparison of Predicted and Measured 
Concentrations of Radio.strontium in Soil 

Soils from five selected areas in the United States 
for strontium 69-90. 'nle predicted sr89-90 concentration 
from 0.0067 to 0.26 d/min/ gm soilp a factor of 40. 

Predicted values were calculated from the data of Table 1 wh 
cumulative fallout for each series of tests since BUSTER-JAN 
stations in the vicinity of each locality where soils were s 
theoretical fraction of the total activity due to strontium8 
was obtained from Figures A-1 and A-2 (Appendix A) which hav 
from data of Hunter and Ballou (6)a 

ntium. 

re analyzed 
oil varied 

h records 
at network 

pled. The 
and strontium.90 
been constructed 

The radi.ostrontium content of the soil was estimated by ass ing the soil 
density to be 1.5 and all of the activity to be contained in the upper 
inch of soil. Where radiochemical analyses showed radiostro tium in laye!'s 
of soil below 0-l"p this activity was added to the measured alue from zer~ 
to one inch in order to make the results comparable. 

Table 2 and figlA"e 4 summarize the comparison of predicted 
values of SrB9-90 in soils from five places in the United St 

The measured values in the soils were from 100 to 540% of th 
concentration of radiostrontium. In view of the many uncert 
in both fallout and soil sampling we regard these results as 
fortuitous but, nevertheless, encouraging. A more extensive 
seems justi.fieda 

. ~ - ........ -

measured 

predicted 
· nties inherer..t 
somewhat 
sampling program 



TABLE l 

ESTIMATED CONTRIBUTION OF sr09~9C TO SOIL AT SAMPLING LOCAL TIES 

Lvcat.i,on Test Fallout Fi.ssicn 
P!'odu~t~ 
(j/rn/ft") 
on l/l/5u 

of Pastll:'e Seriee Sta tiom1 

Logan 9 
Ut.a.h 

Ithaca::­
N. Y. 

Albany, 
N. Y. 

Thltger:;,. 
N. J. 

Tifton, 
Ga. 

BJ 
TS 
IVY 
UK 

BJ 
TS 

IVY 
UK 

BJ 

TS 
IVY 

UK 

BJ 
TS 
IVY 

UK 

BJ 

TS 

Salt Lake City 
11 

II 

" 
Totd.l~ 

Binghamton 
Binghamton & Oswego 

(Average of 2) 

Binghamton 
Binghamton 

Totals 

Hartford & Burlington 
(Average 0t 2) 

Albany 
B:ingha.m:tor.. 11Clche ster & 

New York City 
(A·:-era~e oi' 3) 

Albany 
Tot.tls 

New York Ci t,y 
II 

II 

11 

Tcta.::.a 

....... ,,. 
4080 

9? 
9000 

lJOC;O 

78 

2;0 

120 
50 

550 

80 
ulC 
120 
llO 
706 

At:anta. 'h.I!.ahaS!50e & Mcntgomery 
(Average of J) 35 

AtJmt.a, 'Iallaha:!!ee & Mr"_ganacy 
(Average of 3) 150 

IVY Atlanta & Jacksonville 
(Average oi' 2) 100 

UK AtJa.rt'ua, Jack~ & M::m~gcmery 
(Aversge of 3) 100 

Totals :!C'5 

t:-ontium 
q Be; 
, d/m/i't 2) 

2 8 
h5 

290 

., 
i 

62 

73 
25 

~ 
• .I. 

4 
1 ). 

0 ... 

6·::·"\ _ .... 
~o o.; 

18 

.h 
1.8 
~ ., 
I • i 

9.9 

1.5 



TABLE 2 

COMPARISON OF PREDICTED AND MEASURED VALUES OF sr89- 9o IN SOI 

Predicted Measured Measured 
Place (d/m/gm) (d/m/gm) Predic~ed 

Tifton, Ga. 0.0067 0.020 3.0 

1IbJ.tger~, N. J. 0.013 0.07 5.4 
Ithaca, N. Y. 0.028 O.OJ 1.1 

Albany, N. Y. .12 0.16 l.J 

Logan, Utah 0.26 o. 27 1.0 

-13 -
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A pertinent question which remains unsettled is the variati,?n 
from place to place in a gi·~n l·Jcality. A sati:;facto::-1 pr'Jgr, 
replication has not been possible up to the present time. How 
Logan 9 Utah, we did collect repli<Jates from two pastu~s abo11t 
apart. The total radiostrontium assay of these soils was .22 

Retention ~ Gummed Films of Particulates in 
Sinrulated in 

:i fallout 
of 

v~r ~ .;'t. 

one l!lil~ 
. <8 d/ · I a • , mn~ gmo 

An experiment was designed to measure the rention by d films 
o:f radioactive particulates suspended in raindrops. When we rst began 
to use gummed sampling media in our fallout 3tudies~ field tRs ,.q rl~mnn±-ated 
that the activity collected by gummed paper was comparable to] 
ducible than the results obtained using trays designed for to 
of the rain water. Howeverp reliable controlled data have no 
previously. The following procedure was adoptedg 

Normal radioactive debris was simulated by finely divided ~ila 
iron having a mass median diameter of Jp. To suspend the iro 
a few milligrams ware added to two liters of distilled water 

Particle size control over the suspended particulates was obt 
alutriation of the original suspension. At a given time~ 700 
at the top of the cylinder was decanted into a sprinkling arr 
(Fi~J.Te 5) which provides for contirrued agitation of the suspe 
the sample enters a capillary tube from which droplets are pe 
fall to the gummed film. Under the conditions reported here:> 
of "rainfall" wa:s 1 11 per hour. The retention of the gunnned fi 
expressed as the percentage of suspended acti•rity recovered by 

A cumulative frequency curve of particle size versus time was 
using Stokes Law (with Cunningham's correction as necessary). 
curve, and the data on retention at various times; Figure 6 w 

ned by 
'llimet"'rs 
gement 
sion until 
. tted to 
he rate 

alculated, 
From this 

de"'reloped. 

The retention of the gummed films in these tests was not as hi h as was 
expected. This may be because of the heavy rate of simulated ainf all. 
Similar tests at lower rainfall rates are being planned but ha e not as 
yet gotten under way. 

Experiments to determine the effect of 24 hours of temperature conditions 
of the gummed papers are given in Table J. Conditioning at 5° and at 
a5oc do not appear to significantly influence the retentivity f the films. 

In order to determine if the iron was going into solution, s les of 
suspensions of various ages were passed through a Millipore f' tar. 
Essentially 100% of the activity was recov~red on the filters~ irxiicating 
that solubility is not a factor in the above procedure. 

i. ! 
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TA3LE J 

EFFEC':' OF TEMPERATURE COND7l'IONINJ 
0 F GUMMED PAPER 

Sample Noo Gum.Paper Ti me .,f Final :ling of 
Retention Elutria. tion 2u hour~ 

% 

1 96 0 l'l\·~Crn •n1tu:re 

2 97 0 room ratu:-~ 

.3 96 0 

4 75 0 

5 .. ~ 
1.J.. 0 

6 88 0 

... 82 60 mn ratuT-e I 

8 87 60 min room t . ratu.re 

9 89 60 min 

10 83 60 min 

11 7'2 60 min 

12 83 6C rr.in 

lJ ;1 60 min 

J1 84 60 r.C.n 

_. '•I _. 
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The two radioisotopas of s"':'i:"z~ntium, s/l 3 a:::d 3!'
2

C a.re chidfl:t r )~ed 'r:/ 
the decay oi' primarJ fission prod."..lcts acconiing to "':.he :::cha.me~ 

Kr90 ,g Rb90 ,d S:<."90 6 

25 > Shori;~ :53 d) 
s 

Kr89 ,8 Rb89 /9 ) 
sr89 s 

2 .. s m> .,25 ~ 
l5o '1 r.l '! 

It is therefore possible that tha bu:k of the ra:iiostronti1.Al'll y not be 
produced until the fi:"aball has :::c·oled below ch'3 solidif';ing p int of 
the fallout debris.. If this is true!) the r-elative amount of S ,G9 o.:, 2.~90 
in the close~in fallout should not be as e;~ es.t 33 would be pre icbed 
fron fission yields~ and shoul4 also ~6 quite verie.hle-. This 2__s __ been 
confirmed by measurements ( S~r;~~9o /If.a ~y re. tios) and -b-<j" 
most of the results of our ovm analj·ses., - - · 

---- - -

The extreme variability of our initial r~diostrontium results i'o~ r~~l0 
out samples led us to question the precision of our chemical . thod.'> .. 
As a testD three samples of finely powdered Ja.nc;lei":e wer9 r by the 
same chemical procedure., The rel9.ti-.re St"g(J <l•.::ti~ty '.'lflS fo'..m to 'be 
2.6, 2.,1 and 2.,1%D compared with the theoretiunl vl'.'i.luc of 5.,5 .. 

This discrepancy may be possibly accounted for by considering that some 
of the initial activity was induced!' rather than fis:::ion prod. ,,:.:t A.Ctivity .. 
Ir.. any case~ the precision of mea.s 1_irement i;:; r'3n.:;onable and. :.. dicates 
that the variability of fallout radiostt"ontium is real., 

The fallout samples ruri for radiostronti i.mt wera ta.ken fr om o 
decay samples from Tumbl<n··~Snn.pper, Ivy ::i.r..d TJpshot.~Knothol3., 
~ults., a.long with the ~heoretical ra.diostrontitnn values f:-om 
Ballou are given in Tables 4-~8 

Location 

Hanks vi 11 e D U 

T'UMBI.ER·>SNAFPER FALLOUf 
(Airbcrne 'Dust) 

Da tl9 Initial 

1'37 
108 

5./26/52 

74 
106 
114: 
120 

d/m 
~ .... 39=90 
'-'•· 

9.,6 
8., 7 
9o3 

16 

A"l;"er~r;e 

l'heoretica l 

12., 
5., 

g+j'°'.'Ck Of 
These ':"C" 

·unter and 

m d 
/0 

; "o 
8., 1. 

'.t2 u? 
15.,l 
!.0.,5 

4e8 

9.,.7 
8.,0 



I 

l 

{':°~1iS is the only Se:"i.--"S -!::hat 5r:<)W;; 11.\.::;hjr- ;;~~'l."l_;r~d ~·..,1:.i:•3'1,f•'.il: ~ti.it ·mh.~~; 
tb:i.n predicted by th'3 Hun+:er and Er.. lbu c ;;r '~~s) 

Location 

I 
Guam 

Iw" J ima 

!VY FALLOUT ( G1-!11'_ni.ed. Fa. f:-":i!"), 

Initial d/m 

1995 
562 

12.,8 
·'1; , 
vo-

2 

(ff 
10 

Luzon 
1 7 00 

'724 
9o3 

80 
055 

1 o1 

Table ,:; 

Av9rage 
Theoretical 

UPSHOT<=>lGTOTHCLE FALLOllT (Airborne :Just) 

Lcca. ti on 

Vlins low, Arizo 

Grand Junction, 
Colorado 

Corte~~ Colorado 

4_/:9/53 

5/20/53 

5/25/53 

6/5,/53 

Ini t la 1 d/m 

2 ;~8'1 
4:0160 

7~960 

1'2.6 
81 

822 

405 

Ave<a.gl3 
Thec!"etica. l 

Following the Upshot··Kn:1thol"' s~ries ~ a skeletcn mon:!.tcr:.ng 
maintained by NYO to ta.kB ~mroed pa per snmples o The sample. 
network were pooled in groups and run f1=1r ra.diost!".,ntiurn,, 
per gram of dust a.re given in Ta.bl~ 7,, 

•. r 
~ l . •• 1-l 

5.,0 
8,,8 

e twor k wa. s 
from this 
e results 
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Table 7 

No. of De.ta Initial Total Sr 
sr90 /sr69 

Se.m les Processed dm rm d 

119 8/21/53 55.2 o.s 1.1 0.3 1.0 

120 9/2/53 61.2 7 .9 13 3.,6 Oe8 

121 9/3/53 96.3 104 --1 3 Oe5 

122 9/6/53 195 1.2 0.6 1.6 

123 9/7/53 250 5.7 2.3 2.9 1 .. 0 

124 9/10/53 224 6.8 3.0 

125 10/19/53 127 10.2 s.o 3.,1 0.4 

126 11/4/53 100 6.4 6.4 1 

Average 4.9 0.7 

Three samples each from the Ivy and Upshot-Knothole groups eportad in the 
previous tables were analyzed for Sr90. These results are ho?m in Table 8. 

Series 

Ivy 

Upshot­
Knothole 

Date 

• 
'11/52 
11/52 
11. /52 

5/25/53 
5/2%53 
6/5 53 

Table 8 

Location 

Iowa. Jima 
Luzon 
Guam 

Grand Junction 
Prescott 
Cortez 

sr69+sr90 90 Sr90 Sr89 

32 0.90 
39 Oe77 
61 0.,68 

104 o.19 
119 0.29 
123 0.26 

The 90/89 ratios predicted from the ®ta of Hunter and Bal ou would be 
1.4 for Ivy and 0.18 for Upshot-Knothole. 

- 21-
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Flight !nitial 
Sr;39 .'.'.Sr90. ao . 89 

Date Activi. d . ,~09 ·90 S!-'w /Sr ,o •J. 

