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This report summarizes the results to date of various invustidktions

urdertaken by the Health and Safety Laboratory on Project SUN

e

HINE.

The basic purpose of this report is to present new data on theldistribu~

tion of Strontium-90 and this, to the best of our ability, we

ave dons,

However, data are only useful when they serve as the basis forlinterprota-~
tions and conclusions. We are compelled to point out that theﬁdata ars

as yet relatively few and the conclusions must therefore be re
tentative, more so in some areas of the report than in othsrs,

SCOPE OF YOIRK AND PRINCIPAL TIMNDINGS

methods of study and the principal findings can be summarized

The specific questions which the Laboratory attempted to answef# the

arded ss

followse

1. DO DATA FROM THE GIMMED PAPER NETTOURK ENABLE A SATISFACTONY] ESTILATE

OF 5r89-90 FALIOUT T0 THE EARTH'S SURFACE?

Method of Study Principal Findinps
L T T T Tt e
A R AR IR R e ﬁ I
O e et 50 s
Samples of soil from v Lrﬁ '-4&1\1{’ "J |i i -?:;: i pra\l ;;Ea"H HiHll JHr
five locations in the § ii' i Rl J_: (A H ;m i u ' ‘.I HE
United States wers NS (5 BT AT T
analyzed for radioactive NS i ’4%7“5 T e fi : 'i,,
strontium, The results \ L :‘2?:?%1;, i 4 i dlihly AHERL
wero compared with thae 5 1'?‘ il il ol i
amounts of radioactive N oz il it?q".ﬂ: HHIBH il
otrontium predicted by RS TR Sl
N ENNafad ”i*_rjw »l[ﬂ1
our fallout measurements, ﬁ it J”!" H_; I uﬂﬁ'!"ff
illim i P
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2. WHAT IS THE EFFICIENCY OF THE GUMMED PAPERS IN SEPARATING P%ETICULATES

FROM RAIN?

Method of Study

Suspensions of radio=-
active iron were
prepared in the lab-
oratory and artificial
rain produced under
various conditions of
temperature, The af-
fectiveness of the
gammed papers in sepa-
rating the iron particles
from the "rain" was
determined,

3. TO WHAT EXTENT IS THERE VARIABILITY IN THE FRACTIONS OF srd

IN BOMB DEBRIS?
Method of Study

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

Principal Findings

ried from 303
of all parti-
evere rain-

Retention at 1" rainfeil per hour v
of all particles less than 2 p to L
cles less than .BJu. Data for less
fall rates are not as yet available

51] AND 5r70
Principal Findings
Fallout during the weeks immediately Jollowing
a burst is deficient in both strontiug isotopes.

Samples of both fallout and airborne fust collected
towards the end of 1953, at which tim¢ MIKE appe ars
to have been the principal contributol, are enriched

in both isotopes.

viated from
ut in most

In some samples the measured sr89-90
theoretical by an order of magnitude,
cases by less than a factor of two,
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5. WHAT IS THE 5r89-%0 CONTENTS OF CALCIUM DERIVED FROM LA

FETAL EONE, CCWS MILK AND HUMAN MILK IN THE NEW YORK MILKS

Method of Study

Analyses of material from
various sources,

5. WHAT FRACTION OF THE DEBRIS IS STORED IN THE ATMOSPHERE?

Method of Study

Atmosphere dust samples
were collected at alti-
tudes of 88,000, L0,000
and 200 feet,

Principal Finding

8

Expressed as d/m/gm Ca, the
varied as followss

%r59-90 contan®

EZE/gm Ca
Lamb Bone 7 o 11 2
Cow Milk 3,68 o.% o 6.1 E 0.%
Human Milk 10t 7 to 20t
4= 3
Fetal Bone 1,28

Principal Findings

Data thus far suggests that

1% of the fission product yiel
uniformly mixed in the atmosph
B8,0C0 feet with evidence that
quantity of additional debris
detonation continuas %o exist

atmospheri

in both Sr®9 and Sr9C,

of the atmosphere,

dust is considarab
About |
Sr?0 yield is tentatively est
to be stored ini the lcower 100,0C

o 10 = ‘o2

ap

reup o

rom this

enriched
of the.




