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il tnis report summarizes the results to date of various investigatio
wndertaken by the Health and Safety Laboratory on Project UNSHI

The basic purpose of this report ia to present new data on the disjritu-
t:on of Strontium-50 and this, to the best of our ability, we have|dons,
Hcowever, data are only useful when they serve as the basis fer intjrpreta-
ticns and conclusions. Ve are compelled to point ocut that the dath ars

as yot relatively few and the conclusions must therefors be regardjd s
tentative, more 80 in aome areas of the repert than in others.

e ST RY ¥

SCOPE OF WORX AND PRINCIPAL PINDINGS

e specific questions which the Laboratory attezpted to answer, t
mothods of study and the principal findings can be summarized as fhpllows:

. DATA TROM THE QMMED PAPER METTORK ENABLE 4 SATISPACIORY HATE
OF Sr89-90 FALIOUT 10 THE BARTH'S SURFACE? : '

{
3

dathod of Study Principal Findings
il : il
a4 .{} F
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S H 1 i
ples of soil from ) s §
ive locations in the 3 s
Jnited States wers X 4J ety :
Bnalyzed for radicactive W AT
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ero compared with the L) : sl
ounts of radicactive P Hillsi
trontium predicted by 3 HEHHT 1 R
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- 2. WAT IS THE EFFICIRNCY OF THE GUIAGD PAPERS IN SEPARATING P

) ICULATES
“olgn YROM RAIN?
1 ’ Method vot Study Principal Pindings
: Suspensions of radio- Retention at 1" rainfall per hour varfed from 80%

sctive iron were

PR R Y

of all particles less than 2 p to 10%Jof all parti-
Data for less s

od in the lab= cles less than ,3 pu. vere rain-
:‘ g:::::y and artificial fall rates are mf as yet zvailable,
¥R rain produced under -
8 various conditions of
R temperature. The of-
AR fectivensss of the !
 JOif guaned papers in sepa-
~Rég@ rating the iron particles
‘4% from the "rain" was
‘1 B determined.
--‘\
7 1
‘¥R 3. T0 WHAT EXTENT IS THERE VARIABTLITY IN THE PRACTIONS OF 389 |a0 8r%
~==x8 IN BOMB DEERIS?
, Method of Study Principal Findings
SR Samples of fallout and  Fallout during the weeks immadiately fellowing
{0 atooepheric dust from & burst is deficieot in both strontiul isotopes.
-* o various bursts waere Samples of out and airtorne quet collscted
<3¢ amalyzed for total activ- towards the end of 1953, at which t MIXE appe ars
<A ity and the two isotopes to have besn the principal contributoy, are enriched
:nof] - of Sr. in both isotopes,
?r: x In some samples the measured Sr89-90 devisted froa
- o theoretical by an order of magnitude, put in xost
N { cases by less than a factor of twe,
i.
i N
-
b
10 ,
1 -2 -
) $01319688.00
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- IAT PACIOTS COVERY THE BiQLO
a. Is the uptrke of £eB9-90 vy livestocl terluraced wy th
¢nletun concentralion ia the 5oil from vhich their fcod is

~sthed of Stuay

0ils from five pastules
+n varioug parts ol tho
Unit.d Status were an~
alysud for radiostrun-
Lium ard ionic calcluam.
Twnuu from lambs dropped
in Spring 163 and fod in
thoso pastures were
anilyzed for radiostron-
tium,

b, Is radiim uptake similurly related tu ioui:ablu'ca‘lctui‘l :

 Method of Study Principul findinegd

for

1051035

The atove s0il and bone
samplus were am].y..ed

rndiul.
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s, WHAT IS THE 8r3950 CONTENTS OF CALCIUM DERIVED PROM LAMB BORE,
FETAL BONE, OOWS m&mmm (100 ¢ u m XEW YOEX MILKSHED?

T L

Method of ~_" 1;-:%-- o ‘ Princ Find

L

B Acalyses of material from n:pruud - d/!/p Ca, the &89-90 mm
5 various scurces. . - ~ “varied ay n | _

2049
oE. ¥
6. wr nuc-rxon P THE DEERIS FROK MIXE s m"qrmi T80
mm’gg R Principal l:

were collected at altss . ;_u of the MIXE fiaston jroduct
tudes of 88,000, 16,000 - unifornly mized in the stscsphefe up to
and 200 feete . oo-im oo BB,000 fest with evidenae tiE n undefined
doae . nrs qUAREAtY of: aiditionsl debris” ioe
K ”iltnnta anntunu %o mt
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¥
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7, IS THERE EVIDENCE OF *DRD’* OF DEBRIS STORFD IN THE UP TMOSP HERS
BY SUFER BOMBS? !

Method of Study Principal Find
Analysis of samples from This problas has been sads dcult
worldwide fallout network. by detonations in this countsly and the

is now in the atmosphers te
fallout in Novamber-Deceskar

spproximately 0.1% of the ¢
residual activity from this enation,

The mean i-eklf ftumt at

is continuing to diminish wi
of perhaps one to two montha,

MISCELIANEIS HIGHLIQHTS

i. Fallout recorded by the worldwide nstwork, opsrated on a
skeleton basis betwsen tests, was less than 1 d/m/f%2/dsy in Pecember.
The origin of the debris is in doukt dut %:s 89/90 ratio suggksts
MIKE. Thia rate of fallout is equivalent to. ,02% per week the
wotal residual radioactivity from MIKE.

2, Taldng all our data into consideration, we find we are uzhble to
account for more than SX of the MIKE fission product yield ffom

M Day to the pregent. A preliminary estimates, based on our >
samples to date, indicate that present atmo Emnc storage, wWren pra-
cipitated, will contribute about as much Sr

is aiready present.

to the earth face as
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AMALYTICAL PROCEDURESe

The Health and Snfety Laborstory SUNSEINE studies required tm
total radiostrovtimm, 0, normal strontium, and radium in a
sample types. Whers radiosctive measurements were involved it

sary that the chemical procedures produce samples suitable for
ing equipment available in the labaratory, Por this reason th

which were developed were designed to handle relatively large

In uptake studies, where relative valuss between different s
taken in the same location Wers to be amalysed, the determinat
radiostrontiuz was prefersble because of the relatively high a
scmpared with 890 alons, In some cases, the main puwpose of
required Sr80 determimstions and, where necessary, this was do

With the lower sctivity levels of Sr%0 the gonfidenoce in the r
reduced as is shown by the sounting errors given with each am
result, It should be emphasized that the lower confidence is
zatter of counting statistios and is not related to confi{denoce
chemioal methods used to prepare ssmples, o
The detsrmination of total radiostrontium, Sri° and norml strdutium all
require separation of strontium fraa the sample matrix, Our ejperience
indicates that the most satisfeatory method is the precipitatign of
strontium, with added omrrier if necessary, from 75% nitrio aofd solutiocm.
This yields a olean precipitation which is readily colleotsd
for cougting of totml radicstrontium or for the further trea
tor Sr90 or pormal strontium determination, Different sample

majority of owr samples could be classified as soil, bons, veggtation and
liquids (milk, wmter, urine and the 1liks). The preliminary se

paterials and their comversiomn to anitratss,
then ocarried out in & voluwe of nitriec scid appropriats to the

total
quantity of nitrates obtainsd, Two nitrate separations are alyays per=-
formsd and where the bulk of ths matrix material is high, an agditional
Lo .separation may be required.’ Co ‘