8/27 4,800 d/m 3,560 :"'i: Oe:~2 

11/30 2'74 d/m 2'72 99 6 0.,33 

12/8 35,800 d/m ~.6 ,30IJ 46 121 0.,G6 

12/15 l 1 4CO d/m 885 .:;:; 2::. 0.,31 

Air samples collected on the r?of s.t NYO during the w~ek of 
showed an average of 0.,08 ri/rn/m3 , of ·:.nich 0.,02 d/m/m" _..,.ras __ r. 
The strontium percent.age~ as fc:r the _aircra~_!-__ sa.rn.p_le s~, -was i. 

expected., 

cember 213t · 
.:i,Q.stront;i um., 
ch higher_ ~ll.an 

A 12-ga.llon stainless steel pot was used to collect accmnula. i:iid ra.inf.:;i.11 
and dry fallout on the roof at NYO during the period of July 15"'3h to 
December 23rd of 1480 d/m..~.r:;"" of which 745 d/min" ·<'re!'':! radio trontium., 
Again the strontium per-::anta.r;e is higher than e'X':pe~tedo 

The analyses of samples taken d1;ring th.c; test 1-:e:-iod indica.t 
re.diostrontiurn cor.tent than expeoted 0 while tho:rn taken •:<Ti;,l" 
detonation. show a. rol9.ti1Tely high ra.dio.:;trontium ·:-on+,ento 
cent high altit:ide measur"em"3nts g~ve tho highe'3t stron~;it..ill 

as •trill be di;;cu9sed 0 :::..t ~e probag.l.s that .f'ra(Jtionation has 
The late formation of s..-9 J and Sr .; ocmi::e.red to t..'1.e life of 
ball ma.lea it possible that the-; are more hit;hly d.ispersedo 
fallout is ca fi·Jient i!l radiostr 1)nt ium.~ since the .;ma.llor p 
main suspended, 'Nhile the later .f.'a.llout and parti:rnlarly ~r. 

stored in the upper a. tmosphar-:< :.:: cnta.in!:l an a:c,:".lss., 

The Sr90/s-r89 ?'atios a.re quite constant for' a gi 'IN3n time si 
as shown in Tabl., 8.. However for mi..-ce•i fe.l lout i:"eim more t 
the sr90/sr89 ratio can probably be us~d only as an approxi 
relative a.mount of m'lterial from each series., 

Tli.e net effeot of fraotionation a.ppes.rs to be minimalo As 
the Sr69-90 measured in soil is in good a'.;I"eement with tho 
ty, based on measurements of total f~llout in the area. and 
contribution of sr 89~90 .. 

or interest; is the comparison of 89/90 meas 1ired in bone w 

a lo·m?r 
after 
nee th.e re"' 
rc'3ntag<:t:: 
ccurred., 

the fire­
Tne early 
rticles re·'"" 

;n,..q, tori al 

ce detonation~ 
n one seri".15 
tion of the 

oted earlier, 
r~dicted activi~ 

ha theoretica.l 

predicted in soil .. The latter i.'3 be.sed on f1'1.llout measure ants) 9.nd ta!.:as 
the a~e of the fallout into consider9.tione As seen in FiGu e !ry the ratio 
in bone is hi~her than predicted bye. fa.~tor of about 2. 



,..--

t-. 

[ci~'~_=;-, =:-~:=:~ ;[~ ~f-, ~ / ~~~c~[-T i- f ··· r-; T · 1 ' , . _ -i i ': I ___ , __ 1 L , . ,--,-,-·_1 __ : . :--. - _:__, ' f. -·- '_: r' i---,--.- ,- ~----
: - _:._ I . ! I -- - --· - ' I ' . ,-.- _L__ ' ' • ,- - ---- ' ' ·- - ! ; i-- --' -I ,--.·· "----~- ' : ' -.--j"""------'-. I : r ,-c--. ,_· ' : - ----1----' ' l : r .l . I ;--·------ . 1' ' ,1 I . -•--r-- - I . I ' II ; I _l ,-: . -- ' . ' 1' I. I r· - - - -l r I I -1, ---,-' : ~ T I - I - I l -1--1· -

,--.---- ' • I ' .--- -' ' i----' I I - I - . • --- ' ' ' - . ' t _, 1-r-·c;-+ ;-~--·--~ 1-r·r-:>-' i~ _•1 :~fTT-~ - ; __ ., _ ·~'- :- I ·' H ·I ; _ , ~---r- -j :-H

1 

--~J • : -0 ,--+ 
I L, ,- -t· ~· _, I , , , ----.----'-' l l - ;- , , .--,-:---1-~.:..:. t-' • I f l .- 1---· - '._ _. , I 1· 1 - _, -'--·- • . tn·1 I . . - --· ' " • ' ' ~ . . . _. ' ' " I I - - ' . I . ,_ . ' . 
, -- 1 __ 1 _J_ I I - ; ,---t -1-; ! --! _ _t -l :f =.:-_:1:7i==-~~-r:1 _ _\_: __ " ;, .. ·"" ,--· :.-"-t .J • i i :•c1 -1----1--rl -

1 

I : --:-- -~.: -· 
' I I ' I--.--~-· I ' , 'tB---j • -- -bl i-~" - l'-.· - ', .. --r- .--- '--' I I ' ''" . I" . I : ' I : .- .. ,-- ' I ,. 

- i lj-r--l l. I I !;--------ii I . ' .. ,,.=_ ,,:-.:·i-1'--=·-r:-t~-r·_:·:+·:.1L·--: ·1·: ;--~.---_:~ , ' [: :.-i-c-: .1-=' f. :-r---1·+ - . ' i I • --- r-. '--~ - _-Ii . . . i .. 1 · .,,,,_.,:,-:- -,. ,-'-' I : I '-.r- --'-' L "' ' ' ,- - --· I• '· ... 

._ ..! : • --' ..• _ 1 ;-:11 . c .. ~~ L" • 1-~-L·--.J~,,-, ,_.f __ ~1-'-L-'I. L" 1 . 1 1 -i 1-- ,, __ 1 J :: .-1 . , t~~ 1 r. -. 

. ' 

. • ' - T~ - ' " .. • ' _-. i .. , . " ... . ... I I ' ·;- - -'I • l ' ' I I ' ----- • I ' - _-'-- -- I 
: - I , • · , -.-~ _ .o . , ,' ' :-_. -' _ " , . '. , - : ' ' ·I -- -' ·I . . , - ~ ---• , rr~ ~ · · . · · . - I · I . , ' ' - ~ • •. - , • I , r · ! 111-- J - ·--' - ! I I l ; -,~-.;...+c'tft~-c 1 d.J1 :1:--l-:c:-:-'-'--'''. I'.: ; - I' r .1!;:-1 -1-'-J_u ___ :·' I .•f I 1· · 1· '" -- t-.r-' I'.' " . . t /• •t ' I I -i - ' ' I . - L I l r' ' .. , . •' ' . ·- .r --t--~-- . - J 'I I l .. I I -"- ·" . I I t·· ,--i-~ ' 

_:;,.; -;·-r_;. __ r ·:i: -l-.-.--j--'---'1i_-1·-::+-=-1·';,. · .. ' :: ;t +-::r ''t:lli.: :):;':· :~: -: .-.i - ! I ·i,··1 =t•=-_- ,- ,.:.:_,~.'.t __ !- '" l'·T '"'" ---:;_.'I . ' .'.' .. , - . . - . r . l ,'I . I' • .. . .• , : ~--_,-:--::i-=f-:::.J~ .;.,_.-1 .:-:t-~1"'·~ •. --.L __ . .;' .. , .,, ... --lo·'-.__,, ............. _ _. .· .. 
, - --~l- - - , !·':" -- ·:·. ·- t -,· ·yc:1~-- .. + .. --· ,- ---~- t , i 'I - ; .. - +--1-- • ' I""" : . ,.---- • ., . I • . . I I. : -, --!--'--~---~ ' t'' r.- ! ~"7""1;'.YJT •·i _,.I•+" l-'' -, ••. , _ ._ ___ J ' • i i ,. I 1-:-JI ~L_j...;. lii". I. I 1-~-:--f--- --!-'." :· .'. - ! ' ,.,. ·--1---1--~1 F --.--.-- .!--'' .c~tr: . .c· .. -.·:·;,.,,.,·1-J--" .t .· , .. T ....... _._,. •. i . 1.· -'-.·"~-1--' .~H··.1i=- .... ,.-· ;1.::-:-: .. :·' ·:1· 

l.. . ; L , ~-+- t'I ,. . I I 1~-:-- 1s~~~-m"··d ··rI ... -.. _____ , __ , __ J. I . , ,. 1· .-
1
·--1-·-1- ,~ . , .. : .. ··u· :· '· - r;-

1
- ·· . I· -: 1·"'., - ,r· ~ 

·" ,- ' '1.::" . i--- 1 .. t::·1·1·· •. 1-- ·-=· ._ .. "I~-.:-.,. ,-, - --' ' I I.. ,·i '-" ,.,- I·".-._•, .. ·'··· ,_ ' I .-1 _, _I .. •I ' .. I . . I . ··- - --."'""'""' T-- """ ~~~ . " : I r,. ·-r--" L ' I . I • . I . -.,, __ , ... ~' - "•" ...... .... .. . 2 /:( ---r--L-L Lf:. +-:r::~r:-r·~ f:L1 i_:._c:1·~~;;=r~:·1~::~~1 :· 1 L r :,..:, : -1 1L, ~·_i : -f ~~·-=· ,e. ~ -~L-i:r:' :_ r:·~ :;f;'.~:<J~:· '.=:: ·;;~tfu:'l 
C- [ · · . ___:!"Uc' , <'I .'I"' :•.<~ .:'. f-''' _ I•'' : ' :- .--··---'-- 'c· i " I :- C. :. [_-.-' , I , ' ':, 'C , .. - ' ·' '.•', .:I· : ,~ -! - ,1 --11· : r' . - , . .J · .. 1;:r111bl~o· ·1" ,:11 ·::~·1 •+ .. • i":':f,r;;:r;, ,.,t. ! ::l.:11 __ i t. ~ :- i-=+.:+:- 1;_1_11_:._i -~ i=---1 ;·:1' -_ ~F1:~.u1>- .;.:~~·-·! i·.. . . : :·: . -.:: _.:: '· - ' . ' -,~ , .. ,, •• ,,,· .... , .. ,--... ,_ t 1· - -·- .- • I --- _,__ • "· . .-."•·--- .-• ., .. , .. -~ __ I ___ • ____ ; . , 11:·1: -;; -"7,.,'T'~...:!.'.'"'~'~~,·_;1;~;7-11~-·1 Jµ:::l::-JI_-_ ... -- •• o···-r-·-1· __ ·: \ lj 1-_-f-.-:-=- _1=-·.,. :_:.+l·h. ·1-- ... ___::·· ·:: 
'- / I --~' '' I 'I ,r---f- _, =·» '1 i.,c:j.:·:1·· l --L I I \ I I {. - -i ' ·· 1 - ,r---~-· " ., .. I• ·' 
- ' '" ' ·1···· ,---."-'-' ,._ I . •I " .. , ,- .-- 'I., .. F-• . I ' ,--- - . '--' • " ' .. - -" _._ . t. ,, " -.- " ,., . .,, "' ~ /

1

b. --~ -, r· 1

1

• :.,f-... ~:~ ,:·:t'jL 1) !· :;; :R*ti'T r ~1~~1-::/ ~- r--.t __ L_ ;--11,-~--11 ---~>,L-~_:_f:L :_ :~~1 ~>11 ;:-rh8-,j 1-~:~·1
1

;;1 ~-~, .':, :>1·;:::~~ 
"' ' - - _I • , "· ·1 - . . . ·.r .. :r,, - -•:·- ·- - ' L +--·- : . 1-' . ·r - tf'~"f" , . : ·1·· -· ~---·· i:I . f ,.--. -:-· "•'I"' ,,, '. ,'l-1 ·- ,,,__, -- .i;- --f-' . ·---·,- - -'-I . 1' I ' ]- -1-· -. 1' • . , _,- .• " ·''' ' '1.-r ... ,,;--:: --1 ~ I ' ' - " I ' . ". - -- -·-·' - . l l i- ~~ - -~ .. '.' ... ·-t+ "" . -- . 

< ~ - . , . " • .- ".i I~ • ,- .. ,,. • , "' - _;:, '- ' --- I · · - - - · • • " . ' ' 
' ; I ' I ... ;--t·q' . I .~.11. 1 ·- _::: ~-. - - -~~·i: -· - I -- I - . I t -:c I;- . __ _:: .. ; . . _, ; I .• :r1'. ":• - . ~ .. I ·1.: I-,'--,·-'·-'' l,11 ""'. '-er--f .. __ ,, ..... •.I•••·~ ,-.-;--'·' I . ' ' -- .. L-1 _1 , . i.- ·.·~ •. -, _.g,_~·;··•'1·,:1·; 1-:; •• ~ --. '-' '. ,;-.- --l·i ·,!'. _ ..... , ~ •. c--.r·::. C'C·I "_, ' . ,--,. '._I --,_-~---+-' : ·,_ , .. '.11~-,"'

0 

.'.:'.•'.''.· ~ , , ,--1[_ __ , __ 1 __ 1,,. , , I . ta··· ·:-:r+PL..:15':~-'-l-~'f;c;1F"--:T--r---· i/Le,,u,/ ii : , - !- _1 __ 1 -·I. ' I 1· -1--· >j§f:.·' .J:.~·11··· ,:·~:·,w·:,. ,. ;,;-·} ' ' I } ==- ' ' ' . ' " .::.;.i:.::= "' .. - t '?,.,. ,,_ I I ' 1 - ·- . I .. ·I ,: I . 'i I ., 

1 

1 _ 1 

1 

,

1 

"

1
1

1 - --

1 

•: .r- -.L .. _:j'- --f; ·;r--· -:--

1

-- -. · • -
1 

, 1 - -1--i--· , 1 
1 

'-· ,._ ·- ·- • ·" • 1:·.lt1;" l;- -·....:....:...~•I'' 
., ' . I- . .. . -~ - - . " " '.. ._ . -. .. .. . • .. - • • . . ~ . .. "' .. .. ~.-'-

/. ·~I I I ·' • ··-'- '··I -1--1··· ,• - ' . , •. i ' I . - LI I 1· ti'I I -,--L .. ·1,1."· ,];, '" "'...,.,11" ·" ~.,") ·~ I I I I' I .,1 ·+L..i-: !-:-T :· .\',•" :.-:-t~~t- f::-J-Y '.-+! -1 ---·--1- ' .. l l I t I 1--r--l-l·t 

1

'·1'·1f '1"·-l--:''.-t'··'i
1

.I~:· ;·· 1

1

' •'t 
: • ~ t' '. - -- L - I• " ' I ' 1' t 1 .--,~c..'.:- '' , ., ' : ., ,: ~· -' . - ~-" __: _. I I ' I ' : 1 · - - ' - - ' . . i ., '· --1--· . .. I' ; ": •::' ·- ' I' ' ' '--
.' ' ' I ' --1 I I . 1- f = __ _. -. . ' I -,- - . ' ' ' ' l . ' . f ' I" ,---::t-:- " ' t .. • 1 " ' 

) 

I 'I i I I : --;- -,~ 'I ' : I ; .,--\- =~,·~ il1l:_--i -:;;-rµ ;:l I 1--;:-·:--i--,_-- - 1' _J ' I - --,-,,1 ___ ! ," ,' ·I·. ·ll •'I'·-,' , ' ,; .. I : ":., 
I . ' - -- - - - ~ :::"'.i --- . I -- I ~ I ' . i-:-:; ,., " .. ' - ' ' - . ' 
' ' ' . . . I I ,___, - - .. ' •. ,. ' • 1··· .., __ L - • • • ' ' - ,- '_., . 'I ' .. ·~ _.. . ' ' ' "" -<~ · i · 1 1 l-r 