7. IS THERE EVIDENCE OF "DRIP" OF DEBRIS STORED IN THE |PPER ATMOSPHERE
BY SUPER BOMES?

Method of Stuwdy Principal Fixlgings
Analysis of samples from This probler has been made difficult
worldwide fallout network. by detonations in this cohntry and the _

USSR. Ifwe attribute what . o

is now in the atmosphers,|weekly
fallout in November-December 1953 was
approximately 0.1% of thelcalculated
residual activity from this detonation,

The mean weekly fallout af] all stations

is continuing to diminish pith a halflife
of perhaps one to two months,

MISCELLANEQUS HIGHLIGHTS

i. Fallout recorded by the worldwide nsiwcrk, cperated on
skeletcn tasis betwsen tests, was less than 1 d/m/#42/day i} December.
The origin of the debris is in doubtt but *ha 85/90 ratio sufgests
This rate of fallout is equivalent to ,02% rer week of tha
total residual radiocactivity.

2. Taking all our data into ccnsideration, we find we ars umabla Yo
account for more than 5% of the fission product yield from
M Day to the present. A preliminary estimate, based on cur
samples to date, indicate %hat present atmospheric storage,
cipitated, will contribute about a3 much SroV 4o the earth
is already present.

hen pre-
rface as
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ALLYTICAL FROCFDURSS %

Tho Zealth and Saflety Laboratory SUISIIING studies recuirad ar
total radiostrontium, SrLO, normal stromtiwm. and radium in ¢
sample types, Where radicactive meesurements wore involved i
sary that the chemical procedures produce samples suitable fof the count=
ing equipment aveilable in the laboratory, For this reason the methods
which were developed were designed to handle relatively largeflsamples.

lysis for
variety of
WBS necsse

In uptake studies, where relstive values between different sa
taken in the same location were %o bs analyzed, the determina
radiostrontium was preferable becauss of the relativsly high a
compared with Sr90 alone, In some cases, the main purpose of
roquired 5r90 determinations and, where necsessary, this wms do

le types
on of total

With the lower activity levels of Sr90 the confidence in the r

result, It should be emphasized that the lower confidence is
matter of counting statisties and is not related to confidence
chemical methods used to prepers samplese

The determination of total radiostrontium, sr9% and normal stro
require separation of strontium froam the sample matrix, Cur ex
indicates that the most satisfactory method is the presipitatio
strontium, with added carrier if necessary, from 753 ni%ric aci
This yields a clenn precipitation which is reedily nollected on
for cowmting of total radiestrontium or for the further %reaitmen
for 3r99 or normal strontium detormination, Differant samplie ty
quire different treatments to prepars them for this sseparation 3
majority of our samples could be classified as soil, bons, veget
liquids (millk, water, urine and the like), The praliminary separ
are solution of the sample and collecti~n of the strontium and
mater ials and their conversion to nitrates, The nitrate sseparati
then carried ocut in o volume of nitric acid appropriate to the t
quantity of nitrates obiained, Two nitrate separations are alway
formed and where the bulx of the matrix material is hich, an addigi
-geparation may be requirsed.:

ilters
requirad

The final nitrate precipitate may be directly counted for total r
stromtium., This precipitate may then bs analyzed for i%s 590 co
%y measursment of the Y99 daughter in equilibrium with the SrS°,

allowing the yield to build up in the nitrate precirita*e, which

aoproximately 12 days, ° my be semarated Yy an irmonlm Lordrsid
Tresinitaticn with lamtiha-iom sscriar,  Thiz otrecsiticace 3

~
W OV Ve e S v
- g - —— .

* The details of all the analytieal procedures used in obbtaining fpesuliz
for this report are siven in Appendix A,

- —————————-—




Soth 259 and Y90 are mwasured by bsta conmting, Ihe precifitatss ara
zollectad on 1=1/8 inch paper or glass filtars, Ths Silterd are mounbed
on Tracerlab brass ring-and=disc holdsrs, and coverad with (} 001 plio-
film. This shows neglipibls absorption and prevents conbtamikation and
loss of samples during handling.