The f£inal nitrate precipitate may be directly osounted for total radio=
stromtium, This precipitate my then be analyzed for 1ts Sr3%content
by measurement of the Y90 daughter in equilibrium with the SriP, After
allowing the yleld to hui&d up in the nitrate precipitats, h requires
appraximately 12 days, b &

recipitation with lanthanium oarrier,

" This precipitate is o
a filter for counting,

L VoW g Y

* The details of all the analytical proocedures used in obtaimfing results
for this report are givea in Appendix A,

-6-
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soth Sr89 and Y90 are msasured by bteta counting, The preoipi‘dtes are
collected on 11/8 inch paper or glass filters. The filters ade mounted
on Tracerlad brass ring-end-dise holders, end covered with 0.041 plio~
~{1m, This shows nagligible absorption snd prevents contaminafion and
loss of samples during handling.

counting is performed with 1 {nch diameter Anton flat halogen-
tubes mountsd in simple lead oastles. Ths background sounting
thess cocuntars is minteinsd at six counts per minute and the
at about 15=20K, Higher effioiencies could be obtained but ar
gidered to be nscessary, Ths ocounters are standardised with
carbonates mounted on the same holders, 4 0,200 gram quantity
carbonate which should show 163 d/min {fram the K40 gontent)

sounting rates for standardizatiorn, )

potassium
s suitadble

The oounting times were of the order of 30 minutes for tackpr
and all results are reported with the standard deviations oale
the error of the sample when the tmokground error is takea int
Figwes 1 to 3 show the 25 valuss for background conting rates
8 o/min and counting times of 30, 60 and 120 minutes where the
background counting times are equl, (In ouwr normsl work, 2s
used, but in this report, the ls deviations are reported to oo
ceneral usage).

d and samples

Y90 samples are followed for decay for identification purposes
activity, 4f any, is subtreoted from the total Y, 90 disinte
ara determined by extrapolation back to the tims of separation
sr90 parent but ars not corrected for self-abscrption by the s
identification {s possible by absarption measuremsnts when the
suf fiofiently astive,

Some samples were analyzed for normal atrontium in order to at
‘als by plants and animals., Ths nitrste procedure is used for
of stroantium from massive amounts of calolum and octher elements
carrier camot, of course, be used in this proocedure but it has|been found
possible to obtain good recoveries with a barium carrier, The Jesulting

precipitate is dissolved and amalyzed for atrontium with the f photometer
. Radium analyses were run on many of the ssmples. All samples ejoept soils
wre analyzed by the standard method of oco-~precipitation of the fradiumm
. with barium sulphate and alpha counting, This treatment is not otioable
‘ for soils, so a new procedure was devised in which the radium ig oo=
M preoipitated with the heavy metsls by smmonium hydroxide and sodium oar~
5‘- Sonate and the daughter prodwt, radon, measured in owr standard redon
- ionization chazmbers.
) Newer methods of snalyses are in the developmsnt stage but have ot been

v used on any of the samples reported in this paper as it was fel
, standardization was very important where many results are to be
with one another. As noted earlier, the camplete analytical pr
are given in Appendix A,

00131986 010
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THE HEALTH AND SAFETY LABORATORY SUNSHEINE EXPERIMENTS

It is only natural that the rols of this laboratory in the worldeide
monitoring of debris {rom nuclear detcnations should tend to orijent
our SUNSHINE studies towards the fallout data we have accumulatel (1.4).
Our studies were designed to achieve maximum utilization of these data.

Our choice of expariments were influenced by the ultimate objectiives of
both SUNSHINE and GABRIEL, and the state of knowledge 48 reviewed at the
Rand Conference in sarly Summer 1953 (5). Our studies can be prissented
undar four headings: ’
l. Validity of data from the monitoring network.
2. TFractionaticn of the strontium isotopes.
3. Some factors involved in the biological uptake of ltroT'.iul.
L. Atmospheric storage of debris from super bombs.

Validity of Data From the Monitoring Network

Comparison of Predicted ard Measured
Concentrations of Radiostrontium in Soil

S1ils {rom five selected areas_in the United States werq analyzed
for strontium 89-90, The predicted Sr89-90 concentration in sofl varied
from 0.0067 to 0.26 d/min/gm soil, a factor of LO. —

Predicted values were calculated from the data of Table 1 which

stations in the vicinity of each locality whare soils wers samp
theoretical fraction of the total activity due to strontiumd9

was obtained from Figures A-l and A-2 (Appendix A) which have bden constructec
from data of Huntar and Ballou (6).

The radiostrontium content of the 8301l was estimated by as
density to be 1.5 and all of the activity to be contained in
inch of s0il. Where radiochexical anslyses showed radicstronti

to one inch in order to make the results comparable,

Table 2 and Pigure L suzmarize the comparison of predicted and ngeasured
values of SrS9-90 in soils from five places in the United Stated.

concentration of radiostrontium. In view of the many wncertaintfies inherent
in both fallout and socil sampling we regard these results as s
fortuitous but, nevertheless, encouraging. A more extensive s
8sems Jjustified.

00131986 014
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ESTIMATED CONTRIBUTION OF Sr89-90 70 sory AT SAMPLING Locarfres

1057044

iR ' Location Test TFallout Fissien
S Yot of Pasture Seriss Stationa Pmducte
03 (d/m/2e<)
K en 1/1/5L
R logen,
N Utah BJ Salt Lake City 27
CaR 2 by " Loso
Sug vy " 95
1) 4 " . 9000
Totals 13006
Ithacs,
N. Y. BJ Binghamton 78
TS Binghamton & Oswego
(Average of 2) =0
VY Binghamton 120
oy UK Binghamton S0
- Totals 500
. Albany,
: « Y. BJ Hartford & Burlington
b (Average of 2) 75
NE 7S Albany LLO
E vy Bingkamtcn, Roche ster &
. New York City
oy (Average of 1) 150
3 UK Albany L950
B Totals E{5o)]
",
ity Rutgers,
; i o Jeo BJ New York ut’ 60
D - ¢ s " L0
o Inr " 120
2l 1) § " 110
Y Totals TG0
‘l::_ Ti:ton,
‘7 Ga BJ  Almta, Dllalesses & Martgomary
v * . (Average of 13) 35
7 pr: Tllalmsese & Mrtgumery
. (Average of 3) 150
: IVY Atlanta & Jacksonville
(Avarage of 2) 100
UK Atlama, Acksxvills & Montgomery
(Average of 3) 100
Totals Lo
p— T
p— o —

rontium
as

/n/t12)

2 -

2h0. L
2. l.h

] 630
750 | (XN

1 -
2.5

18

).h; -
5] k0
8G ] T

70 -
L ol

3 1.8

. Te7
93

A

9. D -

ip 1.5

4 7
17 13
00131986 015
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it 4 TABLE 2
COMPARISON OF PREDICTED AND MEASURED VALUES oF sr0—2° v spry

Predicted Msazured Measured
Place (d/m/gm) (d/n/gn) Predicte
v T4fton, Ga. 0.0067 0.020 3.0
mtger" “c J. 03013 D.OT Sah
& Ithaca, N. Y. 0.028 0.03 1.1
Albany, N. Y. .12 0.16 1.3
22 & Logan, Utah 0.26 0.27 1.0
.
= A
§
=
), 3
;
;
- 1 -
— e
—