1

·-

1

-

1

----l- i: .. j _.i:=l,,; 1.:-:.-~:~0.:'+_j~-'~1-·1'~---1:-.-·,· --1-•\ !·-·' ! i:L . .-, +-:--L iJ..u :·:1 .. :
1

.--r:d-'-t:- .-'~:..~ ·:·r 
• • ' ' ' .. I -- -- '.• - ., ;:vir r I- - '-~ .L...:.:..:1:.: ' I - I ' ' ·1 - J ., .I -; '· . I ,. ·-r 
'II ' I • ' :---1---; - "-- i I "I '--, --.1·"'1",_..:i-'" .. , .. _,._ '"-'" ' ~· +--- - '' i i I :-~ "1-- 1~.-1.:::__,·l' .' ;~ :.;::;r::-~ - i . ·: j i;'j" '·' . I : -,----- .1.• ........ ~- ~·.Co'•' ' • '~- --·- '' ... r"" .. •:·II' . , ... ;,'CT·'' . ' , .. r - : I I : I· LOGA',Y i 1-:-·-: -j~·.--. ~C~'.-..L;nl 'i' : ·1"1' i L. l _I 1 ... I . iT'j~-1~~: ~! _::1IITT'~~s-r:~~~t2

1

~~
1

;-,.L:f ':.·! 'i:i .;·I 
. ' . I__ I ' I , i -- •-1---i---', ·;' i .;-i'f'-)-' '_. -- !c i I· i "i ' . I '1 >- -'-'• 'l •, 1 ·--

1 

f'.' ~5-=- •:uh

1

• :,:·1: l1 ,'~ · 
l ,•I "--. -· __ . ' 1 

1 

:·c- --'-I cJi. •-.' J •" 

1

. --,,----~ - ·L..'' ,·.· I i • trr - Ill•' :

1

·11·1·

1

,l': · ;. -~= -' -- ·" " !l 1 · , ----'- · ,. • · .;--c . .-.·"' ·.I- --. .1- .. - • , .... I. :• "'"" ·: '· •.'' ",..'' ' . ' ' ' . __ ,_,_~I ·I " .... I "I .r--- .... _ .. _:, •t. ·1 I ,I I - r ___ :.__! ,., .-.i,:··· ',1r1 m-4~JL:.:J :··. ' j 1 ''11·1- ;· 
: ' . I I I : -;-----~--·-"·L·,.·.- :'-: :.,··--;--.. -,-'-:,I" !' ·1<"· --;.--h'- ,,._.1:·1f !::~e·r·- cf,'~·:.,';• . . - , . ' , - - , '·" ""'j ~,.--1'---=-"' I :1·1' , 1··r ,-,- t- ,1,1 .,· .. -n -=-1·--·'..:" :·· '"IT'·~ •:1:-:-' ' ' ' - - • . ' • • -. - -- -- • • • . I I . -' f ' . I . i' ' , I - . 't • -, I' . • " .. ; . . : ·. i-:--··-·'--C'-'-'-~·~-'._·;·.1.·.-,··~--- .. ' ,_, __ ,:,,:,1r·1::-t-:~.~=r·i:'..;\~r1f;:· .. :. 1' .:.,;.:· ,:1 _1·_. , .. --"-'-~' , . . , .... ._1" ... --:,. i_c.-r· -.-~,~·· ..... -.. ,, .. : 1·1. ~· :T· .-.. " '- .... ·" . , . 

1 

_ : , . -:----, -!----' , __ ..'-' -;-·:! .. :c· __ , _I.-,;.· I:--[": , 1cc ,.. 1 .,.:i.-..•k'~ :'• 
1 

•
1
·, · . ,, :·· '"J __ ; 

c I I f' t:. 1--J:·,- ;:· - - I· '11"; !I• '•,, .-+- I r 

. " - . _;_::~:..!::. 0--:-~ - _,_---, 1--j -r '--.-',:e .. •. - ,.. 'I 'f·:.!·i, I'°. ~ttt··I''~- I 
---- -- ' --· ·- ' I : I --·-r-· -- I 1 .I'" . t ·1=--.'_L_FI.· ·1: 1·" I _. u;--·-r· J'l :~·[;: . '. :·' 

.------ - . ' -·-·-·-:-· . " ' . ' ·'. ·•·11 ~ 11-·--" : , ... ,-2 _1." j . , __ · I· .-.--'---··· ':·" ., .. ,,•·1·"--r-~"· .·· .. r---
• I ' - " ' - - I . I .- 1 _. -- '- -'--1 ' : l I . " .. "' " " L J 3- _I I . . . I 

:·--: --·--· -- .. ·-' i--- -- i-: - ' l- 1 j -· i ·-i -, - ;-: 1 __ ! __ - I • " ·: ,__ • '-~ - ,I -.\q. _; - ' i-·-----~--~__! ·" ,.1·'· I ... ' " I ,~-.'-'-LG1·' .. 1.----1--·! 

' ---·- ' ' ,---!__ i t I • _1 ' 'jj. Ir'. j' ,.-- ' z i . -- - ---·--- ' .. -'-·-:---·--·' ;k ' -i-·-· _l· .. · ,. i . 

0 

0 

TIFTO)/ 

I 

. J -- . ' c --,-- - I . ..---.•-'"- I ' . ". --1 -i I 1 I 

__ ,.:.~,-;:· (' i''/ .;.. -·--::---·--' : ': J_,_[_, : .7---1. ~·-l· .-=1 Li-.~-~------·-- I ~ .ir , , -- -~-· . 1 i ; -·1-- ,_ , · I • _ ~ L,_I_:__ · ' · -
.".Sr '/d ,-('iTF~ ,.,, .- . "' _LL_l-•_L.L.l': -1-r -i- rJ ''1 ~ lJ i [+w1 I ' i ,, ' ~;.:_ • 9 - ' ·I - . [ !---"-- ___ I I It , ..•. ·i. I 1~tTl 

-
.. 

:>-:<; -- '-v 



Studies of Factors Involved in the Biolo~ical 
Uptnke of Radiostrontium 

Identification of the properties of soil which influence the take of 
radiostrontium by biological systems is ~ prerequisite to und standing 
the significance of the deposition of radiostrontium in soil. 

Dependence of sr89·~90 Uptake on Soil Calcium 

The Beltsville Experiment Station has demonstrated th 
laboratory soils containing Sr89, the uptake of this isotope 
is dependent on the exchangeable calcium in the soil in vmich 
is growno They have demonstrated that this is likewise true 
barium and the Health and Safety Laboratory has demonstrated 
ship between radium uptake and exchangeable calcium in soilo 

If, as the Bel+,sville experiment suggestsn the radiostrontiurn. 
plants is dependent not alone on the amount of rndiostrontium 
soil, but on exchangeable calcium as well, a correlation shou 
bet\"leen exchangeable calcium and the ratio of sr89·~90 in live 
to Sr89-90 in soil fror.i which their food is derivedo 

To test this hypothesis, soils from five pastures in various 
the United States were analyzed for radiostrontium and exchan 
calcium. Three ltmbs and two calves that had spent their ent 
time in these pastures were sacrificed and samples of ske6eto 
Figure 8 is a presentation of our data in the form sr89-9 in 
in soil versus the reciprocal of exchangeable cabium., These 
the form which would be predictable from the Beltsville exper 
a linear regression vrith a slope of 529 was obtained. Becaus 
few data, a curve through the points in this figure is not sh 
ever, a least squares fit of the data gives a slope of 760 wh 
fair agreement with the Beltsville data considering the few o 
we have and the possible differences between field and labora 

In order to emphasize the importance of the e:xchangeabls calc" 
rare.meter in the relationship between bone and soil radios'tro 
9 presents bone rad1ostrontium versus soil radiostront1um. 
presented are not so orderly as in comparison with Figure So 

Dependence of Ra Uptake on Soil Calcium 

Ir a similar dependence on exchangeable calcium could 
strated for natural radium, we would have a useful tool for e 
the significance of radiostrontium deposition in soils. The 
world wide Ra in soil is known to a first approximtion and c 
determined if need be. 'rhe relationship of this deposition t 
human bone has been 1mder study for some timeo Our knowledge 
bio radium equilibrium could be used to estimate the ultimate 
radiostronti um. 
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This laboratory 0 workir~ in conjunction with the Beltsville gro p,, has 
developed some evidence that the uptake of radium is dependent n ex­
changeable calcium in a manner similar to radiostrontium and ba ium. In 
order to further explore this possibility, the soils from five astures 
were analyzed for radium, as were the bones of the livestock~ The data 
obtained are plotted in Figure 10. Radium. determinations could not be 
completed on the Tifton samples because these arrived too late o permit 
build up of daughter product activity following separation of t.e radium-
226. The four ratios obtained when plotted against reciprocal changeable 
oalc ium. do not show as clear a linear regression as was true fo strontium. 
This may be due to the fact that radium does not behave as stro ium does, 
or to analytical difficulty with the low radium concentrations soil. 
The results are not completely discouraging and further work se indicated. 

Compe.rison of Radiostrontium in Various 
Biological Materials 

Among the various llllterials which have been analyzed for radiost 
a.re some which have in common the faot that the isotopes origina 
large extent from soils in the region of southern New York and n 
New Jersey. These samples include the lambs and calves from pas 
Ithaca and Rutgers, the New York City milk supply, h'IJIIl8.n milk an 
barns from the metropolitan New York area. For the last two kin 
samples, the primary origin of the radiostrontium is, of course, 
but in human milk and stillborn alike there is likely to be a la 
tribution of calcium, and therefore strontium which has its ori 
soils from this area. 

ontium 
ed to a 
rthern 
ures at 
still• 

s of 
in doubt 

T~ble 10 summarizes the results of analysis of these naterials. 
be noted tha.t the Sr89-90 activity when expressed in d/min/r;m 
are of the same order. 

This is again a test of the constancy of the calciumsradiostront' 
in calcium obtained !'rom various places in the biological feedin 
These samples have in common the fact that in one way or another 
oaloium was derived via vegetation, the calciumaradiostrontium ra 
which -was determined by the cumulative fallout in the geographioa 
and the exchangeable calcium. of the soil. A more liberal samplin 
gram and a more careful study of the dietary ha.bits of humans in 
area studied seem indicated. 
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Type Sample 

Cow ~ilk 

(powdered) 

(whole) 

Lamb Bone 

Human ¥ilk 

Fetal Bone 

TABLE 10 

COMPARISON OF Sr89-90 IN 
VARIOUS ~LK AND BONE SAMPLES 

Source Date Sr89-90 
m gm Ca 

Star lac 1953 1.t.2 ! 0.83 

Alba 1953 3.9 ::: 0.83 

NYC 9/30/53 5.2 ~ o.58 

NYC 12/8/53 6.u ~ 0.92 

NYC 12/22/53 1.t.1 -!- 0.12 -
Rutgers 10/53 11 r -
Ithaca 10/53 7 

Newark 12/2/53 20 :_9 

Newark 12/16/53 10 .: 7 

N. y • 10 .::: 7.5 

1 ~ .25 

- 29 -

+ 1.0 

-:- 1.0 

:. o. 7 

+ 1.1 -
~- l.h 

5 .·. 26 

J ~ 2.5 



At100spheric Storage of Strontium 

The atm:>sphere ha:; been sampled at various altitudes to estimate he Sr90 
presently stored in suspended form. 

Methods of Sampling 

Lower Atm:>s here 200 .feet - Samples were collected at 
15 cubic eet per minu e t ou an MSA Com.to filter which has an 
of over 90% at O.J micron. The samples were collected on the roo 
New York Operations Off ice. Samples have been collected continua 
12/21 - 28/53. 

Tro~oSause (J5 - 42,000 feet) -- The region of the tropop 
been sampley a aircraft equipped with cellulos~ filters. Dup 
cate samples are collected. at a flow or- approximately 6000 cubic 
minute. The efficiency of collection of the filter paper appears 
the range 90-95% (Appendix B ). Four flights have been completed 

flow of 
efficiency 
of the 

sly from 

Stratos here 40 - 100 000 feet -- It was necessary for t Laboratory 
to design a · speci equipment or sampling in this region f the 
atmosphere from which dust had not previously been collected. 

Although many devices are available for dust sampling in the lowe 
the problems presented in the sampling at 100~000 feet make these 
entirely unsuitable. Preliminary calculations based on the best 
expected concentration of activity set the requirement of volume 
sampled at approximately 1000 cubic meters. Since the only pract 
attaining this altitude is by means of non-extensible helium fill 
consideration of weight of the sampler and its self-contained pow 
were of great import. These !actors in addition to the great red 
air pressure and temperature at this altitude prompted the invest 
electrostatic precipitation for the solution of this problem. 

The most inviting feature of +..he electrostatic precipitator is th 
passage of air through the device without restriction allowing th 
air mving efficiency. At these altitudes, the ease of producing 
tion Without the use of excessively high volta~s greatly reduces 
quirements in the charging device. 

Preliminary tests in an evacuated bell jar demonstrated the feasi 
obtaining contolled corona discharge restricted to a small region 
central wire at this pressure by using a quasi-constant current p 
Calculations i?J:iicated reasonable dimensions would efficiently p 
the dusts of interest. 

Figure 11 illustrates the basic features of the device. It consis 
sections of 4" O.D. by 1/16" wall aluminum tubing each 13" long. 
section contains an insert 8" long reducing the inner diameter to 
A nichrome wire .012" in diameter is supported on an insulator an 
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along the axis to the second sectiono Corona is produced at the ·re within 
the 8" long insert. 

The second and thil"d sections have an inside diameter of J.875" d contain a 
central axial electrode 1.25" in diameter. The corona wire enter the hemi­
spherical end of this electrode and is maintained taut by means o an internal 
spring. The high voltage supply connects to this electrode (and he wire) 
through a suitable insulator. This dimensional configuration was selected so 
that no corona is produced except in the wire section. 

The fourth section contains an axial type of blower designed for 
but never previously tested at stratospheric altitudes. 

Both ends of the assembly are fitted with butterfly valves operat 
motor mounted on the external surface of the tube. The active po 
precipitator are lined with 3 mil aluminum foil upon which the s 

viation use, 

by a small 
ions of the 
le is collected. 

The high voltage power supply uses a "vitran11 (vibrator-transform ) operating 
at a primary voltage of 4.5 volts. The no-load rectified and fil red D.C. 
voltage of this device is approximately 2750 volts am it delive under normal 
operating conditions about 170}la at 1450 volts. This unit toget r with a 
24 hour electrical impulse timer are contained irr a-pressurized c tainer 
(3 atmspheres air). The circuit used is extremely simple (Fi~r 12). A dual 
cam on the timer operates two sets of two switches in accordance ·th the time 
settings. The first cam is set to close switches B and Bl after e time for 
ascent has elapsed,(Normally 2 hours). These SWitches actuate th valve motor, 
opening the valves, turning on the high voltage and starting the ower. After 
the set sampling time (6 hours) at altitude has elapsed, the no ly closed 
switches A and Al are actuated.11 turning off the timer and power s ply, and 
causing the valves to close (through a back contact on the switch A). The 
blower is also turned off by switch Al. A back contact on the bl er switch 
may be used for cutting down the balloon load. 