Counting is performed with 1 inch diameter Anton flat naloge
tubes mounted in simple lead castles, The bVackground countils rate of
these counters is maintained at six counts per minute and th effiziencies
at about 15=20%. Higher eofficienciss could be obtained but gre not con=
sidered to be necessary, The counters are standardized witl} potassium
carbonate mounted on the same holders, A 0,200 gram quantity of potassium
carbonate which should show 163 d/min (from the X%© content) kives suitable
counting rates for standardization,

“fi lled GgMe

The counting times were of the order of 30 minutas for backgr
ard all results are raported with the standard deviations cal
the error of the sample when the backgroumd error i3 taken in
Figues 1 to 3 show the 2s valuss for background conting rate
8 o/min and counting times of 30, 60 and 120 minutes where th
backoround counting times are equal, (In owr normal work, 2s
used, but in this repors, the 1ls deviations are reported to ¢
ceneral usage),

und and samples
ulated for

o account,

of 4, 6 and
sample and
lues ars

orm vrith

Y90 samples are followed for decay for identification purposaesfand residuval
aotivity, if any, is subbracted from the total Y, Y90 4isintelration rates
arae determined by extrapolation back to the time of separationifrom the

sr90 rarent but are not corrected for self-absorption bty the sdmple, Further
identification is possible by absorption measwrements when the fampls is
sufficiently aotive,

Some samples were analyzed for normel strontium in order to stufly the up-

taks by plants and enimals. Tho nitrate procedure is used for fhe separation
of strontium from massive amounts of calsium and other elsments} Strontium
carrior camot, of cowrse, be used in this procedure but it has]been found
possible to cbtain good recovsries with a barium carrier, The fesulting
precipitate is dissolved and aralyzed for strontiwm with the fldme photometer,

Radiunm analyses were run on many of the samples., All samples o
were analyzed by the standard method of co=-precipitation of the
with barium sulphate and alpha counting. This treatment is not
for soils, so a new procedure was devised in which the radium isjaoo=
nrecipitated with the heavy metals by ammonium hydroxide and sodjum care
bonate and the daughter produwet, radon, measuwred in ow standard padon
ionization chambers,

JVewer methods of analyses are in the development stage tut have npt been
used on any of the samples raported in this paper as it was felt Fhat
gstandardization was very important where many results are to be chpmpared
with one another. As noted earlier, the complete analrhical procqdures
are gziven in Appendix A,
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THE HEALTH AND SAFETY LABORATORY SUNSHINE EXPERIMENT

It is only natural that the role of this laboratory in the wofldwide
monitoring of debris from nuclear detonations should tend to prient
our SUNSHINE studies towards the fallout data we have accumulpted (1-L).
Our studies were designed to achieve maximum utilization of these data.

Our choice of expariments were influenced by the ultimate objpctives of
both SUNSHINE and GABRIEL, and the state of knowledge as revipwed at the

Rand Conference in early Summer 1953 (5). Our studies can be]presented

under four headingss
1. Validity of data from the monitoring network,

2, Fractionation of the strontium isotopes.,

3. Some factors involved in the bioclogical uptake of stfontium,

L. Atmospheric storage of debris from super bombs,

Validity of Data From the Monitoring Network

Comparison of Predicted and Measured
Concentrations of Radiostrontium in Soil

Soils from five selected areas in the United States wpre analyzed

for strontium 89-90, The predicted S5r89-90 concentration in
from 0.0067 to 0,26 d/min/gm soil, a factor of LO.