00131986.016
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pertinent question mseulﬁ is the variation {n fallout

from place to place in a given locality. A satisfactory progrim of
replication has not been possible up to the present time. Howgver, at

iogan, Utah, we did collect replicates from two pastures about|one mile

apart. The total radiostrontium assay of these soils was .22 fnd .38 d/mn/gm

Retention by Gumned Films of Particulates in
Similated Rain

An experiment was designed tc mesasure the rention Ly
of radfoactive particulates suspended in raindrops. When ws first began

that the aciivity collscted by gummed paper was comparable to,
ducible than the results obtained using trays designed for tot
of the rain water. However, reliable controlled data have not]been available
previously., The following procedure was adopteds

Normal radicactive debris was similated by finely divided pile
iron having a mass median diameter of 3 m. Te suspend the irog powder,
a fow milligrams were added to two liters of distilled water

Particle size control over the suspended particulates was cbta
slutriation of the original suspension. At a given tims, 700
at the top of the cylinder was decanted intc a sprinkling arr
(Figare 5) which provides for contimed agitation of the suspe
the sample enters a capillary tube from which droplets are pe
fall to the gummed film. Under the conditions reported hers,

of "rainfall® was 1" per hour. The retention of the gummed { was

Similar tests at lower razinfall rates are being planned but ha
Yet gotten under way.

of the gummed papers arse given in Table ). Conditioning at 5
85°C do not appear to signmificantly influence the retentivity

In order to dstermine if the iron was going into solution, #
suspensions of various ages were passed through & Millipore £
Essentially 100f of the activity was recovered on the filters,

indicating
that solubility is not a factor in the above procedurs.
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Sample Yo.

TABLE 3

EFTECT OF TEMPERATURE CONDITIONING
— orouwe marem

v o N 00 W w N

E & K E &

1057049

Temp. Conditio

[ED

of

Mlnm for Past 2L rs

Gum, Paper T™me of Flnal
!-to;don Elutriation
96 0
97 0
96 0
75 o
7 0
88 0
82 60 min
87 60 min
89 60 wdin
83 60 min
T2 60 min
83 6C min
s 60 min
84 60 min
———IIXEIMET

room temperatgre

Toom temperat

- 5%
- 5°%¢
75°¢C
75°C
roonm temper
room terper
- 50¢
- 59C
- 5%
8gor
8sec
85°
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e UNCLASSIJIED

Fractiomation of Radiostrontium in Bomb Debris

The two radioisotopes of strontium, Sr89 and Sr%° are chiefly fdrmed by

: the decay of primary fission produsts according to the schemes,
H 90 90 90
b Ir 4 Rb 4 Sr 8
ﬁij : e Shart &5 h!r
S h ) i Ru8? y) x4
t
‘ RAEY LYY X558 d

1t iz therefore possible that the bulk of the radicstrontiwm
prodused until the firebsll has cocled below the solidifying p
the fallout debrise If this is true, the relative amount of

b Aol

v -
Che
-

c

i from fission yields, and should also be quite variahl This Yas been

: 1 093 %

3 confirasd by measurements made by AFOAT~1 (Sr8P4%0A1"% ratios] and by

iy most of the results of ow own analyses.

fad

_ 'T: The axtreme variadility of our initial radiostrontium results for falle

17 out ssmples led us to questiou the precision of ow chsmical mpthods.

7{ As a test, three samples of firely pawdergs Jangleite wers by the

.‘71 sane chemical procedure, The relative Sr°" astivity was fomnd to Dde

iy 2.8, 2,1 and 2,1X, campared with the theoretiocsl value of 5.

5.

gt This diserepsncy may be poszibly acoounted for by considering t some

} #4- of the initial sctivity wmas induced, ratier than fission prodfpt setivity,

1 ! In any case, the precision of messurement is resscoadle snd ijdicates

,-‘]L’-_" that the variability of fallout radiocstrontium is real.

13

Y The fallout samples run for radiostrontium were taken fram stosk of

) decsy samples from Tumbler-Snapper, Ivy and Upshot-Knothole. | These re-

T sults, along with the theoretical radjostrontium valuss from Hunter and

T Bllou are given in Tables 4-6.

st

Table 4

Hes TUMBLER-SNAPPER PALLOU?

ES -

g Looation Date Initial &/m &-“'”h/u %

T = —

Y Hanksville, U - 5/26/52 137 9.8 740

X 108 8. 8.1
a M 74 9. 1207

3y 108 16 15,1

i Eé’- 114 1z, 10,8

i _:" 120 5. ‘.8

i bhf .

i * - . Average 9.7

LN Theoretical 8.0

{ {3

; :g ! .19-

z 00131986 022
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.. . : Niaac st EGE S S A "W#a; (PO
¢ % (This is the omly series that shows higher msasured radiostronfium values
S ¢4 ~, than predicted by the Huntsr and Ballou ourves)
"( 234 =
- Table §
~ - :
X ~
% IVY FALIOUT (Gummed Paper)
4) - :
{} Locs tion Da te Initial d/m 389904 4 <
2 Cuam 11/3/52 1998 12,8 0,66
TR 11/4/82 562 3.1 0,55
TN 11/5/82 37¢ 1¢.8 - B8
. :I 11/18/82 975 : T 7.2
(1Y | R . . e p
3 Iwc Jima 11/%/52 2130 e - 3.2
3 11/7/52 T 62 |13
oW Luson . 1/8/82 1700 9.3 088
2y ... 1/ess2 724 80 11,1
Y Average 3.8
ni Theoretical: 6.3
V; Table 8
=  UPSEOT-ENOTEQLE PALLOU? (Airborne Dust)
ey R : ' el j
¥ Losation” Date Intial oo 82990/ %
i Winslow, Aris.  4/19/83 2,980 116 & 39
W 4,180 81 T 149
13 W N -
) - Grand Jmeotionm, ¥
gh -' Colorado 8/20/53 38,800 g2z 2.1
5 Pressctt, Aris.  6/25/53 4,900 406 8.3
Y Iy
b7 Cartes, Colorado 6/5/63 7,960 719 9.0
- 2 T Average 5.0
. o - _ mﬂﬂuﬂl 8.8
e, o : ) :
B Following the Upshot-=Knathols seriess, & skeletom momitoring tilck was
v 8 miztained by NYO to tals gummed paper ssmples. The sampled from %his
‘& astwork were pooled 4in groups and run for rediostromtium, results
g 4 per gram of dust are given in Tadle 7,
¢ " -20e
: —
00131986.023,
)




LT vt . - R - .
k3 :‘ v vy Tk vy -
* et T PR S S r

.
»
i 124 -
Y 0ut
3 ,
L 21 -nt
. 6.7
j A 1.‘
- ._"g g kot ';h‘-_g-aup- regorted in the
;';:i s Thaas results are sh {n Table 8.
“F R S e R
\;i

11» 0,90
;5 0.77
& 0. 68
'ﬂ‘_- b °.19
.- Y] b 0029
R e 0.26
16 for Ivy aadield fop Upshet-Eacthole,
IR A snries of l-vfn were talea Yy Alr Foroe "Jotn at about 403000 feet,
A The papers from the jot filters were radica ed and anflysed for
¥ total radiostresime and 3r%0, T autoprapl-showed the pr{sence of
E - relatively fow marticles of high sotivity. The results of rydicchemical
il ttalyses aré” given in Table 8,
E = |
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radicstrontim content than expected, while thoes ‘aken well
detonation show a relatively high rediocetrontium content, Sin
a5 will de discussed, it bn pohh}o that frsoctiocmation has o0o
The late farmation of Sr®" and Sr°® compared to the life of the
ball male it possidle that they are more highly diapersed,
fallout s defioient in radicetrontium, since the smaller parti

main suspendsd, while'the later fallout and partioularly the
stared in the upper atmosphere csomtains an exosss,

The Srsojﬁr”’ ratios are quite constant for a given time sinoe
as lha'B in Tadle 8, Eowsver for mixed fallout from mors than
the & /Sr" ratio oan probably be wsed only as an spproximat
relative amount of mmterial from each series, -

The n-g :s.’bcot of fraoctionation appears to be minimsl, A4s not
the 3r°9 measured in soil is in good agreement with the pre

ty, based cn meas mts of total fallout in the area and the
contribution of Srusr'so.