Power for the blOllfer is obtained from a group of silver cells pro 
for l2 ampere hours. Under these conditions (altitude and voltag 
moves 100 cfm at altitude and consumes l.25 amperes. In 6 hours 
this unit samples the required. 1000 cubic meters. A 4.5 volt J 
batteries power the timer, H.V. supply and valve motor. 

The batteries and pressurized containe~ are housed in an insulate 
container. The precipi tator assembly is spring ioounted in a sepa 
angle frame. The entire assembly including batteries and cables 
mately 35 pounds. 

· ding 12 vol ts 
) the blower 

100 cfm 
set of 

aluminum 
ate aluminum 
eighs approxi-

Calculations indicate that within the range of dust particle size 0f interest, 
005 to 10 ~' the unit is 100% efficient. Due to the lack of time efficiency 
tests have not yet been made on this unit. Preparations are now · eing made to 
perform these tests under simulated conditions. The theory of el ctrostatic 
precipitation and calculations based on this unit are contained i Append1XD • 
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To date 1 only one sample from 1000 cub:.c meters of air a.t 88·qooo f9-et has 
been obtained. Sampling was prevent~i::! by mechanical failures in t'Wo the1I" 
ascents. 

Sampling Results 

The results of atmospheric sampling to date are given in Tabl 
It will be noted that except for two of the four aircraft_ flight.3_

9 
__ 

the concentrations report'ld are remarkably uniform. 

The value of 0.06 d/min/MJ from the single 88»000 ft. sample compar9s 
with the samples collected at roof levrdl (mean 0.08 d/m/MJ~ rang9 .04 
Neglecting the two ~gh values from the jet flights, the remaining t'W 
average .07 d/min/M • 

11. 

f aV\Qrably 
.12 ct/m/1'3). 
samples 



TABLE 12. 

CONCENTRATION OF FISSION PRIJDUCTS IN AIR AT 
VARICUS ALT DES Date 

Time of Number Method and Altitude Sampling Of of 
dim.in M3 

Place (feet) (hour~ Samples Co119ction -
8/27/53 40p000 .75 2 _____ F.:1._l ters on 1.2, l.O 
(Calif.) 

Aircraft 
ll/J0/53 39~5oo 2.0 2 It o.o4j 0.03 
(N.M.) 

12/8/53 88g0QQ 6.o l Electrostatic 0.06 
(N.M.) 

Precipitator 
12/8~53 35,f)ooo 2.0 2 Fil~ers on 1. 9, 1.7 

(N. •) 
Aircraft 

12/15/53 40]300 2.0 2 It 
0.09, 0.12 

(N.M.) 

12/21/53 200 19 l Hi-Vol. (MSA Comto) .09 
(N.Y.) 

12/22/53 200 24 2 iO 
.04s o.oli 

(N.Y.) 

12/23#53 200 24 2 lt 
.l2g 0.12 

(N.Y.) 

12f.24 - 28/53 200 96 2 It 
.oa.9 0.01 

(N.Y.) 

c=t 35-



TABLE 12 

RADIOSTroNTIUM CONTENT OF AIR SA.MPLES 

sr89-90 sr89 sr90 
Altitude Date 

(P~rcent) 8 90 
88»000 1 12/8/53 39% 

35-40»000° 8/27/?3 74 66 a .3 
ll/J0/53 99 75 24 .o 
12/8/.53 46 42 4 
12/15/53 63 48 15 .2 

200 1 12/21-28 25 

- -.-' -,r, _,. 



In F!.gure 13 a.r'e plotted the mean daily r"'allout~ dW"ir;g ~h·e lat r ~alf ot 
195Jy at 21 stat!o.ns operated in vario~ parts of th·e world. T . indi 'Vidual 
data ought to '::le fou~d in Table lJo 

The rate ot !'al.lout in late Jun~ is larg·ely 1~rom UPSHar-KNOTHO Thre shaJ."'P 
rise in late August is ::irobably due to foreign tests. It Will b noted that the­
sharp decline which began in mid-September appears to be continu ng in late October. 

--- --- ·------- - ------·--

FUrthe:r st~dies will be requi~d in order to sat!3fa~to1"'ily lden ify the 
t~st seri~s that contnbi.:te to this lc:w level depo:gi ~ioi:1. As no .ed earlier,, 
the r9cent d·ebris is considerably enriched in bc~h i.:;otcpes of s z-ontium 
and ~he gradual accretfon o!.' these isotopes during the coming mo. ths is 
likely 'to be larger in amount tl19.n the st!'l?ntium that has bre,en d osi ted up to the present t::Jne. 

------·----------------~timate of l'\iture Fallout., Based on AtTT1ospheri::: Sample:s 

B.ased on the few data available.? we would estimata the acti-vi "~Y o th~ a:l;,mo­
spheN "P to 100, 000 f ,.t to b • of th" "rd•r of • C6 ct/ ildn/m J (. 00 · d/ild n/ .rtJ) • 

Approximately 10% of this actinty appears to he sr90. If all of t!li3 acti­
"v"ity is to be deposited on the sarth 1 s surface in a tim~ which is sh·:irt in 
relation to thB half lif-3 of Sr90» the deposi t!on would 'be of the o::der of 
20 d/rnin/sq. ft. This is an amou.~t whbh is ~qui -~'ll•:mt -to the Sr 0 deposi t~d 
b:v all detonations up to the pr'!!sen·t in mo:st of ~.he ~ini ted Stat::s 

-· .:-_ -··-·:r -- ,. 





GENERAL CONCLUSIONS 

We believe our most significant findings ara3 

1. The dependence of radiostrontium uptake on soil calcium. 

2. The remarkable uni!orm::.ty in the radiostrontiwn actiVity in iological 
materials when the concentration is expressed as d/min/gm Cao 

3. Our inability to account for the bulk of the debris from 1"')· 

4. The absence of gross fractionation of either sr89 or Sr90 in 
analyzedo 

The data provide a tentative measure of the significance of Sr90 
nuclear detonations w date. What wo1.il.d we .find a few years hen 
there were no inter1ening detonations? Milk being the principal 
of human Ca, we have estimated the rate at which Sr90 would be d 
from soil 9 assuming the availability remains as it is. Appendix discusses 
this question for two extreme situations and concludes that the o ological 
half lite from soil can vacy Widely in pastures that feed milk c 1.5 to 
4.5 years for fields from which c0"4f~as are cropped continuously shipped 
to c~s that feed elsewhere~ and 170 years for pastures in which he cows 
feed. The bulk of ths Sr90 in Case I is transferred to fields ma red by 
c~s fed by cowpeas grown elsewhere o Here is an example of one p obl'3m 
of the many that make it difficult to g~neralize about the data w have 
obtained. 

6 d/~/gm Ca is a representative figure fo= sr89-90 of which about 
is Sr90. This compares with 870 d/m/gm Ca at toleranca (l p.c in 
skeleton containing J6% Ca)a The ratio of the observed actiVity 
tolerance .activity is thus approximately.-:......., Potential d'9posi tio 
material now stored in the a::.mospher9 ci:i~a easily dou~le this fi e. 
Thus 9 we can tentatively conclude that if the Sr90 in soil is not 
cry biological and/or physical processes in a decade or two? and if newly 
formed biological calcium in Ea.stern United. State.s is now at equil brium 
with the soil (as s~erns to be the case) 9 a skeleton which begins t develop 
at this time would be expected to contain~ of the toldrance b eno This 
burden Will diminish slowly with radioacti"1~'"'d~cay but can be mark d.ly 
reduced by a shift in the equilibrium between soil ar..d biological alcium. 

- 40 ~ 



RECOMMENDATIONS FOR roTURE STUDY 

l. studies in the five pastures should be continued. An ad itional 
pasture or two having intermediate values of soil calcium sh uld be 
included in these studies. 

2. In order to provide information on uptake rates after a riod •f 
several year~, the "pasture approach" should be used in Hiroqu..ioJ.WA and 
Nagasaki selecting areas within the localities in which rela ·vely heavy 
fallout is known to have occurred. (This was included in o original 
program and Dr. Harley is planning to visit Japan for this p ose in 
February). 

3. The program of atllX>spheric sampling should be expandeds 

a. Balloon ascents to the stratosphere should be con:l.uct d on a 
weekly schedule during CASTLE and for about 1 year th reafter. 

b. The feasibility of obtaining dust samples from rocket fired 
into the upper atmosphere should be explored. 

c. Samples of the filters from aircraft engaged in daily ·ntel­
liganca flights should be ma.de available to the Atomic Energy 
Conmission. 

d. The filter· equipped ai1-c""~ assumed to Eniwetok should be used 
t• collect samples in that region prior to CASTLE. 

4. The milk and water supplies from 2 or J selected communiti 
United States should be analyzed weekly for Sr90. Thi~ data 
correlated with periodic pooled samples of urine and bone. 

5. The world-wide monitor network should continue intact for least 
a year following CASTLE. Collection should be on a weekly ra r than 
daily basis beginning about 30 days after conclusion of the ope ation. 

6. The tumor producing burden of Sr90 in livestock should be d termined. 

7. Better measurements than .ire now available should be made o the 
long lived alpha activities of bomb debris. 
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UNCLASSIFIED 

APPENDIX A 

The analytical methods used for determinf ng total r•diostron um, 
total strontiun, Sr~0 and radium are ~iven in detail in this 
apnendix. The majority of the samples encountered were bone, soil, 
vegetation and foods. Where different procedures are reqUire fer 
~andling these different types of sarnoles, the methods are gi en separately. 

The actual methods are ~refaced by charts for determinin~ the 
theoretical contribution of radiostrontium to total fission o duct 
activity and the Srw0

/Sr8 w actiVity ratio as a function of ti since burst. 

The methods r~orted arg tho~e actually used in the analyses s own 
in this report, but a summary of analytical develcpments in p ~ress 
is given at the end of this ap~endix. 

A-1-
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·:::P.ARTS Fr.R STROUTH'1!A :N ~.GXED FTSSICN P~CDUCTS 

In a gi 'ren sarr.-ole contair.i ng th..-. fissicn or'lduc-t3 of P11 or tr 35 it 
is necessar."J to hi:we a theoretical mi::a.:::ure c,f the (Sr89 + Srso) 
(total fis2icn :;.ctivity) ratic as a. fi..:r.cti~n. of t:.me. 

H:..:r.ter 2nd Ballou ho.~re deri·1ed a·'.:l"'r~xirr,;:,i-e exr.res:-oic!:s ;>·:-r tc+.a 
fissicr. ~reduct <ictivity a::; a f:m~tic:-1 c:.' ~ir.,e. r~· it is ex-o::"~, sed 
ir. rr.inut8s, these equ2ti0ns are: 

A ( t) z:: (156000) t-l: Cl.S 
~ day .=:; -~ < 4 da:-·s !J 

A(t) = :~2Lioo )t.-i .o3 
L. d.:iys ~ t < lCO ds~.r: 

A ( t) = (2-lCxlG5 )t-l· 50 
lGO ::l;:;.ys ~ t < J ;v'-SB Y'S 

At lJO days after burst time_, Sr89 ~ir.':i Sr80 ccntribc:te 10;< ;1nd -:.·. 5% 
resDectiirely to fiss:i on product :'-ctivit7. Tte r=itio of ~Sc: f r 

E-F.P.A any tirr.e ::..s then calculated from the Sr i:?.lf J.i\'es cind tte A1.t) 
formulae. T:-.is ratio has been r.-lctted i.n Fig. A-1. 

'Ni th a knowledae of +:.he ner:::ent c~,ntributj_l"'\n of each Sr isotoue , o 
total activity 1 the c.~isi'.'lte:i:r"lt1-r. :--at~~ of Sr89 ~r.d Sr80 at ::in:1 

/ 
time are readily oo+,air.s·d usir:~ the Alt) rl.ata. The ratio cf Sr:::i 
Sr

89 

he.s been olctted from 1-1000 C:ays ir. this rr:anner in Fig • .:',-2 

··.· -- .,_ .. 
•, - :...r,. '- ·•.J L ;,." - -~ -
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1. Ash the bone sample in nickel cr11-::. bb at 9C0° C. 

2. Grind in a mortar to a fine :Jc-.vder. 

J. Weigh out 5 grams into a 29J ml centrifuge bottle. 

4. Add 4L. ml of wa .. ,er 'lnd then slowly c1dd 154 ml of 90% nitri, 
acid to bring concentration tc 75% HN0

3
• 

5. Add 20 mg of Sr carrier (a3 S:-(N03 ):a) i11 2 ml of solution. 

6. Stir rapidly for thirty minutes. (Mechanically) 

7. Centrifuge for 10 minutes at about 2000 r.p.m. 

9. Decant, dissolve the nrecioitate in 2) ml of water and tran 
to a 250 ml beaker, add 3l0wly 77 ml of 90Z HN0

3 
and 3tir 

mechanically fer thirty minutes. 

9. Filter through a fluorothene funnel on to a glass fiber filt 
Transfer the funnel to a clean filter flask and wash the ~ci 
from the precipitate ·.vi th anhydrous eth~rl ether. 

10. Place the filter pacer on a brass disc-;:i.nd-ri ng assembly 
(Tr::i.cerlab), cover 'hi.th 0.001 inch nli'.)film and fj' count. 

Note: 

The fluorothene f'.mnels -".re a modif:.cati on cf the Tr'lc?::- l t 
stainless steel funnel, designed for :"!l"'eoP.ring preci:;:i tates f "::· 
C!')Unting on fil:.er oa~er. Ti;e c:;la.ss fiber filters are "l\•ail-3.' l~ 
from H. Reeve Angel and Co., L~c., 52 Duane Street, Ne'•r Y.;:·k · .• 
N. Y. , as ca ta.:."::-~ nu.i:ber X-9 Ju-AH. T'.ie~· s.re m0re :"."etenti ·re ti°' r: 
oaper filters and im?e!"vious to 7 5% HN0

3
• 

A-J 
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One of the standard methods for separat.1ng str0nti um from alci '..:r.l 
and many other metals is the precipitation of strontium in strong 
:1i. tric acid. By the addition of carrier strontium, this rn thod has 
been adapted to the determination of radiostrcntiurn. 