Predicted values were calculated from the data of Table 1 wh
cumilative 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 stront iumd
was obtained from Figures A-l and A-2 (Appendix A) which hav
from data of Hunter and Ballou (6).

soil varied

h records

at network
pled. The
and strontium¥C
been constructed

The radiostrontium content of the soll was estimated by assuﬁing the soil

density to be 1.5 and all of the activity to be contained in

the upper

alue from zere

inch of soil., Where radiochemical analyses showed radiostroﬂ;ium in layers

of soil below O0-1";, this activity was added to the measured |

to one inch in order %o make the results comparable,

tas,

Table 2 and Figure L summarize the comparison of predicted a‘d measured
t

values of Sr89=90 in soils from five places in the United S

The measured values in the soils were from 100 to SLO%Z 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 justified,

predicted

inties inherent
somewhat
sampling program




TABLE i

ESTIMATED CONTRIBUTION OF Srt2=9C 70 SOIL AT SAMPLING LCCALYTIES

Location Test Fallout Fissicn
of Pasture Series Stationa Produc®s frreontium
{ jl'/m/ft ) 9@ . Be
on 1/1/3L 4/m/?42)
Logan,
Utah BJ Sait Lake City 27 ed 1 -
TS " Loso 2k b
IVY " 53 218 1.4
UK " 9000 g 630
Totals 13000 290 630
Ithaca,
N. Y. J Binghamton 78 7 -
TS Binghamton & Qswego
(Average of 2) 250 62 245
IVY Binghamton 120 L 18
UK Binghamton 50 | 25 3e5
Totals 3C0 73 4
Albany,
N. Y. BJ Hartford & Burlington
(Average c¢f 2 735 j? -
TS Albany Lo z6 -
vy Bingramicn, Rechester &
New York City
(Averags of 3) 155 5 -
UK Albany LycC 2t %G
Totals 5600 o} 35C
tgers,
N. J. BJ New York City 80 T2 -
TS ” LicC 2 ol
Ivy " 12 L6 1.8
UK 1 110 > T
Tetals TGO 33 949
Tifton,
Ga. BJ Atlsnta, Tallahassee & Manigomery _
(Average of 3) 35 g -
TS  Atlata, Tallahassee & Mortgomery
(Average of 3) 1s0 JTO -

IVY Atlanta & Jacksconville
(Average of 2) 100 k Nl 1.5

UK Atlamtay JAackaonville & Mormsgemery
(Average of 3) 100
Totals iCs bk T3




TABLE 2

COMPARISON OF PREDICTED AND MEASUEED VALUES OF Sroo—2° IN SOT
Predicted Measured Measured
Place (d/m/gm) (d/m/gm) Prediceed
Tifton, Ga. 0.0067 0.020 3.0
Rutgers, N. J. 0.013 0.07 Sel
Tthaca, N. Y. 0,028 0.03 1.1
Albany, N. Y. .12 0.16 1.3

Logan, Utah 0.26 0.27 1.0
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A pertinent question which remains unsettled is the variation
from place to place in a given locality. A satisfactory crogri
replication has not been possible up to the present time., How
Logan, Utah, we did collect replicates from two pastures about
apart. The total radiostrontium assay of these soils was ,22

Retention by Gummed Films of Particulates in
oimilated Kain

n fallout
of
ver, v
ong mils
nd .28 4/min/zm,

An experiment was designed to measure the rention by
of radfoactive particulates suspended in raindrops., When we
to use gummed sampling media in our fallout gtudies, field
that the activity collected by gummed paper was comparable
ducible than the rsesults obtained using trays designed for
of the rain water. However, reliable controlled data have
previously, The following procedure was adopted:

FS
Lo,

no

d films
first began
tasks dsmondrated

and mors repro-

totkl coilecuiun

been available

Normal radioactive debris was simulated by finely divided rils
iron having a mass median diamster of 3 m., To suspend the iro
a few milligrams were added to two liters of distilled water

Particle size control over the suspended particulates was obt
elutriation of the original suspension. At a given time, 700
at the top of the cylinder was decanted into a sprinkling arr
(Figurs S5) which provides for contimued agitation of the susps
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 fi
expressed as the percentage of suspended activity recovered by

A cumulative frequency curve of particle size versus time was
using Stokes Law (with Cunningham's correction as necessary).

irradiated
powder,
d agitated.

ned by
illimeters

gement
sion until
itted to
he rats

m was

the filﬂh

talculated,

From this

curve, and the data on retention at various times, Figurs 6 wafp developed,

expected. This may be because of the heavy rate of simulated

ainfall.,

The retention of the gummed films in these tests was not as hiEh as was

Similar tests at lower rainfall rates are being planned out ha
yet gotten under way,

Experiments to determine the effect of 2L hours of temperaturs
of the gummed papers are given in Table 3.