Of interes:; is the comparison of 89/90 messured in bone with ¢
prediocted in soil, The latter is based om fallout messurememnt
the ags of the fallout into scasiderttioz, Az syen iz Plgure 7
in bone is higher than predicted by & faotor of about 2.

Table 9
Flight Initial " 30
Date Aotivity sr89:gp90 g 5-89-90 d/m | 299/4.%
8/27 4,800 d/m 3,560 74 383 0.12
11/30 274 d/n 272 99 67 0.33
12/8 35,800 d/m 18,500 46 1240 0.08
12/18 1,400 d/m 88s- " 83 210 0.31
Theoretiocal (Ivy) 1.4
(70 018
(vssm) 0,04
4ir sumples collested on the rogf st NYO during the Igok of Deo r 21st
showed an average of 0,08 d/m/m>, of which 0,02 d/u/a° was radijstrontium,
The stromtium percentage, ss for the jet ssmples, ws much highqr than
sxpected,
A 12«gallaon stainless steel pot was used to ocollest acoumulatedirainfall
and dry fallout on the roof et NYO during ths period of July 15gh to
December 23rd of 1480 d/min., of which 745 d/min. were radiostrjntium.
Again the stromtium percentage is higher than expected.
The analyses of samples taken during ths test period indicate aj lower

red,
fire-

les re-

earlier,
oted aotivi-
heoretioal

he ratio
and tales
the ratio
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RS B N

v\.“\ - \l\ 4
TIOS NS OILVY ML e TTLEY =
~\ > A ‘W. .noho ‘ N‘

1 i -
p_l“i_sv- ...*Ek\k -

/

00131986.026

4

Oy
Y77,

4
2 em T3

‘j‘& _

24

FNOG N LK.




PR — o T T —— . e e

= UNCLASSIFIED

Studies of Fmctors lovolved in ths Biclogical
Tptake of Radiostrontium

ldentifioation of the properties of soil which influence the uptile of
radiostrontium by biologioal systems is a prerequisite to undersganding
the significancs of the deposition of rediostrontium in soil.

Dependence of sr89-90 Uptake on Soil Caloium

The Beltsville Experiment Stationm has demonstrated that
laboratory soils containing Sr89, the uptake of this isotope by
is dependent on the exchangeabls caloium in the soil in which
is grown, They have demonstrated that this is likewise true fo
barium and the Health and Safety laboratory has demonstrated a
ship between radium uptake and exchangeadble caloiwum im soil.

If, as the Beltsville experiment suggests, the radiocstrontim o
plants is dependent not alone an the amount of radiostrontium
g80il, but on exchangeable caloium as well, a gorrslation should
between exchangesbls ocaloium and the ratio of Sr89=90 in livest
to 3r89-90 ip soil from which their food is derived.

To test this hypothesis, soils from five pastures in various pa
the United States were analyzed for rediostrontium and exchange
calecium, Three lembs and two oalves that had spent their entir
tims in these pastures were sacrificed and samples “8‘5 eton
Figure 8 is & presentation of our data in the form Sr

ia ®
in 20il versus the rsciprooal of exchangesble scaloium., These ddta take
the form which would be predictable fram the Beltsville experimdnts where
a linear regression with a slope of 528 was obtained., Because the
fow data, a cwrve through the points in this figure 1s not sh Bow-

sver, & lesat squares fit of the data gives a slope of 760 whi
fair agreement with the Beltsville data ocomaidering the few obs
we have and the possible differences dbetween field and laboratogy oocmditions.
In arder to emphasize the importance of the exchangeadle calciug as s
mramster in the relationship between bome end soil radiostrontium, Plgure

9 presents bome radiostrontium versus soil radiostrontium, The|data thus
resentsd are not so wrderly ss in comparison with Pigure B,

Dependencs of Ra Uyhh on Soil Caloeimm

If a aimilar dependence on exchangeadle ocaleimm oould
strated for matural radium, w would have & wseful tool for evajlmting
the significanse of radicstrontium deposition {n soils. The rahge of
wrld wide Ba in soil is lmown to a first approxzimmtion and be better
determingd 1f need be. The relationship of this deposition to
:mn bone bas been under study for some tims., Owr knowledge

{0 radium equilibrium ocould be used to estimate the ultimate
Fdiostrontium,.

-il-

T Y~ S—

00131986.027
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this laboratory, working in conjunsticn with the Beltaville grogyp, has
developed same evidemse that the uptake of radium is dependent fu ex=
changeable osloiwm in & mmer similar to redicstrantium snd bagim, Ia
order to further explore this possibility, the soils from five fastiures
were analysed for redium, as wers the bones of the livestock. [The data
obtained are plotted in Figure 10. Radimm determinmations oould jnot be
completad on the Tifton ssmplez because thege arrived too late fo permit
putld up of daughter produet activity following soparation of tHe radiwm-
226, The four ratiocs obtained when plotted againat reciprocal gxchangeadle
saloium do not show as olsar a lineer regresiion as was trus o3 stromtiume,
This may be dus to the faoct that radium does not behave as strogtim does,
er to amalytioal difficulty with the low radium scnceatrations ¥n soil.

Tbe results are not completely dizcouraging and further work seens indiocated,

¢ rison of Radiostrontium in Various
ELoE Joa] Haterials

Awong the various materials which have been amlysed for radiostfontium
ars scme which have in comman the faoct that the lgotopes ariginafed to a
large extent from soils in the region of soutbern New York and nbrthera
New Jorsey., These samples include the lsmbs and oslves from pasgures at
lthaca and Rutgers, the New York City milk supply, human milk anf stille
borns from the metropolitan Xew York area., For the last two kinfis of
ssaples, the primery origin of the rsdicstrontium is, of sowse,]in doudt
dut in human milk and stillbora alike there 1is likmly to be & lajge con-
tribution of omloium, and therefore strantium which has its origin in the
30ils from this ares.