This Commercial concentrated nitric acid is aoorox:imately 70% H? 3 • 

may be strengthened by the addition of the fuming acid, an it is 
found that strontium, barium and lP.ad are relati,rely more i 
in the stronger acid. Other nitrates also become more inso 
the HN03 concentration is increased, so that the selection 
strength to be used is a compromise. Based on experiments, 
HN03 was selected. 

soluble 
uble a3 
f tte 
a 75% 

In the analyses rrade here~ 20 mg cf carrier strontium is ad d to 
each sample before starting the orocedure. This may be an e ces­
si ve quantity, but this amount of carrier can be tolerated i beta 
counting. Also, a large excess is helpf~l when dealing with moder­
ately soluble precipitates such as the strontium salts used. 

The three factors in the nitrate separation of strontium fro 
ash; amount of sample, concentrai,ion of acid, and volume of 
were tested with a factorial exPeriment. All samples were sn 
with the same amount of Sr90-Y90 and 20 mg of strontium caITi 
A double nitrate precioitation.was ma.de and the strontium col 
as carbonate for counting. (The use of polyethylene funnels 
now eliminated the carbonate gathering step.) The results ar 
shown in Table A-1 and the statistical analysis of the measur ents 
of activity and weight of precipitate in Tables A-2 and A-3. 

d/ A-4 / 
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Table A-1 -
lLi_ tp t e Pr ~ci ~i +,a ti on 

Levels - Bone 0.8, 1.0, 1.2 grams 
Acid 72%, 75%, 78% HNO":I 
V0 11.ime 4D, 70, 100 Ml 

(gmx104 ) 

Sample N9 • _Bone_ _AciQ_ Volµm!L dm_ Wei::-ht 1 1 1 l 2920 284 
2 

2 2815 285 
3 

J 2585 252 4 
2 1 .306o 382 

,.., 

2 3090 
333 

::> 
6 

3 2865 286 7 
3 1 

1535 2741 
a 

2 2075 1007 
9 

3 2375 1094 10 
2 1 l 2910 288 

11 
2 2745 264 

12 
3 2705 255 13 

2. 1 3000 .343 
14 

2 3040 295 
15 

3 J06o 297 16 
3 1 2455 155J.i 

17 
2 2370 820 

18 
3 2485 516 19 

3 1 l 2375 372 
20 

2 2635 269 
21 

3 .3000 257 22 
2 l 2 i=t9 5 1195 

2.J 
2 2810 276 

24 
3 2945 299 2.5 

3 1 2320 a21 
26 

2 2835 435 
27 

..., 

2780 399 
.) 

A-5 S/,Y' 

tnl:I.A.SSIFIID 



l.lNC-.i.A SSIFIID 

Table A-2 -
Statistical Analzsis of Sr~0 Recoverz 

Factor D/F Sum of Squares Variance F RatiQ 
Bone 2 l.39213 69&:>6.5 1.49 Acid 2 1737535 868767.5 18.65 Volume 2 104080 52040 1.12 

Interactions 

Bone x Acid 4 584332 146083 3.14 Bone x Vol. 4 158703 39675.13 o.a5 Acid x Vol. 4 214598 53649 .5 1.15 
Error R 372602 46575.2 

TOTAL 26 3311063 

The major significant factor is the acid concentration. 
!be higher recovery was found for the 75% HN0

3

, where an 
average of 99 .1% was obtain€ d, w.i th little effect from 
the volume of acid used. The worst separation, and thus 
the apparently poore.o:t recovery, was with the low volume 
of 78% HN03

• This value of 70% is caused by self-.'.l.bsorp­tion in the sample. 

+++ (9 9i) 
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Table A-3 

Statistical Analysis of Precioitate Weights 

Factor D/F Swn of Sauares Variance F Ratio 
Bone Weight 2 358262 179131 1.71 
Acid Cone. 2 2995928 1497964 lh.3 
Volume of Acid 2 1291919 645959 6.17 

Interactions 

Bone Vs. Acid 4 1502.SOO 375625 3.59 
Bone Vs. Volume 4 84857 21214.2 0.202 
Acid Vs. Volume 4 940943 235235.8 2 .25 

Error 8 838177 104772.1 

TOTAL 26 8012,586 

Again, the major significant factor is the acid concentration. 
Overall recovery of the carrier strontium for the three levels 
is low for the 72% HN03 • l'he acid volume is also significant 
for precipitate weight, and the combination of 78% m:o

3 
at small 

volume gives very high·precipitate weight. This is in agreement 
w:i th the Sr

90 
recovery results which showed low actiVity because 

of self-absorption. 

1ta7 5/ 
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When separating trace quantities frO!ll an interfering bulk electro­
lyte, the Predominant problem ~sually involvet the effect of co­
precioitation of the bulk electrolyte or its incompleteness of sepa 
ration. Likewise in radio-assay worl:, the weight of the bulk elect o. 
brought down with the carrier added as part o! the procedure can le d 
to low recoveries, mainly by self'-ab$orption of the emitted particl s 
by the sample during counting. 

Figure A-3 shows the effect of increasing amounts of strontium car er 
upon the activity. Non-strontium impurities w~ld show the seme 
effect if they are carried down with the strontium nitrate precipi­
tate since the major impurity is calcium, it is best to know the 
solubility of Ca(N03 ) 2 in 75% HN03 so as to insure completeness of 
removal. This was found to be equivalent to 23 • .5 grams o.f Cao per 
liter of the 75% acid• Concentrations above 75% HN03 markedly re­
duce the calcium solubility, while corr entrations bel0\11' may cause 
too great a solubility loss of strontium, as shown in the factorial 
reported. 

An exoeriment was performed to determine the effec-t of calcium on 
the recovery of Sr90

• Solubility measurements indicated that 200 m 
of 75% HN03 would cause a loss of 2.6 mg of Sr or a 13% loss when 
using 20 mg Sr carr"'Ler. Table A-4 indicates that the presence of 
calcium does have a salting effect and that the Sr recovery will be 
in:proved by operating close to calcium saturation. If no calcium 
is present, then a minimtun of HN03 should be used. 

Table A-4 

% Saturation cir:. ~ Recoven: 

1. 100 (4. 7 g Cao) 1~80 91.3 
2. 75 1995 91.9 
3. 9J 1855 90 .() 
4. 25 1815 88.0 
;;. 0 1760 85.3 

The chemical separation inv0lved in the isolation of Sr9 c or y&o 
from various sa::m:iles may be subject to j nterference f:ror.i other 
fission products. Table A-5 lists elements which cor.i·oine possil::le 
chemical interference with long h<'-lf-life. Their chara-::teristics, 
along with the pe'l""l'!ntage of total fission prorhtct activity which 
they represent at various times after detonation, are given in the 
table along nth the co!"res";)onding p!"operties for the str"Jntjun anC. 
ytt!"iun:. fission products. 

tmCLA.SSIFir::D 
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In the time available, a comnlete stu~y of al::.. possible interfercn es 
in all sample types was not .fOssifle. The two major interferences 
for old samples are the Ce

14 -Prl. 4 pair and Pm14 ' • These.• and Cs 
were tested by adding knowm amounts n~ the isotope to inactive bon 
samples containing stronti'-lrn carr e:-and d.=termining the activ:i.ty i 
the final product "l'hich should repra~ent the Sr90 • 

7 

The results of the analyses are shown in Table A-6. 

UNC L!,S SIFIED 
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Table A-2 
.Pos=ibl" I p+,e:-f er1 pg F; ')Sj pp Prqdu ;;tB 

~ TQlel A!::~1Y.i:t:Y: Half-life ~ Eoera 2,22 da:z:s 400 dais 8 J::rs. Cbe5 
35d .15 mev. 24 13 f•1 .. 290d .30 16 28 

Prl.44 .18m 3.0 16 28 zres 65d 0.4 13 6 Pmi47 
4y 0.22 3 6 1.9 tRuiO• l.Oy 0.04 1-1/2 3 Rhl.06 
30s 3.55 1-1/2 3 {c•io' 37y 0.5 1 1-1/2 17 Bal.37 

2 .6m none 1 1-1/2 17 Sml.51 120d 0.07 
2-112 Sree 53d 1.5 6-1/2 3 tr•o 25y 0.55 l 2 20 yeo 

6lh 2.2 l 2 20 y9i 
57d 1.55 9 2-1/2 

---A-J..o S.5 
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Isotone 
elm Added 

zree_11bso 
9 ,ooo 

Rul.06-Rh10s 10,000 

Ce1""'-Pr144 a,ooo 
Pm:l47 

12,000 
ys1 

9 ,ooo 
Total 48,000 c/m 

Table A-7 

Sanrole c/rn Found _!__ 
A 640 1 • .3 

B 320 o.6 
c 130 0.3 
D 210 0.4 

These interferences would be negligible in the analyses perfonned, 
particularly as ~ absorption measurements on the strontium frac­
tions showed that the impurity was a mixture of the isotopes added. 

UNCLASSIFIED 
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Table A-6 

Sample 
Amount Amount Weight .. Isoto~a Added _in ppt _!_ 

(5 gm. Cs137 
65,ooo d/m none 0 (5 gm. Csl.37 65,ooo d/m none 0 

(5 gm. Cel.44 + Prl.44 
140,000 d/m none 0 (5 gm. Cel.44 + Pr>.4'.' lho ,ooo d/m none 0 

(5 gm. Pml.47 
96,ooo d/m none 0 (5 gm. Pml.'.'7 96,ooo dim none c 

The final conclusion is that these isotopes do not intel'­
fere in the method of Rnalysis used for bone samples. 

UNCLASSIFIED 
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ANALYTICAL 'PROC:sDURE FOR 7'HE SE?A.RA. TION OF TOT!~L 
~ IOSTRO~!TIUM FROU A 100 G?..;Jf St'JiPLE OF son 

1. Droy the entire sample in an oven at llJ0 c. 

2. Sample, using standard sampling pro~edure (quartering process) 
until apnroXimately 125 gra~s of soil is obtained as a repre­sentati ve sample. 

J. Ignite in a nickel crucible at 900°c. 

4. Weigh out 100 grams of thP. ignited ;r.ater:.al. 

5. Add 4oo grams of N~C03 and mix thoroughly. 

6. Fuse in a muffle at 90o
0
c (r.ti.nimum temperature) for 45 minutes, 

(minimum time) until the melt is clear and homogeneous. 

7. Cool by immersi~ in a beaker of cold water, Withd~awing quickly 
at first. Continue immersing and 'ti thdranng U.."ltil the crucible 
is cool enough to nlace on a transite board. The Na

2
C0

3 
should not be wet at any time. 

8. When the crucible is cool, turn it unside down, tap the bottom 
with a pestle and allow the ~olid fused material to fall into a mortar. 

9. Break up the fused material in a hand grinder, tran-:;f er to an 
automatic grinder and grind to a fine powder. 

10. Transfer the ground fused mat~:rial tn a )-liter beaker contain­
ing 9"JO irJ. of hot distilled l'.-ater, stirring constantly 1intil 
the particles are dispersed. 

11. Add .slowly '\'f.i. t~ continued stir:rin;, lC:OJ r.,l of &J?:. H::o.,. This 
is sufficier.t to neutra:iz-s th~ :·used material c..:.nd .o.J.loll· for an excess cf acid. 

12. Evanorate l1i th :t1€'ch<'>nice..l stirring until denst:. v.-!-.:!. t.e H~:IC-:. .fU.'!l!"~ 
arc detected. Th!:' silica is nc'I'• d~h:,:drated. 

13. Dilute to 2.5 lits:rs with ci:i.s'tillFc wat~:- e:.nd <:llm"T :,r, ~:c:.tlc. 
lL.. Filter the silica on No. 5 Wha.trr.an oaner with suction. lt.::sr. 

nth 250-;;co ml of hct 51. HCl~ then -rrith 25~ ml c.f d::..~t::.llP.d 
water. Trei::isf er t~c ,f:_} trat!O· and iorashi.n~s to the o:-:..[_:;ir,;.J 
beake:r-. Wash the silica r.i th 1% H£>S04, and discard the irashi r,;~. 

U?\~ll SSIF.IED 
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15. Remove the sili~a from the filter pape!' and dry in a ll0°c 
ove!' overnight. Break up the agg:::-egated material w:i. th a 
mortar and pestle, then transfer to a 250 ml platinum dish. 

16. Moisten the silica with 10% H~S04 , then add about 100 ml of HF. 

17. Evaporate on a sand bath to S03 fumes to volatilize the silica. 
Cool and dilute with distilled water, transferring the result,­
ing solution to the origirjal soil filtrate, and add 20 mg Sr++ carrier. 

18. Neutralize the filtrate With NaOH pellets until the pH is 4-4.S. 
At this point add slowly, with stir:oing, 9'J grams of Na

2
C03 and 

allow the precipitate to settle. Filter through No. 5 Wbatman 
paper with suction and discard the filtrate. 

l.9. When the precipitate is dry, remove from the filter paper and 
transfer to the original beaker. Dissolve in 200 ml of concen­
trated HCl and evaporate slowly to dryness. Do not bake. 

20. Now add 460 ml of distilled water and stir mechanically until 
the residue is completely dispersed. 

21. Actd slowly, 1540 ml of 90% HNO~ With continuous mechanical stil'­
ring and allow to remain stirring for 1/2 hour. 

22. Allow to settle until the supernatant is clear, then decant as 
much 75% HN03 as possible. 

23. Transfer _the precipitate and remaining acid to a 250 ml centri­
fuge bottle, centrifuge and decant, discarding the supernatant. 

24. Carry out another 75% HN03 separation uSing a volume of 200 ml. 

25. At this point the bulk of the calcium should be remov.orl leaving 
strontium nitrate and insoluble material. Add lo·- ml o: hot 
distilled water to the precipitate, centrifuge and decant into a 250 ml beaker. 

26. Wash again w.i th 5J ml of hot distilled water adding the supe!"­
natant liq'.Ud to the beaker aft.er cent!'ifugation. The residue can now be discarded. 

27. Evaporate the filtrate slowly to dr:rness. 

5- Cj A-B / 
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28. Now ca:n-y out a final 75% HN03 separation in the 29J ml 
beaker. (100 ml volume) 

29. Filter through a fluorothene funnel en a glass fibre filter. 
Transfer the funnel to a clean filter flask and wash out the 
acid w:i. th anhydrous ethyl ether. 

30. Place the filter on a brass disc and ring assembly (Tracerlab), 
cover w.i. th 0 .001 inch plio.fillt and ~ count. 

Recovery values are of the order of 75% for the ?rocedure as shown. 
This method was selected initially to be certain of obtaining the 
strontium regardless of its state. However, tests of leaching 
methods sh01fed good recoveries~ and they are to be prefeITed for 
handli~ large samples of soil. The following dats gives a compar­
ison of results by different methods. 