Conditioning at 5°f

e not as

conditions
and at

859C do not appear to significantly influence the retsntivity pf the films,

In order to destermine if the iron was going into solution, s
suspensions of various ages were passed through a Millipore fi
Essentially 100% of the activity was recovered on the filters,
that solubility is not a factor in the above procedure.

[

les of
tar.
irdicating
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EFFECT CF TEMPERATURE CCNDITIONING

UNCLASSIFIZED

TABLE 3

Sampls No. Gum_ Paper

Retention
¢4
1 96
2 97
3 96
b 75
5 P
6 88
7 82
8 87
9 89
10 83
11 72
12 83
i3 c1
1 84

OF GUMMED PAPER

Tima of Final

Temp. Conditibning of

Elutriation Film for Pasy 2L hours
0 rocm tewmgeraturs
0 room terferaturs
0 - 5°G
0 - 594
0 75°0
0 759
£0 min room temgeraturs
60 min rocm templerature
60 mn = 5¢(
6C min - 5°4
60 min = 39
5C min 85°(
50 min 859¢
60 mn 85°4
UNCLASSIFTED




)

74

=
vy

Y

INF.

|
i
]

s j.

'
I
Y
i

l
™
N

i ¢

NN . -»* e

o ji el Wt b urwﬁﬂkm\%mﬁ%&u\\.ﬁq Fzew zapzsep 2 -
BERINES) S resseo NQKQEEW Nw?.&h\\m;wtnﬁwﬁunﬁ@g T R i S

P POUR, A SR SRS S | PSS

N

N

J

N

N,

Reuilelly H

SIS T

EESUIRS I S

t ! i & ,,“ g T : ‘v.ohl.wl“i{lul' QWW
. LP;. It N T FR AR BONASNANIIN P SR va
£ H . ” 01L-|.w.0illx.__m....|,..|.l.,....‘,.l4.‘..W..._‘. SR .F \ J
! Mltzuwll.f lL,.ii - Fs RS RS l D B fy W
4..1.“..-er.r‘W“H.‘..HtI.MHW‘.MU e oo IS ", . - M
i i i g s S SRS DR AT 'S
n J.M.H-i R JIrr = : of
ul..r)vvulr|‘rn..||»|lx||||......l‘. ‘y¢¥‘ e ]
(@)

D

)
—

———e— e - !ul_.ll .I II.,. - yH‘ —t
e LLL- SIS I N PR S S * P

111—'4:I|w«1,_, AU DI AV

et e T R - -

O S |*.I|..l._‘|?+ 1b+|.]f.

!

, RS |

S N EREER RN 2 1 AN i ]
i LLI!..LIo,I_YLFJ,LvL A .TII..IT»IK-'A_TI »¢|._ —_e li,u_if R D, M_ e e -

; i

i 1

|
S
$e77

Ll S 3N S O R ST T T dam ik —i.
R EE T . i ;

'

'
5 4
g

S SO IDNRPIUUE: SRS - S,

T ot [N S

!
|
1 3 i - 5 : s B

0 SO SO A DRV SO TS SRR (i R S —

WAL

RN N SO FOUN S NAPRS SN DYDY NP IDDPRUPRIE B DU

i

O DR S-S Sy GUSSI. PRSPEPD RS PP

PYNIL (PR Eop g I R

b nll\ﬁ\.?l.lé»,*lll,l.l.\ — ...|L-£ - ”||| R R ceeemd —=

, ir”..",lu.ﬂﬁxftfi,LlTVPFM.Ih ISP IS 1 MY SR SR S S S S S RGOSR S S

77L pLO

SR RIS AT | SN NITE 1 TNCAANRSA 10 B o T SO N A TR S - _ R -
J-»LA.. IR | : w0 T D D _ . S I
_ o - i T SRR s
SRR SR . | 4 S SUOUS S O SUUN. PO PR JUR IS PP p U P P S : : X
~-!11*.l! e i SR S ST N U N T O R T . e P P wmesn das G
R G L A SSU N RRS I Jtt [ L . ST ; B -  a s b w - 4//
U .L el ML ILEIT IR e e e e e L N ” ks Sl ] o