Table 10 summerises ggn_gsuulh of analysis of these mterials, ]It will

be noted that the & agtivity when expressed in d/min/gn of|oaloiwm
are of the same order,

This is agein & test of the constanoy of the caleiwmsradiostrontium ratic
in oaloiun obtained from varioua places in the bYiologioal feeding chain,

These samples have in commom the fact that in ons way or anotherthe
oaloim was derived via vegetation, the caloiumsrediostrontim retio of
which was determined by the oumulative fallout in the geographic

1l ares
and the exohangeable csloiwm of the soil. 4 more lideral samplige pro=
gram and & more oareful study of the dietary habits of humsns in Jth
ares studied seem indiocated,

- 2? -
:g 00131986.030
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Type Sample

Cow MLlk

(powdered)

(whole)

Bunan Milk

Tetal Bone

105706 |
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TABLE 10
COMPARTSON oF $r89-99 1w
vARTOOS MIIX AND DONE SAWFLES -
Source Date set9-90
Starlac 1953 L.2 » 0.83 5.0 #]1.0
RYC 9/30/53 5.2 + 0.58 6.3 0.7
xYcC 12/8/53 8.+ 0.92 T.7411
¥TC 12/22/53 L+ 012  L9dqlds
Rutgers  10/53 n +
Tthacs  10/53 7
Newark  12/2/53 20 ¢+ 9 57 | 26
Newark  12/16/53 10 7 3.5 | 2.5
N 1. 10 * 7.5
1 +.25
- 29 - o
————
R 00131986.032
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“mgmrie Storage of Stromtium :

me atmosphere has been ampled at various altitudes to estimate thp Sr¥%
_resently stored in suspended form.
r

Nethods of Sampling
lover Am%o !200 feet) — Samples were collected at a flow of
1§ cubic Test per e an MSA Comfo filter which has an efficiency

of over 905 at 0.3 micron. The samples were collected on the roof pr the
jow York Operations Office. Smmples have been collected continwo from

89 - 000 feet) -~ The region of the tropopaupe has
been 8 a cr squipped with cellulose filtefs. Dupli-
cste samples are collected at & flow of approximstely 6000 cubie f per
sinute. The efficimmcy of collection of the filter paper sppears be in
the range 90-55% (Appendix B ). Mour flights have been completed.

Stra re (LO « 100,000 feet)— It was necessary for the|Laboratery
o design or sampling in this region the

pec
atzosphere {rom which dust had not previocusly been collected.
Although sany devices ars available for dust sampling in the lower

entirely unsuitabhle. Preliminary calculations besed on the best esjimates of
«apected concentration of activity set the requiremsat of volums ofjeir to be
" sampled gt spproximately 1000 cubic msters. Mpce the only practic
sttaining this altituds is by means of non-extensible helium £11led] balloons,
consideration of weight of tle sampler and its pelf-contained power|supply
wre of great import., Thess factors in additiop to the great reducgion in
4lr pressurs and temperature at this altitude prompted the investightion of
dlectrostatic precipitation for the soluticn of this probles.

™e wost inviting feature of the electrostatic pitator is the Iree
Passage of air through the device without ction allowing the [restest
4Ur mving efficisncy. At these altitudes, tha ease of producing
Hon without the use of excessively high voltages greatly reduces
Tirements in the charging device.
z:“-'imv testa in an evacustsd bell jar demcostrated the feasibility of
cm:‘ml contolled corona discharge restricted to a small region
ta Tl wire gt this pressure by using a quasi-constant current
m‘“htim indicated ressonsble dimensions would efficiently prec
dusts of interest.

ﬁgz L 11lustrates the basic festures of the device. It consist{ of four
secti,™ of 48 0.D. by 1/16® wall aluxinum tubing each 13* long.
N uu:.,“ntm a insert 8% long reducing the inner diamster to 2]785%,

3 wire ,012% ipn dismster is supported qn an insulator and juns centrally

. Aar ha Al WS W

/j! 00131986.033
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the xiB tc ths secord section, Corona is produced at the wire
:"‘g- long insert.

third sections have an inside diamster of 3.875" and

pecond and
e e axial electrode 1,25% in dismeter. The corona wire enters thq hemi-
end of this electrode and is msintained taut bty msans of anfinternal

"ﬂcﬂm. high voltage supply connects to this electrode (and the
ugh ¢ Fuitable insulator,
ust no corons is produced except in the wire section,

re)

This dimensional configuration was selgcted so

m¢ fourth section contains an axial type of blower dilunod for sviajion use,

ret never proviously tested at stratospheric altitudes.

pth onds of the assembly are fitted with butterfly valves operated
otor sounted on the external surface of the tube,
precipitator are lined with 3 mil aluminum foil upon which ths sampl

e high voltage power supply uses a "vitran® (vibrater-transforser)
o\ 2 primary voltage of L.5 volts. The m-load rectified end filte
witage of this device is lpprcxiuuﬂ 2750 volts and it delivers

rating conditions sbout 170 jia at 1LS0 volts. This unit together
;rhwr electrical impulse timer are cortained i wpressurized cont
) stmspheres air)., The circuit used is extremsly simpls (Figurel2
(a8 on the timer operates two sets of two switchss in accordance wi
wttings. The first cam is set to close switches B and Bl aftsr the
scent has elapsed, (Normally 2 hours). These switches actuate the
wening the valves, turning on the high veltage snd starting the bl
e sot anplj.ugltin (6 hours) at altitude has elapsed, the no
mitches A and A+ are actusted, turming off the timer and power supp
teusing the valves to close (through a back contact on the switch, A
Mover 13 also turned off by switch Al, A back contact on the blow
My be used for cutting down the balloon load.

Nver for the blewer is obtuined from a group of silver cells provid
for 12 aspere hours, Under these conditions (altitude snd voltage)
®ves 100 ofm at sltitude and consumes 1.25 smperes. In 6 hours at
::u unit samples the required 1000 cubic msters. A L.5 volt 3 AH g

WWries power the timer, H.V. supply and valve motor.

z‘n‘“hdu and pressurised container are housed in an insulated
iiner. The precipitator assembly is spring mounted in a separs

:Ch {rane. The entire assembly inclnding batteries and cables we
tely 35 pounds. .

?gf:‘um indicate that within the range of dust particle sises
et 0 the unit is 100% efficient. Due to the lack of tims,
Prtory 1o 2ot Yot been made on this unit.
breey these tests under simulated conditions. The theory of elect

Pitation and calculations based on this unit are contsined in

The active portio

a small
of the
is collscted.

perating
D.C,

er normal

ith a

. A dual
the time

switch

t of

uainum

approxi-

interest,

?uchm
Preparations are now bejng made to

rostatic
ppendixD .
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. iste, only one sample from 1000 cubic meters of air at 86,000 feet
+ obtained. Sampling was prevented by mechanical failures in two otHer

0
:‘:nt’ Flights were made from Holloman AFB, New Mexico,

s_.gliy Results

The results of atmospheric sampling to dats are given in Tadle J1.
4 bs moted that except for two of the four jet aircraft flights,
o concentrations reported are remarkably uniform,

ng value of 0.06 d/min/¥> from the aingle 88,000 ft. sample compares f m.%
uith the ssmples collected at roof level (msam 0.08 d/w/MS, range .OL-.J2 d/u/¥3),
pglecting the two values from the jet flights, the remaining two 7@1«
mr.‘. .07 d/m .