Method ~d/m/ S~ SamEle No. Source -1_ -L -L 
ll2 Albany, N.Y. o.14.:0.oa 0 .1i_+o .007 o.09!0.006 
lll+ Logan, Utah 0.16~0.os 0.012~.002 

98 Lamont Labs. .oa:!:o .04 .OB!o.04 

Methods 

1. Complete solution as described. 

2. Leaching 10 minutes with 6 N HCl. 

J. Leaching 10 minutes w.i. th 1 N AU111onium Acetate. 

The properties and abundance of the long-lived fission products were 
given in the section on bone analysis. The effect of addition of the 
follOll':i.ng mixture of possible interferences in the analysi5 of 100 
gram soil ~amples is given in Table A-7. 
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Tr.~ s J rr..!' l I::·~ r; r:\. ~ .. o~ ~: ~.. c.. :-:"11 ~·.:s:.. ~· .:.: tb !~ di ?'e~ t !'I~ l ti:i ct: c! b f,n'= c.~h 
:..n Hh"(ho di1u"t-ic.r. 11.:> ~1lite.::..::..e \• .. :l'"J.lll(! '.'l~Vi cet.e::.-:·.:.n.-,' .. :ic:-; of strcr;tiUL 

cnn'.:.e;it. t~· .flc.mc i>h0t.Oi:':(·t,17;. This r.h ·,:~.".'Id is ::'ubje:.t ~.c c::-r-:::rs o:· 
suppre:: ::·~ 01; ·cy c·:ct..ranec·us {"le.:;c:t$ :;,, r. \,he so1 uti.:m, Th-:: aep;ree of 
this su::·p!'E'Ssi0n ~s detertrine,j by -.. he addi ticn of kn:nm quant:i ties 
of strcnti um to ::rnluti C"ns of bone a~--i-1 which bad preV.:.ousl:r been 
mea~ured. 

The C.:.rect analysis did n::·t ho.re ~uffi:ient sensitint;v .• sc the 
s~i:::aration of strontium frc1m co.lei urn ''as made b;y a doubl~ nitrate 
precimtc:ti~:::. The rc:::ults of the first set of tests on s~iked 
hone sci.~::-J es c.:·e sh1·w11:. :.n 'l'2'ble- A-3. 

Be;,- qy.n-1~ qf st ro p.±.;!.1 Jrn 

Sarnnle N-.... Sr J1.("ijr,rj Sr F CU.'1-:5 _L 

1. 0 mr; 0 r.lg 
? 10 7 ('5 75 
1 2C ?.U lOJ -· . JG 26 "i' I.+ 
c:.' ;::.:; 47 '.?4 

Tn~ lon rec('very of' the l'J !:'!g quR!"i.tj_ty and th(! absence of ~t~ontiw:~ 
in t.~e n~·n-snikf':1 sar.1r.1l(. i::; at":::-~.bu~.f:'d tc the lack of s'n ta";,1lE L)e<.t­

erial tn i 0:-171 ~".:[ficiEnt rjr·eci;::. ':..c:t~ to carr? (k··'·'-n the lov; conc~.r:r­
tration cf strontium. It ir, sw;~c~.t~d that 10 mg of ba:rimri be used 
as c;, collectir.;:; agent for 1 <""Ir' cor.ce:-.t::-ations of st!":"nti"Jr:-1. 

W).th the currie:!"~ t!'lf' :re'.:c'\•er,: fC"!" loir. strontii.:."1 \':'3.s b~O\lft,l i:.-. t~ 
c-.ver 5'0%. J, ~et c·f spi.kP-d t>:-Jr:~~ we!"~ r,in at lm-rc:::- :-:t.:-nnt: t:c. 1(-..cl~ ~· 
r.ith the results sho'W'n in 'I'ath: .4.-?. 

1..,: ~,,.. '"' ...... ----

-. -, ~·, :. (; -· . 
... ot..'. 

(/ 
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ANALYTICAL PROCEDURE FOR THE SE?ARA TION CF TOTAL RADlO­
STRONTitll FROM SAMPLF!) OF VIDETA TIO'N AND FOODS 

1. Ash the sample in a nickel crucible at 900°c. 

2. Estimate the amount of ash, add four times t.~is weight of 
N~C03 and fuse. 

J. Dissolve, remove silica, and collect the strontium by 
carbonate precipitation as for soil. 

4. Run a double nitrate p~cipitation as for bone using acid 
volunes of 200 ml for the first precipitation and 50 ml for 
the second. 

UNCLASSIFIED 
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AW.LTIIC.4.L PROCEDURE FOR DE'!'ERMINATION OF 
NORMA.L STRONTI ™ IN BONE 

1. Ash the bone sample in a nickel crucible at 900°c. 

2. Grind in a mortar to a fine powder. 

). Weigh out S grams into a 2.50 ml centrifuge bottle. 

4. Add 44 ml of water and then slowly add 154 ml of 90% 
nitric acid to bring concentration to 7 5% HN03 • 

5. Add 20 mg of Ba+• carrier (as Bae~) in 2 ml of solution. 

6. Stir rapidly for thirty minutes (mechanically). 

7. Centrifuge for ten minutes at about 2000 r.p.m. 

8. Decant and repeat steps 4 thru 7 at i/2 the original volume. 

9. Decant as much cf the liquid as possible and transfer to e 
100 rol beaker with water. 

10. Evaporate to dryness and pick up with 10 ml of concentrated 
nitric acid. 

11. Add 5 ml of 1000 ppm Li solution, dilute to 100 ml and run 
by flame photometry. 

There is no agreement in the literature as to the stror.tium content 
of the nonnal human being. In part this is due to the variabili.ty 
of available strontiun in different sections of the country or the 
world, ~nd in part the disagreement is due to the methods of analy­
sis used. 

To resolve the differences for our own laboratory studies, a test 
was made of two methods of analysis. Time did not permit a compj_ete 
progra.rr. of sa~pling and analysis of bones from several individuals 
in several localities to be made. 

The data of Hedges> et al (UCLA-Li) showed a range of 0.015 to 0.040% 
of strontium in human bone. Prelireinary tests here showed the perc~n­
tar.e to be in this range~ ll'hich elirrinated gravimetric p'!"Ocedures. 
Therefore~ flc:.i-ne photometry was ~elected as the analytical method. 

m~c LASSIFIED 
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ANALYTICAL PROCEDURES FOR DETffiMIN?.TION OF SR90 BY 
SEPARATION AND comtl'ING OF Y90 

1. After the sample on the brass holder has been counted for 
total strontium and has reached equilibrium, it may be used 
for Y90 separation. 

2. Count the sample and record data. 

3. Remove the samnle from the brass holder. Wash the holder 
with about 25 ~of water. Allow washings to fall into 
beaker with the bulk of the pa~er. 

4. Bring to a boil and filter thru No. 41 paper into a SO ml 
platinum dish. Wash the beaker an<l paper with apnrox:i.mate­
ly 15 ml more of water. 

$. Evaporate to dryness on a sand bath. Add approximately 20 
ml of HF and evaporate to dlj'ness again. 

6. Pick up the residue with apnroximately S drops of HCl. Trans­
fer to a bcak~r with water. Bring volume to about SO ml. Add 
10 mg of lanthanum carrier. (This carrier must have negligible 
~ activity). 

7. Bring to a boil and adjust pH to 6-7. Allow to stand for about 
15 minutes and filter thru a 1-1/8 glass fiber paper. Place on 
brass holder. Cover with pliofilm and count. 

8. Record time that filtration was completed. Count and record 
counting date and co'\IDting time. 

9. Observe decay by counting at approximately 3-day intervals 
for a period of about 12 days. 

The procedure 'W3.5 tes .:.ed by mea~uring the recovery of y9l. added to 
solutions containing 20 mg of Sr as the nitrate. The recoveries 
found with either paper or glass fiber filters were 94-99%. 

UNCUSSIFIED 
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ANALYTICAL PROCEDURE FOR SEPARATION AND DETERMINATION 
OF RAfil'lJl IN BOtTE 

1. Dissolve 5 grams of bone ash in 10 ml of HCl~ heating gently. 
Add distilled ~O until the volune is 100 Jr.l. 

2. Adjust pH to 8 rl th NH.t, OH, centrifuge and dee ant. This pre­
cipitates the phosphates and hydroxides, coprecipitating the 
radiun. 

3. Pick Tesidue up With HCl and }bO, folloll'i.ng the procedure in 
Step 1. 

4. Adjust pH to 3.5, add 10 mg of so: as (NH4)2S~, and 3 mg of 
Ba++. BaS(4 and some CaS04 will precipitate at this point. 
Centrifuge and decant, saving onl'y the pr'ecipitate. 

5. Add HCl dropwise, until the bulk of the CaS04 goes into 
solution. 

6. Dilute to 100 ml with H2 0 and adjust the pH to 3.5. Allow 
the BaS04 to settle and digest overnight. 

7. Filter through No. 42 "'batman Filter paper and ignite paper 
at 700°c in a platinun crucible in muffle. 

8. Add 3 ml of concentrated H2 S04 to the platinum crucible and 
25 ml of HF. Allow to evaporate slowly on a sand bath until 
503 fumes are given off. 

9. Reprecipi tate BaS04 in a 50 ml centrifuge tube, using a rubber 
policeman to transfer the precipitate from the platinum to the 
tube. Allow to digest overnight. Take note of time of pre­
cipitation. 

10. Centrifuge for 5 minutes and decant. Wash twice, first ll'ith 
10 ml distilled water, and last with 10 ml ethyl alcohol. 

11. By means of a transfer pipet and eth~'l alcohol, transfer the 
precipitate quantitatively to a nickel disc. 

12. Allow .30 days for the radium daughters to come to equilibrium 
and count with an alpha scintillation counter. Or alternative­
ly, the final equilibrium value may be calculated fran the 
measured disintegration rate at any time and a factor for the 
fraction of equilibrium value existing at that time. 
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ANA.LYTICAL PROCEDURE FOR THE SEPA...tiATION A.ND DETERMIR4.TION 
OF RADilM IN 100 GRAMS OF SOIL 

1. Except for the addition of 20 mg of sr++ carrier, Step! l thru 
18 of the Sr8

i, ~0 procedure are carried out exactly the sane 
way. 

2. 'When the carbonate precipitate is d..ry, remove from the filter 
paper and transfer to a p-/rex glass tray. 

J. Place in a l00°C oven and dry overnight. 

4. Now break up the aggregated material with a spatula and crush 
as well as possible with a pestle. 

S. Return the material to a 100°0 oven and dry again. 

6. Finally place the dried precipitate in a copper radon collect­
ing tube. Plug up both ends 1'i th pyre:x wool, flush out the 
tube with hydrogen and then seal. Record the time. 

7. For full equilibri un, allow a JO day buildup, but shorter 
buildup times are useable. Measure the radon in an ionization 
chamber radon counting a~paratus. 

This method of radon collection is relatively untried, but a spiked 
sample gave the following result, 

g Ra per g Soil 

SamEle Added Found Di1:!~r~n~e 

Soil No. 114 0 $.2 x 18-13 

Spiked soil No. 114 4.o x 10-13 s .4 x io-13 4.4 x 10->-3 
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Al~Y~ICAL DEV'ELOPMEN'!' Ili PRCGRF.SS 

The Instruments Br-arch of the Heal th and S~ety Labo!"atory has been 
developing a scintillation anti-coincidence cciunter for low level 
beta measurements. This is d~signed around a solution phosphor con­
taining th~ active material in a volume of S to 10 ml. The problem 
has been worked on by three groups; the Analytical Branch developing 
the method of obtaining the active material in solution, Professor 
Kallmann of NYU wcrld.ng on the development of the optimum p~osphor, 
and the Instrunents Branch working on the developrnmt of instru­
mentation. 

The chemical operations were largely devoted to the ~epa;-ation of 
!9° from the radiostrontium plus strontium carri~r obtained ir. our 
normal chexr~cal procedures. It was desirable to extract the y 9 c 
into an orgar.ic solvent that would also be a suitable solvent for 
the fluors; such as terphenyl and the substituted anthracene. 
Initial experiments showed that certain complex'.1 ng agents which 
gave organic soluble compounds with Y also acted as quenchers for 
the phosphor. This iims truP of TTA (thenoyl trifluoroacetone). 
Other reagents such as oxine gave poor extraction coefficients. 

Tributyl phosphate (TEP) has been used in the extraction of rare 
earths from very strong nitric acid solution. The resulting crgaric 
layers, however, were found to show very great quenching. This is 
due to the presence of ni tr:i.c acid mi ch also extracts into TBP. 
It was not possible to wash out the HNO~, as the Y activity was also 
removed in the process. -

Extracting Y from saturated ammonium n.itrate solutions 'With TBP 
gave an organic layer l'lhich could be prepared as a good. liquid 
phosphor. The pulse heights obtained are equivalent to pho~ohor5 
prepared directly from TBP. Both 75% and 9)% saturated ammonium 
nitrate sol~tions also gave g~od ex~raction result~, allowir.g 
easier manipulation than if completely saturated. 

This technique should allow the ready measurement of ver:-• low levtl::: 
of Y90 as carrier-free isotope, s:nce the background of such a scin­
tillation counter could be maint.a.i nee at a low 1 evel. This nro~ed­
tn"e may also be used for deteminntion of Ce1 H whic.h is (1::1~· of the 
knOl'm non-fractionating fissi o:i products present in aged :fallou~ 
debris. The sE>cond development i~ the use of a cor.tp'4:-ati ,,.~ loc.'."i::--~­

thmic absorption plot for isotnp~ identification. In -1:.'.:'lis m1?thc:C. ~ 
the logarithm cf the rel.a ti ve activity of the unknown wi. th ·1ari ott8 
aluninum a·:;,so!'bers is plotted again~t the logar:i.thl!! of the :relative 
activity of a known isotope such as P3

;a. The slop~ of the ~"=sul t:.1: 

~l {? 
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;:.-;. '.',,i,;:·,-:, ---·· -. ,. ,;, .... ,. ·····~ •· " , :,: ~',, ·o::;i:r~O":in 
isoto?e and the intercept o:!.' the lini:. 1':i. ~ t·::e z""1·0 ~::..:;0rber e:o:is 
represents the relative 2Jnount of that isotope p:::-esent in a 

mixture. 