§ can offer no conclusive explanation for the two high pairs among the
collected by Jot aircraft. One might speculate that because these two
ue characterised by scmewhat higher 89 to $0 ratios (Tabls 12). that asmplas
ve doninated by debris from the USSR detonations in mid-August. Ko r, this
(ot too plemusible an explanation in view of the fact that the first pample

vis collected shortly after the Russian thermonuclear detonation and ¢
second high ssmple about four months later.

felation of M:magorj.c Samples to the Residual
ctivily from

It the fs,nann yield of MIKE was 5 MT, the residusl activity at this
Lyx curiss of which the SrV component is spproximately 2.6%, or
6 x 107 curies. this sctivity were uniformly distributed throughouf the
blanket of adr feet in thickness (volume 3z 5.4 x 1039¢t3.) the condentration
of tission product activity would be & d/min/M3, The concenmtration of |Sr?0
wuld be 0.8 d/min/AP,

samples
amples

Seglacting the two high values for the moment, the data suggest that
¢ rather uniform dispersion (.06 d/min/M3) of fissicn products in the jtmospher
uw % about 100,000 feet. This is equivalent to about 1S of ths residgal
©tivity from MIXE. In eddition, thare are an undetermined mmmber of
1o "slugs® which to dats have been observed only in the region of ths

f“‘ 5r%9-%0 content of these samples is given in Table 12 , It will
at these isotopes are present in sll samples in mmounts that exceed
;"‘“ﬁtnhh factor the percentages predicted theoretically in debris
VI, UPSHOT-XNOTHOLE or the recent USSR series. Only the samples co
:’ I8t adreraft have been analysed for Sr¥0 to date. If these sample
I'Pl"uutatiu, this isotope represents about 10f of the total activi
;T timss the expected percentage, if the debris is due to MIXE.

ot .f the 5590 yield from MIXE is estimated to be stored in the lower

the atmosphere.

— 00131986.037
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TAELE 11

COMCENTRATION OF FISSION PRODUCTS IN AIR AT VARICUS ALTITUDES

pate Time of  Humber Method
ol Altituds Saapling of of
Flacs (feet) (hours) Samples Collsction g_/:i:i‘ls
8/21/53 Lo,000 .15 2 Filters on 1.2,] 1.0
( ) Jot Aircraft
11/30/53 39,500 2,0 2 . o.olg 0.03
(WM. )
12/8/53 88,000 6.0 1 Electrostatic 0.04
(8.M.) Precipitator
12/8/53 35,000 2.0 2 Pilters on 1.9] 1.7
(n.M.) Jot Mireraft
12/15/53 Lo, 300 2.0 2 . 0.0f, 0.12
(xnuc) A ’
12(/2%/?3 200 19 1l Hi-%ol.(MSA Comfo) 0.0p
u. » ‘
12/22/53 200 2 2 " 0.0k, 0.0L
(n.!o)
12/23453 200 2k 2 . 0.1R, 0.12
(X.Y.) .
(N.X.) )

00131986.038
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3 RUDIOSTRO WTIUM CONTENT OF ATR SAMPLES
= 890 a8 g
“‘? Altitude Date_ (Percent)
» 88,0001 12/8/53 39% - -
& 35-40,0000  8/27/53 N 6 8
11/30/53 99 75 I\
12/8/53 L6 L2 L
12/15/53 63 48 15
200" 12/21-28 25 - -
PERCINT OF RADIOSTIONTIUM IN QEBRIS FROM RECEXT TESTS
(Theoretical)
8% 3¢90
- - (Percent) . 59[.90
11 4 5.4 1.0 5.5
UssE 9.7 0.4 5.
- 5%~
p— S

10517068
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gridences of Atmospheric Storage in Talout Data
e

tr Figure 13 are plotted the mean daily fallout, during the latter half of
1753, st 2L stations opersted in various parts of the world. The {ndividual
dats ought to be found in Tabls 13.

the rate of fallout in late June is largely from UPSHOT-KNOTHOLE. sharp
rise 1n late August is due to the test seriss then in progress in . It
will be noted that the sharp decline ubich began in mid-Jeptember ars to
ve continuing in late December.

Parther studies will be required in order to satisfactorily identify
teat series that contribute to this lav level deposition. As noted
the recent debris is considerably senriched in both isctopes of str
and the grednsl accretion of thess isotopes during the coming mo
iikely %o be larger in amount than the strontium that has been depo
up to the present time,

Istimate of the Total Deposition of Debris from MIKE

The Rand SUNSHINE group has estimated that lass than 1§ of MIKE de
be accounted for during the period Hovember 1 to December 31, 1952.
estimate, derived independently, is sbout LS. The discrepancy is
standable in view of the wbiirary decisions that must be mads in

From January 1 to March 1, 1953, we can saccount for an additicnal
(0.012%per week). In ths following months, the debris was dominatid by

vas not possible by cur metbods of sampling and analysis,

During the period of November 156 to December 13, 1953, we aceoun
fillout activity equivalent %o & deposition of 0.35% of the resid:
vity from MIXE. This i{s of the order of 0.15 per week and as not
Mgare 13 the decline i1 activity appears w0 de contimuing. We ¢
st this time say that the sctivity currently cbserved is dus to
not from more recent detonations in this coustry or abroad. Howe

Estimate of Fature Fallout, Based on Atmospheric Samples

Baged on the faw data available, we would estimate the uctivlti £ the atmo-
sphere up to 100,000 feet to be of the order of .06 d/min/u3 (.

¥ity 1s to be deposited on the sarth's surface in a time which
Telation to the balf 1ife of Sr¥0, the depcsition would be of
20 d/min/sq. ft. This is an amount which is equivalent to the
by all detonations up ta the nresent i{n most of the United Stat

-37 -
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STATION

Detroit 2.5 1
Knoxville 1l
Pittsburgh 2

Binghamton 6 1
RBochester 2 0 14
¥ow Haven

Boston 8 07
Yashington 4 2
las Yegas 1

Los Angeles 0

Anchorage 1 Q
Thule 03 0
Prestwick 2 ’ 6
kguu.ﬂ 5 5 9 5
Guan

Konolu.lu c} 1l
Keflavik 2 1 1.3
3t. louis L, 2
Hiroshims 0.61 0.60 .1l 5
Canal Zamne

Goose Bay ol 2 1 1
Newfoundland

San Brumo, Calif. 1.2 ol

UNCLASSIF)f

FALIOUT AT STATIONS IN WORLD-WIDE NETWORK

DURING FRRIOD YOVEMBER 16 70 DECEMPER 13, 1953

Ty Y i

1.2

<

Zero is equivalent to less than O.1 d/min.

-39
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We believe ocur most significant findings are:
1, The depeandence of radiostrontium uptake on soil calecium,

2. The remarkadble uniformity in the radicstrontiua activity i3 biological
paterials when the concentration is expressed as d/min/ga Ca,

3, Our inability to account for tha bulk of the debris from MIXE,

L, The absence of gross fractionation of either Sr89 or 8r90
snalysed,

The data provide a tentative msasure of the significance of

mclear detonations to date. What would we find s few years
there were no intervening detonations? Milk being the prins
of human Ca, we have estimated the rate st which $r90 would

depleted

from soil, assuming the availability remains as it is. " Ap ¥ dscusses
this question for two extreme situastions and concludes that b:l.nlaci;al
cows: 1,5 to

half life from soil can vary widely in pasturss that feed mi

L.5 years for fields from which cowpeas are cropped continuwoufly and shipped
to cows that feed elsewhere, and 170 years for pastures in which the ec!wl

feed. The tulk of the Sr¥0 in Case I is transferred to fi
cows feod by cowpsas grown slsewhers,

obtained,

6 d/ Ca is a Tepresentative figure for Sr89-90 of which ajout 1.5 d/a
is 3r’V, This compares with 870 d/m/gm Ca at tolerance (1 pclin a 7 Kg
skeleton containing Ca). The ratio of ths observed activity to the
tolesrance activity thus approximate «

material now stored in the atmosphere ?ﬂ ul:% doudble thip figure,
Thus, we can tentatively concluds that if the Sr
by biological and/or physical processes in a decade or two,
formed biological calcium in Bastern United States is now at
with the s0il (as seems to be the case), a skeleton which begins to develop
at this time would be expected to contain of the toleranch burden, This

burden will diminish slowly with radiosct decay but can
reduced by a shift in the equilibrium between soil and bioclogical calcium,

-m-
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FECOMMODATIONS FOR PUTURE STUDY

1. Studies in the five pastures should be continusd. An additio
pasture or two having intermediate values of soil calciua should
included in these studies.

2. In order to provids information on uptaks rates after s perioq ef
several ywars, the "pasture appreach® should be used in Eiroshima Jand
Nagasaki selecting areas within the localities in which relatively heavy
fallout is known to have eccurred. (This was includsd in our er
progran axd Dr. Harley is planning to visit Japan for this purposp in
February).

3, The program of atmospheric sempling should be expanded:

8. Balloon sscents to the stratosphere should be coxductad
weekly schedule during CASTIE and for sbout 1 ysar ther

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

c. Samples of the filters from aircraft engaged in daily
ligence flights should be made availabls to the Atomic

Commission.

d. The filter equipped FSL's assigned to Eniwetok should be used
te cellect samples in that region prier to CASTLE.

L. The milk and water supplies from 2 er J selscted communitied in the
United States should be anslyssd weekly for &r90, This data s be
correlated with pariodic pooled semples of urine and dbens.

5. The world-wide monitor netwerk should contimne inmtact for af least
2 year following CASTLE., Collectisn should de en & weekly ra than
daily basis beginning sbout 30 dxys after ocenclusion of the opegration,

6. The tumor producing burden of 3r0 in livestock should be determined.

7. Better measurements than are now available should be sads ¢f the
long lived alpha sctivities of bomb dabris.

00131986.044
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NY0-1576  "Radioactive Debris from Operations Buster and
(SCERT) Jangle®- Jamary 28, 1952, Health and Safety
Division, USAEC, NYCO.

NTO-US0S  "Radioactive Debris from Operstions Tusbler and
(SECRET) Saspper.® - Part I, Health and Safety Divili.on,
USAEC, NYOO - Jenuary 12, 1953.

WO4522  *Radiosctive Debris From Opcntion Tvy*-April 28,
(sscEET) .1953, Health and Safety Division, USAEC, NY(Q.

UPSHOT - In preparation
KNOTHDLE :

R-251-ABC  The Band Corporation - "Wrld-Wide REffects of
{SECRET) Atomic Weapons - Project SUNSHINE® - Aug. 6, 195).

NEDL Simultanecus Slow Neutron Fission of U-235 Atoms
XS085-001 I. Individual and Total Rates of Decay of the
Fission Products, H. F. Bunter and X. E. Ballou

00121986.045

1057074

- s———



UNCLASSIFIED

APPENIIX A

ARLITICAL PROCEDIRES

The analytical methods used for determiming total ndioltrontnﬁ,

total strontium, Sr"° and radiwm are given in detail in this

aprendix. The majority of the samples encounteresd were bone, spil,
vegetation and foods. Whero different procedures are required for

handling thess different types of samples, the methods are giv
separately. :
The actusl methods are prefaced by charts for determining the

theoretical contri on of radiostrontium tu total fission profiuct
activity and the 5r%/8r%® activity ratio as a function of tim

since durst.

The methods reported are those actuslly used in the analyses T
in this report, but & summary of analytical develcpments in progress

is given at the end of this sppoendix.
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FO 1M N UTYED SION PFRODUCTS

In & given sample containing the fission praducts of Pu or P38 it
is necessary to have a theoretical messure of the (Sr®® ¢ Sr*°)/
(total fission activity) ratic as a functicn of time.

Hurter and Ballou have derived gunroximate exvressions for total
fission product activity as a functicn of time. If it is expressed
in minutes, these equations are:

A(t) = (156000)¢~3:38 lday $t < L days
A(t) = (2h00)t=3+03 L days < t < 100 days
A(t) = (2-26x10%)t72+%° 100 days ¢ t < 3 years

At 130 days after burst time,Sr®® and Sr®® contribute 10% and 0.35
respectively to fission product.activity. The ratio ots?.e:r for

any time is then calculated from the Sr half lives and the.A.(t)
formulae. This ratio has been plotted in Fig. A-l.

With a knowledze of the percent contribution of each Sr isotope to
total activity, the disintegration rates of Sr®® and Sr°° at any
time are readily obtained using the A(t) data. The ratioc of Sr°°/

3r*® has been plotted from 1-1000 days in this manner in Fig. A«2.
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The final conclusion is that these isotopes do not inter=
fore in the method of analysis used for bone samples.

=1 57
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water.
beaker.

ANALYTICAL PROCEDURE FOR THE SEPARATION OF TOTAL
RADTOSTRONTIOM FROM A 100 GRAM SAMPLE OF SOIL

Dry the entire sample in an oven at 110°C.

2. 8ample, using standard sampling procedure (quartering pr
until approximatsly 125 grass of soil is ob*ained as a r
sentative sample.

3. Igmite in & mckel crucible at 900°C,
ke Weigh out 100 grams of the igmited material.
Se Add WOO grams of Na,COy and mix thoroughly.

7. Cool by immersing in s beaker of cold water, withdrawing
at first. Continue immersing and withdrawing until the
is cool enough to place on 1 transites board. The NagCOs
oot be wet at any time.

8. When the crucible is cocl, turn i% upside down, tap the #ottcl
with a pestle and allow the solid fused materisl to falllinte
a portar.

9. Break up the fused material in a hand grinder, transfer
sutopatic grinder and grind to a fine powder.

10. Transfer the ground fused material to a 3-liter beaker
ing 00 =1 of hot distilled water, stirring constantly
the particles are dispersed.

11. Add slowly with comtimued stirring, 1000 ml of 0% HC1
is sufficient to neutralize the fused material and all
excess of acid. |

12, Evaporate with mecharical stirring until dense¢ white HC]
are detected. The silica is rnow dehydrated.

UNCLTASSIFIED

ss)

6. Yuse in 2 puffle at '900°C (mmizsum tespersture) for LS5 mihutes,
(mirminue time) until the melt is clear and hcmogeneous.

uickly
ible
should

Lo an

ntain-
1

. This
for an

L0y fumes

13, Dilute to 2.5 liters with distilled water and allow to

W, Tilter the silica p'n No. 5 Whatman paper with suction.
with 2590-500 m1 of hot 5% EC1l, then with 250 ml of disiilled

ottle.

Wash

Transfer the filtrate and washings to the origimal

Wash the silics with 1% Ha30,, and discard th

2 S

UNCIASSIFIED

1051019

‘min‘s.
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Remove the silica from the filter paper and dry in a 110°
oven overmight. Break up the aggregsted material with a
sortar and pestle, then transfer to a 250 =l platinum disp.

- 16« Moisten the silica with 10X H.SO,, then add about 100 ml pf HF.

L 17. BEvaporate on a sand bath to 303 fumes to volatilize the silica.

: Cool and Mlute with distilled watar, tranaferring the result-
' ing solution to the original soil filtrate, and add 20 Sr+*
carrier,

18, Neutralize the filtrate with MaOH pellets until the pH 1d L-L.S.
At this point add slowly, with stirring, S0 grams of MNay and
allow the precipitate to settle. Filter through No, S tman
paper with suction and discard the filtrate.