The advantage of this method lies in its apjlir.ability to low 
counting levels. This i~ oossible because the line slope can be 
determined from light absorbers rather than the heavy absorbers 
required for Feather :inalyse:;. The method is in tent.ative use 
for isotope characterization for mixtures of isotopes and should 
be a1'tllicable to determination of Sr

89
/

90 
ratios. 
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APPENDIX B 

ESTIMATE OF OOLLECI'ION EFFICIENCY OF FILTERS USED IN \ AIBCRAl1T 

Y:Llter papers were placed in series during two flights. If we assume t 
filters do not significant~ discriminate according to particle size, t 
efficiency can be estimated as follows. 

Let R = fraction of activity retained on filter 

c = Activity in volume of air sampled 

Ai and ~ = Activity collected by first and second 
filters respective~ 

Then 
A1: RC 

A2 : (l-R)~ 

R : 1 - A2 
A1 

The following data were obtained~ 

November 30~ 1953 

First filter in series 780 d/min 
Secord filter in series 60 d/min 

R • l - 60 
'?tiO 

= .92 

December l5p 1953 

First filter in series 2070 d/min 
Second filter in series 140 d/min 

R : l - 140 
2010 

= 095 
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APPElIDIX C 

Tabulation of Analytical Resulte 

Three tabulations of analytical dat.& ar'! collect.ed in this 
appendix. The first is the summary of results from the five 
selected sites~ the second is ~ se~ies of samples obtained from 
UCLA~ and the third is a collection of miscellaneous analyses run 
during the period. While the results of the l&.st two groups were 
not used in draw.i.ng the con~lusions reached in this report$' the 
values obtained are reported here for completene~s. 

The first group of samples from the five selecte<i sites include 
analyses of soil~ animal bone and vegetation for tot.al radic­
strontium 5 S::-00 

9 natural strontiums radium and exchangeable 
calcium. These results were used in evaluating strontium and 
radium uptake. 

One groun of samples was furnished by Dr. Kenni t Larsen of tx;LA, 
These materials from the Test Site and Al.magordo showed only 
fair correlation of bone/ soil and p:O.ant./ scil ratios, The Jangle 
soil has previously been shown 'ty Dr, Larsen to have low avail­
ability cf strontium 5 l::ut the other fotr t.est site samples shoU! :"' 
be equivalent. Their bone/ soil ratios of 2 oO .o lo6 s 58 9 and 3 .~ 
could not be fitted into the data from other sites~ as available 
calcium analyses are not availableo 

The miscellaneoutr. samples included many samples o~ animal and 
human bone but co:npara"ole so~l c:r food figU!"ee were not available 
for strontillI:l uptake studies. 



ALB.A.NY 

Tota 1 
Re.di os tronti um sr90 Natural Sr Ra 1 

Tvoo Se.nrnle dim/ d/m/c !!'.,..I_, d :r.l ~ 
SOIL 

0=1 .. 0 .16<'? • l"\t: 0 ",\ o.ns ~ ., 
0 .. :~ ... 

~·-~ -~ 
~--: 

6-12" 

ANIMA t BONES 

Calf 
Rib 33 .. s:~ le3 
Spine 35. 4:. le6 
Leg 33.9f o.a 2., l.;. 0 .. 1 J.2 Hoof 35.6_;. 0.8 3C!7 

Woodchuck 
Rib 1.9± 0.,2 .u6l 
Spine 3.s;.~ 0.2 .08 .,034 
lJ:lg 2.6~ 0.2 009 .,108 

lDGAN 

Total 
Re.diostronti urn sr90 Natural Sr Re. .!. T le ci e d/m/r;. m I d/rn/g -.;:::r 

sort -
0-1·· .,08~ 0 .. 2 • ogr. .. 02 1.0 oO 

.06::;: ~--1-6" 0.02 0.,9 .. -!_, 

. 
0-1 11 

.38~ 0.05 .16~· .02 0.,9 
" 

VEGETATION 

Grass l8f. 0.,8 ,.;, 

AUDJAL BOlTES 

lamb 
Jaw 4.,6::'!; o .. s 4:.,1 
~g 501-:- " . 0.,6-'.- C·c-i :-. .• 6 Vo.:.) 

s .. 3;: 0.0 
.. 

2 .. 2 Rib ,..., 
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TIFTON 

Total 
Radiostrontium sr90 Natural Sr Ra 1 

T d d 

~ (Measured) 

0~1"- o.02f .02 o.e .. 25 
l-6" 0± .03 

VEGETATION 

Re.ng;e Shrub 6.0:t 0.,6 
Cow Peas 2.3f 0.5 
Native Grasses 15.7± 1.2 

ANIMAL BONES 

Calf 
Spine 
Ribs 14.5+ 0.9 8.6,t 0.6 
Jaw 19.5~ 1.0 13~ 1,0 
1.eg 20.,9,f; 
Hoof 

1.0 906± 0.1 

ITHACA 

Tot.al 
RaC.iostronti um sr90 Natural Sr Ra l 

Type Sam le d/m g d/i g m d/m e.4,,. 

SOIL 

0-1 11 
0.03~ 0.,02 1.6 ~ 

• J. 
l-6 11 

1.8 
6-12" o.o04i 0.00 1 .. 7 

VEGETATION 

Pasture Grass 15.0~ 0..4 
T\ 39.4± o.E 
" 34.5± 0.7 2.e: 0.7 

ANDY..L BONES 

lamb 
Let; G. 0-'.- 0.1 0.9± .os 0.,18 • 048 
Rib G.5f o. 1 0.,18 .075 
Spine 6.1:'. 0.1 0.16 .035 
Teeth 1 .. 4~ O~l 
Jaw 5.7:; 0.1 0.20 .035 
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mrrcERs 

Total 
Radiostronti um sr90 Natural Sr Ra 1 

pe Sample d/ g d rr me/ d/m/g a .. ~ 

SOIL 

0-1" 0.04± .02 1.4 .23 
1-6'' o.03z .02 0.4 
6-12 1

• 1.1 

ANDdA.L BONES 

lamb 
Spine s.o;t 0.1 0.12 .11 
Ribs 2.4~ 0.05 1.0± 0.7 0.12 .073 
Teeth 3 .4+ 0.4 0.10 .046 
Jaw 7.2± 0.1 0 .. 11 .12 
Hoof 8.4± 0.2 0~77~ .05 0.10 .20 
Leg 7.6± o.o5 0.12 .046 
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u c LA S.tiPlES 
Ra'd:io-

Sr90 
Date Strontium 

Sample Source Sampled d,An/g dfn/g 

78 Soil Chupa.dere. Mesa. 7/53 1.8 0.2 

79 Vegetation " " 1.5 0.3 

80 Rodent bones " " 2.2 0.7 

81 Soil Jang le Soil 11/51 9.6 0.1 

82 Greenhouse plants " " 8/52 3.8 0.7 

83 Lab. rats " " 3/5G o.3 0.6 

84 Soil Test Sitt"' 10/52 5.4 0.2 
(TS & BJ) 

85 Vegeta. tion " " 113 .o 2.4 

86 Rabbit bones " " 11.0 LO 

87 Soil Test Site 10/52 4.4 0.4 
(TS) 

88 Vegetation " " 
89 Rabbit bones " " 11.9 1.0 9.5 Go 

90 Soil Test Site 6/53 0.2 0.04 

(UK TS BJ·, 

91 Vegetation " " 1.8 0.3 

9G Rabbit bones 
n " 19.0 LO 14 .o 2. 

93 Soil Test Site 6/53 98.0 0.3 

(Upshot) 

94 Vegetation " " 24.0 0.3 

95 Rabbit bones " " 327.0 8.5 48.0 12 0 



~a,-:::..:·-
:JO N 

~~ -:r·Jo t.i U.'!l Sr Ro 
Sa:nEls 

So·.i r~e dhl:.:. d..'~/g dim ls: 
{ '--:--

1 Calf; Rib Test Site 2.2:!: Ov2 
0.075 2 Spine " L9.!0.2 
0.08'.t 3 Leg n 

2.2.:t.0.2 o.s 0.004 4 Hoof " 206=0.2 0.7 o.ooo 
12 Cal!',_, Scapula Cedar City 4 A.! 0.3 
11 £"'we #1. Leg " LO± 0.2 0,4 0.41 13 #2. Leg " 3 .2,:i 0" 05 0.3 LOl 
14 ~. Leg n 

5<3..:t 0.3 o.oo.:; 
18 #4. Leg " 2c3±Q.3 

L7 
19 #5. Hoof & Leg " lL3:!:U.4 

0.48 3.9 
15 #6. Leg " LS:t0.3 0.35 2.0 
16 Lamb #1, Leg " 0.4"± 0.2 
17 #2. Leg " 9.3:to.1 

Ov54 
102 Calf Clark County 5300±0 0 8 0098:t001 On26 i:.o Nevada 101 Human, Newborn Utah L2 't 2 .l 
135 80 yr. male " o.e:t Lo 
136 46 yr. male II o.o.:t 0.04 

137 unknown " L4:t 0.6 

138 79 yr 0 male " 4.2t' 0.4 

139 75 yr 0 male tt L1:to.a 
74 children 1s teeth N X: o.o:to.12 0.10 0.029 

170 Human, .Lab skele'tOn o .os:to .02 femur 



Radio- 90 Normal 
strontium Sr Sr Ra. Sample Source d m/g d/m/g d/m/g fn/g 

5 Whole milk Sto George 9 L3 ± 0.2 .0;55 
Utah 

96 Powdered milk Sts.rla.c, 1953 o.5:t 0,04 0.2 t-0.1 0.085 .115 

97 " " A.lbs.. 1953 0.88 ± 0.08 0.5~0.1 

153 " " Bordens, 1950 0.34.:t 0.12 

113 Human milk Syracuse 5.6± 4.8 

152 Urine Newark, (milk o.o.t 3.9/1 
donor) 

o.o :t 0.6/1 157 Urine NYC 

155 Blood NYC 0.75::" 0.2/qt. 

165 Cheese Rumania. 0.04±.0.0l 

166 " Yugoslavia. 0.04 .:t. 0.01 

167 Tap water NYC 0.88 ± 0 .02/l 

168 " " NYC 0. 9 3 ! 0. Ot; /l 

169 Dis tilled .water NYC o.os ± 0.04/1 

171 Soil & Clam shells Long Is la.nd 0.016±0.001 
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APPEN:JIX J 

NOTES ON ELECTROSTATIC PRECIPITATOP 

By H • J • .Lll.U1 ovann!. 

I. Laws of Motion of Small Particles Subjected to a Force 

(a) A small part~cle subjected to a force is accelerated through the 
in the surrounding space, the resulting motion through the parti 
the media~ ·results in a resistive force to the motion g1 ven by St 

R z kdv,µ. 
(1) 

For spheres k : 3 11'. When the velocity through the media is such 
that the resistive force is equal to the accelerating force, the 
acceleration will be ze:-o resultinr in a constant velocity termed 
the tenninal velocity. 

(b) For a spherical particle in a gravitational field 

F = mg i m : ~ 71~3 f' : i It ct3 f> 

'Ihe terminal velocity rill result when 

F : R or = 

1 d2 pg -or v • 18 ./-"'-
(2) 

(c) If the pa!"ticle acquires an electrical charge and is in an elec­
trl.c~l field the force on the particle vill be 

F ~ Q E 

The terminal velocity will then be 

Q E 
(3) 

(d) For particles of a size approaching the mean free path of sir 
mcleculess a co~rection due to Cunningham is r~qui~ed to account 
~or the additional ~eloci~ caused by the p~rticle accelerating 
between impacts. This :s given by 

(L) 

-7i-
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Fo: particles subjected to electrostatic and gravitational forc~s, 
the velocity is the vector ~~m of the velociti~s giV!9n ~r (2) and 
(3) co~rected by equation (L). 

II. Lav! Governing the Charging of Particles 

Particles may acquire charges b~ ps.:;;s!..ng ~hrough a region containing ion 
of a given sign either by diffu!ion or field charging. In the former$ 
the meebanit!Tll 1 s one of impingement of the particles with the ions due 
to the kinetic energy of the gasr whereas in the latter the impingement 
is assisted by the energy imparted by t.\.ie electrostatic field. 

(a) Fc,r diffusion cha!"ging~ the equation given by White 

q: (; 5) ln 
(, 71" d c No e 2 ~ ') 
(+ 2KT / 

(5) 

gives the number of electronic charges which will be acquired by 
a particle of diameter d. 

(b) For field chargingy Pauthenier has given the following equation 
as modi!'ied by Dallavale !er a cylindrical electrostatic pre­
cipitator. 

q e 1 + 2 

71ti 

E 

Although others have aeeumed th&t the particle will acquire the 
emn or the charges given by both methods, it is felt that~ con­
sidering the mechanisms involvedr the particle charRe will be 
given by the greater of the two effects. In any easer this 
gives a more conservative result. 

(c~ 'Electrical consideratione of the charger. 

(6 

Pauthenier has shown that the potential distribution in a cylind r 
with central co-axial ·"d.~ changes fro?r1 logarithmic to a linear 
function ae the corona current incr·eases from zero; except for 
sm:..11 region around the wire6 Under these conditionf th~ fi~ld 
intensity will be given by 

E "~ ~~ 
-:.--;u-
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Figure lu river the ~lectrical characteristics of the charger at 
varlcus altitudes. The charger C.imensior.s a::"e fl 11 long by 2. r.75 11 

diameter, havin~ a i..1.re of .012 11 diameter. Neglecting end effect 

i 
__ 170 x lo-6 x 3 x io9 nt 100,000 feet 

8 x 2.SL 

giving a value of 2 .62 x ldt statarnps/cm. The mobility at 

100,000 feet = 600 x G~~) G~;) 

E : 
2 (2.62 x iolL) 

600 x 213 x 760 
273 8 

or 

:: 1.1 ESU. 

The actual observed voltage divided by the radial distance from 
to cylinder gives a figure agreeing within 2C% of the calculated 
figure which for our purposes is sufficiently good. 

For equation (5), the ion density in the charging device is requ d. 
Thi~ can be calculated by assuming a linear potential distrlbuti 
as given bv Pauthenier for this case. 

dv If ~ : E is constant then the velocity of the ions is consta 
dx 

and given by 

• k (760) ( 213) 3 p 273 
E • 

t.h~ tirre to travers= a di~tance dr from the ·wire towards the 
cylinder i~ then 

dr 
t = Vi 

during this time a cha:r~e Q • it has .filled a 1 CM lenr:th ".I!' 
c:dinder dr in radia1 thickness. The value of tne charge oe 

Q i o r :i 

'\\."1.11 then be 2 rrr d r ::.v 21'7":r a r = 'nrr v at a radius r. 