19. VWhen the precipitats is dry, remove fram the filter pa and
transfer to the original beaker. Dissolve in 200 ml of dorcen~
trated HC1 and evaporate slowly to drymess. Do not bake

20. Mow add LGSO ml of distilled water and stir mechamically fntil
the residus is completely dspersed.

21, Ag4d slowly, 1540 ml of 90% HRO_ with continucus mechamichl stir=
ring and allow to remain stirring for 1/2 hour.

22, Allow to settle until the supernatant is clear, then dechnt as
much 75% ENO3 as poasible.

23. Transfer the precipitate and remsiming acid to & 250 ml pentri-
fuge bottle, centrifuge and decant, discarding the superjatant.

24, Carry out another 75% HNO, separstion using s volume of ROO ml.

25. A¢ this point the bulk of 'the calcium should be removed leaving
strontiun nitrate and insoluble material. 4dd 10C ml hot

distilled water to the precipitate, cemtrifuge and decaft into
a 250 ml beaker.

26. Wash again with 50 ml of hot distilled water adding the |super-
patant 1iquid to the beaker after centrifugation. The gesiduve
can now be discarded.

~. - . :
SaTE v .
R B M

R

27. Ewaporste the filtrate slowly to dryness.

)
o

3 55
UNCLA SSIFTED
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)
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28, ¥ow carry out & fimsl 75% HNO; separation in the 250 ml
beaker. (100 ml volume)

29, TFTilter through a fluorothens funnel on a glass fibre filt#r.
Transfer the funnael to a clean filter flask and wash out [the
acid with anhydrous ethyl ether.

0. Place the £{lter m a brass disc ard ring assextly (Traceqlad),
cover with 0.001 inch pliofilm and g count.

Recovery values are of the order of 75% for the procedure as siown.
This method was selected initially to be certain of obtaiming fhe
strontium regardless of its state. However, tests of leaching
nethods showed good recoveries, and they are to be preferred f4qr
handling large samples of 20il. The following dats gives a ¢ T
ison of results by different methods.

Method (d/w/

Segmple No.  Source 1 3 ‘
12 Albany, §,Y. 0.14%.08 0.11%0.007 o.;;.oob
peint . Llogan, Utah  0.1620.05 0.01220.002 -
98 lamont Labs.  .082.04  .08%.0L -

Methods
1. Complete solution as described.

-

2. Leaching 10 minutes with 6 X HC1,

3. Lesching 10 minutes with 1 X Armonium Acetate.

The properties and abundance of the long-lived fission productls were
given in the section on bone amalysis. The «ffect of additiod of the
following mixture of possidle i nterferences in the analysis 100

@rem soil samples is given in Table A-7.

M¥e 6O
UNCLASSIFIED
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The sixplest method of analysis is the direct solution of bdne ash
in HNO3, dilution to suliable volume and determination of sy
content by {lame photometry.
suppression by extraneous elements in the solution. The degree of
this suepression was determined by the addition of known g
of strontium to solutions of bone ash which had previously
messurad.

The & rect anaiysis did not hers sufficient sensitivity, s

the
separation of strontium {rom calcium was made by a double fitrate
precipitation. The results of the first set of tests on ked
bone samples are shown in Table A-3.,
Table A-8
JRecoyery of Strontdum
Samole No. SriAdded  SpFound £
1 0 og 0 mg -
2 10 1.5 75
3 20 20 100
L ko) 26 37
S 50 L7 21

The low recovery of the 10 mg quamtity and the sbsence off strontium
in the non-spiked sample i3 attridbuted to the lack of s
erial to form sufficient precipitate to carry down the
tration of strontium. It is suggested that 10 mg of barjum be used
28 & collecting sgent for low concentrations of stronti

With the carrier; the recovery for low strontium was bropzht w to

over 90%. A set of spiked bones wore run at lower strongium levels,
with the results shown in Table A-),
Table A0
Strortium Recnvery (Bgrim Cu'.-ier!
, Photometer
Sample No. Sr Added Resdipg S
1 0 ng 9 25
2 1 39 .5
). 3 L6 U
S 5 Off-ascale

The bone sazple used for spiling (Amputation from Belljvuo Hospitsl)
was shown to contain 0.019% Sr.
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URCLASSIPIED

ARALYTICAL PROCEDURE FOR THE SEPARATION (® TOTAL RADIO-
____ STROWTTON PBOM SANPTFS OF VECETATION AND FOODS

Ash the saople in a nickel ~rucidle at 500°7.

Estipate the amount of ash, add four times this weight of
¥agCOy and fuse.

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

Run a double :mnu precipitation as for bone using acid

volumes of 200 ml for the first precipitation and 0 =l for
the second.
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k4 ANALYTICAL PROCEDURE FOR DETERMIRATION OF
NORMAL STRONTIMM IN BOME

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

2. .Gfin:lin a nort.u"' to a fine poldor;

3. Weigh "nt § grems into & 290 ml centrifuge bottle.

1 4. Add Ll ml of water and then slowly add 19; -1 o 901
¥ I h mtrio acid to bring comcentrstion t 7§

1 5. 'kdd 20 ‘mg of Ba*™ carrier (as BaCly) in 2 ml of solution.
= ' 6. Sur rapidly for thirty minutes (mhlm.cnlh)-
7. Gontﬂfuge for ten minutes st about 2000 r.p.m.
B. ‘_D.unt and Tepeat steps L thru 7 at}_./? the original voluje.

9. Decant as much of the Hquid as pouiblo and t.unsfor to
100 ml beaker with water.

X 5 10. ‘Bv.:pox-ato to dryness and pick up with 10 ml of concentra
! mtric acid.

,..v. 11. ‘Add S ml of 1000 ppm 14 solution,dilutltolmlland
r \ry flsme photometry.

x4 There is no agreament in the literature as to the strontiuvm cdntent
of the normal human being. In part this is due to the variabjlity
of available strontium in different sections of the country of the

world, and in part the disagreemment is due to the methods of fnmaly~
sis uged,

To resolve the differences for our own laboratory studies, a fest
wis sade of two methods of analyeis. Time did not permit a lete
progrea of sampling and analysis of bones from seversl individuals
in several localities to be made. ]
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ANALYTICAL PROCEDIRES FOR DETERMINATION CF S2°° BY
SEPARATION AND COUNTING OF Y°°

Aftar *he ssmple on the brass “:l.i~ “»s been crunted for
total stromtium and has reached equiiibrium, it may be used
tor Y°° separation.

2. Count‘ﬂu sample and record data.

j. Remove the sample from the brass holder. Wash the holder
with about 25 ml of water. Allow weshings to fall into
bealer with the bulk of the pager.

k. Bring to & boil and filter thru No. Ll paper into a 50 nl
platinum &ish. Wash the beaker and paper with aporoximate-
1y 15 nl more of water.

5 Evaporate to dryness on a sand bath. Add approximately 20
nl of HF and evaporate to dryness again,

6. Pick up the residue with aporoximately S drops of HCl. Trans-
fer to a beaker with water. Bring volume to about 2 wml. Adq
10 mg of lanthanum carrier. (This carrier must have negligibje
p activity).
7. Bring to a boil and adjust pH to 6-7. Allow to stand <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>