Assll!'inc particles enterinf at 1/2 cm radius, then the ion 
density No at this radius is 

Ib : 
2 TfE k3 (~)(;~~)er 

-7':'­
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Substituting values 

170 x lo-6 x 3 x io9 
: 2.62 x ioL i = 

8 x 2.SL 

k3 'It 600 

p • 8.1 

T = 21.3 

r • .5 CJll 

e = u.8 x io-10 

E = l.32 

No at .5 cm radiu! = 2.9 x ioB ion!/cc 

(d) Calculation of No charges per particle (field charging) 

q : [1 I 2 c: ~ i) J x (a) 

~~:~ x {b) 

[ii~~/17)] {c) 

Term (a) depends solely on the dielectric constant of the dus 
which we shall assWT!e to be approxi11ately J. Hence 

1 + 2 (
3 

-
1

) z 2. 
3 f 1 

Term (b) multipled by tenn (a) represents the saturation cha 
or the maximum charge obtainable on the particle. 

Term (c) deterntl..nes the % of maximum number of charges and de nds 
primarily on the time of the particle in the field of given c -
rent and field intensity. 

The time in seconds to traverse the charger is 

length of charger 8 x 2. Sh · 
t = = = 

air velocity 1130 

-82-
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1 

T( ( .Cl5) 2.62 x let 

1.32 

1i'(.ol8) x 2.62 x ioL 
1.32 

HE'r.ce c !Tlay be considered unity and 

q = 
~ ~ ~ 
~- ~ d)-'-~ X 10-v X 1.)2 : 

2 x L .. B x io-10 

= 112~i~2~ = 

( e) Ca) c-.'..llati.cn~ of t\o of charges per particle (diffusion) 

1 

- d,µ- (6.l.i) ln '[ 1 t df"- (8.15 x io-7 Noj No at 1/2 en= 2.9 10
8 

= 6.L df4 ln ~ t 236 d,µ.] 

Tabulation of calculnted charges: 

.01 
• 03 
• e;:, 
.1 ., 
·~ 
.6 

1.0 
~eO 
(_ .... 

lC 

q ( ficlc) 

1.21.i 
5.0 

13.8 
12L 
500 

1380 

a (di ff) 

.0775 

.ho 
l.Oh 
2.os 
8.2 

1).0 
36.h 

191.0 
279.0 

-~~ 3-
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(f) Deterni.natio!) o~ radial ve:lo~i t.y 

From 3 and L 

since Q = q e 

•86 (.9Lu) 1 -5 \ 

d 

v :Eq (.212)f1..1.5·9) forlOO,OOOfeet. 
r d.fl- ~ I d f4-

(g) Determination of distance .from end of charger which particl s 
·will fall. 

Area of collector section = 

.Jf- (3. 8752 - 1. 252 )= 10.6 sq.'' = .0735 sq. ft. 

100 
v axial = • 07 35 = 1360 ft/min = 690 cm/ sec 

Radial.distance particle must travel = 3.3 cm 

S • J.3 (690) = distance along axis 
vr 

~ v cm/sec s 

.06 h85 L.7 

.1 3L5 6.8 

.: 15A lh.L 

.6 96 23.6 
1.0 70.5 32 
3.0 s., ,., 

..I•' L3 
6.0 L7.0 uR.s 

lC.C 62.0 36.5 

Since the collE>ctor ie approxil'T'.atel'' 70 cm lon~, all nartic €" 

in th~ above ra~1ge of C.iameters are theoreticall~ p.!'~~ipi t..2. ~d. 

-%-
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III. Discussion 

The above is a sample calculation under specific assumed conditions. 
It is seen that the smaller particles charge primarily by diffusion. 
The assumption or 1/2 cm as the radial gives a specific value of No 
in the calculation of the charge. It is to be noted that as this val e 
increases, the charge q will decrease, but the radial distance to be 
traversed also decreases compensating for this effect. A repetition 
of these calculations must also be made for other altitudes. These, 
together with the measured efficiencies, will be included in the 
final report. 

-85-

UNCLASSIF.rED 



UNCLASSIFIED 

t ... "' '° = Bal t.t;Mn constant : l. 3~ x 10-"'"- ert./ Kelvin 

k - Constant of proportionality (general) 

k1 = Cunningham conetant (approximately .66) 

k2 = Dielectric constant of particle 

k3 = Ion mobility (for air at STP 600 cm/sec/ESU/cm) 

F = Force in dynes 

R = Reshtive force in dynes 

Ra = Radius of cylinder 

d : Diameter of particle (cm) 

d)'- : Diameter of particle in mic rone 

v • Velocity cm/sec 

vi = Ion velocity 

m 

g 

r 

f 
Q 

E 

= Viscosity of medium (for air at STP = 171 x io-6 poises) 

- Mass in grams 

= Acceleration of gravity (980 cm/sec/sec) 

= Radius of particle 

= Difference in density of particle and media 
(for dust in air p = density of dust) 

= Charge in stat coulombs 

- Electric field intensity (stat volte/cm) 

" = Mean free path of air m:>lecules (for N2 STP = .94 x io-5 cm) 

T = Abeolu te temperature 

e : Charge on electron : u.B x l0-10 stat Coulombe 

C • ~molecular velocity = 49.8 x io.3 cm/sec at 15°C 
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~re :: r.:in c0r:c e:r~tr:i ti on ( u'l:nbe '.l' ' pe!" ,,.., ' ..... ,_.. ,/ 

t : 'T'. .irne in cha.~~1" 

i = C.:>ror.a currl;!nt per ~m l~ngth of wire 

D • CylindBr diameter 

v : Volume of air per unit time 

s = Anal distance from end of wir"' 
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APPENDIX E 

FEASIBILITY OF "ESTIMATING :OODY STIDNTIUM BURDEN 
BY ANALYSIS OF MILK AND URINE 

By Roy E. Albert, M. D. 

It would be highly desirable, in the event of wide-spread dissemina 
tion of radioactive strontium, to have a reliable method of 100nito 
this hazard in large populations. Radioactive strontium is capable 
producing bone tumors in animals. Its toxicity for man is dependen 
by analogy on the same property. Since the latent period is presum 
to be in the same order as that for radium, persons under 35 would 
undergo the major risk and particularly those in the stage or activ 
bone growth. Strontium 'liOUld reach the bone only, except in unusua 
cases, by intestinal absorption. Consequently, the main source or 
danger would exist in polluted food and water. The strontium is 
concentrated in plants which are in tum consumed by dairy animals 
secreted in milk. Milk products would therefore be a major carrier 
this toxic agent. The metabolism of strontium is qualitatively 
similar to that of calcium and consequently the uptake of strontium 
~uld come from foods wi. th high calcium contents. '!be minimum dail 
requirement of calcium in adults is o.5 grams and probably double t 
for growing children. Each quart of milk contains l. 2 grams or 
calcium and consequently milk or its products can supply most of th 
calcium needs. However, a number of vegetables contain sufficient 
strontium to account !or a significant percentage or the daily 
requirements. 

g 
f 

d 

5 

The most direct method of detemininf! the potential hazard from rad o­
acti ve strontium is to measure the amounts in enough human bone of 
various ages to give a reasonable estimate of bone burden for the 
population. This, of course, has its practical difficulties. Anot er 
approach would be to obtain a cross section of the milk and milk 
product contamination but the relationship between rates of radio­
active strontium ingestion and rates of accumulation in the skeleto 
would have to be determined in humans. Still another approach woul 
involve estimation of specific activity of strontium in blood, urin 
or milk in the population. The latter two would be easiest to coll ct 
in a pooled sample, especially urine, and would provide a convenien 
monitor if the relationship between radioactive strontium excretion 
and body burden could be established. The purpose of this report i 
to assess the data available in the literature in order to determi.n 
whether and under what conditions this relationship exists. 
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Strontiu~ is depositec in the bones except for insignificant amounts 
in other tissues. Its metabolism is qualitatively similar to calciu 
but it is not a dietary substi bite since calcium-starved animals 
develop rickets when fed strontium. Strontium is incorporated into 
the tra.becula.r bone near the epiphyse~ and as time goes on, presumab 
is incorporated in the more inert portions of bone. A ~reat deal of 
research has been done on the rates of urinary and fecal excretion of 
strontium administered in one injection and it has been estimated 
that the total retention is in the order of 50% and occurs mainly in 
the first 2 hours. Oral retention is in the range of 4 - 10%. 
Strontium excretion has not been studied carefully for more than 20 
days and in this time, the relationship between tne logarithm cf the 
percentage of the initial dose found in the daily urine and fecal 
excreter bears a linear relationshi n +."' the logarithm of time. How­
ever, in a few studies with Calcium45, this relationship does not 
hold beyond 10 to 20 days, but rather there are 4 or 5 exponential 
functions relating the daily excretion of calcium to time. This 
indicates a number of compartments with different exchange rates. 
WhAn calr.ium i~ AhP~rhed from the intestine, nru.sculature or peritoneu , 
or given intravenously, there is a rapid dilution into the extra 
cellular fluid volume which occurs in a matter of minutes. There is 
then an ionic exchange with a portion of the bone which is in free 
contact with the blood. Most of the strontium is removed f:rom blood 
by two hours. Then there is also a rate of incorporation of this 
initially deposited material into the bony matrix and then presumably 
into the bony apatite crystals. There is only fragmenta:rJ data on 
the exchange rates for these compartments. 

Remarkably little work has been done on the chronic oral adnt!..nistra­
tion of radioactive strontium or calcium. However, one study with 
rats noted that an equilibrium excretion rate of st:rontium in urine 
was obtained about two days after the onset of feeding. The urinary 
excretion rate was about 'JI, of the daily ingested dose of radioactive 
strontium. Retention in adults approximated 4% and about double this 
in very young rats. Another study indicated that daily oral feeding 
of 150 microcuries of Calcium45 resulted in a stable specific activit 
of B~asma in about 40 days at a level of 2.7 x io-4 microcur:ies 
ca4~/mg. Ca. In this stu&J, the specific activity of milk was equal 
to that of blood and by inference urine. Presumably, the specific 
activity of the blood was equal to that of the ingested food under 
equiJJ.brium conditions and also with a portion of the bone whose com­
ponents are freely exchangeable with those in blood. 

Under circumstances in which a population ingested radioactive 
strontium at a reasonably constant rate, one might expect that the 
specific activity of the blood also be constant, reaching stable 
values in a relatively short time in relationship to duration of ex­
posure. In this case, urine or n:ilk would provide a useful monitorin 
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tool except that i .._, -._.o-.ilc be necessar? t~ !'elc.te- the level and du tbr. 
of exposure to bone burden on the basis of experimental data. In 
humans there is approximately 34 milligrams % of calcium in milk, 
1.5 milligrams % in urine. Urine is J!IUCh more readily available i 
large quantitie~ than milk and in view of the calcium ratios, it 
would provide a more suitable monitoring tool. With intermittent 
exposure and non-equilibrium conditions, the specific activity of 
blood, urine and milk would not necessarily follow that of the in 
gested food and consequently, the results would be more difficult o 
interpret. On the other hand, if the ingestion is intermittent, od 
analyses would be difficult to interpret. In any event, before t s 
method could be used, a considerable arount of information would 
to be obtained from feeding experiments in humans, but these are 
entirely feasible. 
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APPENDIX F 

RATE OF DEPLETION OF srRONTIDM IN OOIL 

by 

A. E. Brarxit 

The following calculations utilize our data on sr89-90 in soil milk 
and bone. Although the calculations are based on the two iso es r 
the depletion rates are unaffected as the decay of the isotop has 
not been considered. 

Case I - Cows Live on F aeture 

TOTAL RADIOSTIDNTroit. IN S<EL&'IDN OF 1200 LBo DAIRY COW IN m 

Badiostrontinm in Bone 
Grams of Ca. in d/m/ gr" Ca. 
in Bones of From To 

Ave. (1200 lb.) 
Dairy O:>W 7 11 

From 
8000 56000 88000 

To 
12000 84000 132000 

TOTAL RADIOSTBJNTnJM PER YEAR IN MILK OF A VEW.GE DAIRY 
6000 lbs. of Milk in d m 

Grams of Ca. Radiostrontium in Bone 
Per Year in in d/m/gr. Ca. 
Milk of Ave. From To 
Dairy Col'1 !:9 r,4 

3500 1J6So 22400 

If we assume the average dairy CX>W of 1200 pounds will sverag 6000 
pounds of milk per year for 10 years s after two years growing up we 
can arrive at a first estimate of her annual removal of stron ium 
from the soil as follows~ she. will renove the radio strontium in her 
skeleton whichJ according to figures no~ available, should li be­
tween 56000 and 132000 d/m. She will remove the radiostronti m in 
her milk which according to data now available~ should lie be :ween 
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136500 and 224000 d/m ovar a productive life of 10 years. The tal 
removal over a 12 year period should then lie between 192500 an 
356000 d/m. On the basis of these figures, the annual removal 
radiostrontium from the sail by what ws have termed an average 
cow would lie between 16000 arrl 30000 d/m. 

Available figures for the region in question indicate the tot 
strontium in the soil to be of the order of 3·x 106 d/m/Acre. 
assume that the anrmal produce from 5 acres of land will supp 
nutrient needs of this cow, the store of radiostrontium from w 
she will draw is of the order of 1.5 x 107 d/m. The ratio of 
of this store to the estimate of the upper limit of the amount 
moved annually by an average dairy cow would give a first est· 
rate of depletion. Thus 

1.5 x io7 7 (2) (J x io4) s 2.5 x 102 

It is likely that this value of 250 years, which might be call d the 
mean life, is of the order of 1.5 times the "hal.f life". Thus 170 
years might be said to be an estimate of the lower limit of th 11half 
life" in the depletion of the store of radio strontium in the s il of 
this region by dairy cows. 

Case II - Cows Do Not Liv·e on Pasture 

If land having a store radiost;rt;;Jntium that might be specified 
3 x 106 d/m/Acre should be crop~ed continuously to cmrpeas har 
as hay in

5
which the radiostrontium content JD.ight be specified 

1.09 x 10 d/m/1000 lbs., the depletion "half time" may be es 
as follows x a mean life time may be defined as the ratio of 
the strontium in soil to the amount removed :f%.J:>l:7 !.r~ a c..'":'cp c~s:a ia.s.7 
of which the yield comm:Jnly ranges from 1 to j tons per acre. Th\l.a 

1.5 x io6 + 2.18 x la5 = 6.88 
and 

1.5 x 106 f 6.55 x 105 = 2.29 

yield estimates of mean life for sr89-90 in soil cropped as s 
from which one might risk the statement that the depletion "h 
under the specified crop~ing system and yields would be of th 
of 1.5 to 4.5 years. 
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