fracticnasicn of Radicshtyontiiim i Zamb Calir

) LA .
The two radioisotopes of struntium, 3r°? an ar“c are chiafly
the decay of primary fission vroducts accor:ding %o shs schemses,
Q R
90 g R0 4 520 4
20 8 Shor® 53 d
k8 8 Ro8Y se®? 4
T 15,4 n 020 Y

It iz therefore possible that ths bulk of the radiostrontium

fhrmed oy

v not be

produced until the firebali has scoled below ~he solidifyineg ppint of
the fallout debris. If this i3 true, the rslative amount of 459 oo 290
in the close~in fallout should not bs as greet a3 would te prepicted

from fission yields, and shou}géalso Bg quits veriahle.. This
confirmed by measursments (Sr3¢°990 ;Y7 ratios) and by
most of the results of our own analyses, ' S

The extreme variability of owr initial radiostrontium results
out samples lsd us to question the precision of cur chemical
As a test, three samples of finely powdereqg Jangleite wers r
same chemical procedurse, The relative Sr ! acgtirity was foun
246, 2,1 and 2.1%, compared with the theoretical valua of 5,5

This discrepancy may be possibly accounted for by considering
of the initial activity was induced, rather than fission prod
Ir any cass, the precision of measurement 15 reasonable and :
that the variability of falleut radiostrontim is real,

The fallout samples rua for radiostrontium wera taken {rom oy
decay samples from Tumbler~3Saapper, Ivy and Upshot=Knothols,
sults, along with the theoretical radjostrontium values f{rom
Ballou are given in Tables 4-%,

Table 4

TUMBLER--SNAFPPER FALLOUT
{&1rbcrne Dust)

n2s_been

—~————

fer faile
thOdSQ
ty the
o be

L]

that soms
ot Agtivity,
dizataes

Ir stnek of
m

thess ro-=
sunter and

Location Date Initial d/m 23990} /m 54
Hanksville, U 5/26/52 137 9,6 7.0
108 8,67 8o
T4 9,3 120?
1C6 16 15,1
114 12, 1C.5
120 5,8 4,8
Averace 9.7
Theoretical 860




(This is the only seriss that snows lizhar peasurad -adiczironfaum wmlues
than predicted by the Hun“er and uﬁxlﬂu S ves )
Table 3
IVY FALLOUT (Gummed Faper), Noyvember 1352
Location o Initial d/m Srov=90y /m % -
Gwam 1595 12,19 q.54
562 KPR Q.55
378 1445 3.7
975 "3 1.2
Iwn Jima 2120 3% g-2
']"84‘ 802 05
Luzon 1700 903 ﬁo55
724 86G 1.1
Average ob
_—_ Theoreticai : o
Table 6
UPSHOT=KNOTHCLE FALLOUT (Airborme Dust)
89
Leocation Daty Initial d/m sro? 90§£m A
Winslow, Ariz, 4/.3/53 2,380 118 369
4 155 81 1.9
Grand Junction,

Colorado 5/20/53 38,800 822 1 |
Prescott, Ariz, 5/25/53 4.200 408 8o
Cortez, Colorade 6/5/5%3 7,960 e 9,0

Averagae 560

Theoretical 8,8
Following the Upshot-Knnsthols seriss, a skelatcn monitsring hetwork was
maintained by NYO to talke gummed paper sampies, Ths sampleq from this
network were pcoled in groups and run for radiostrontium, e results
per gram of dust are given in Table 7,
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R SE—_—

Table 7

; No, of Date Initial Total Sr 50 90 1. 89
! Samples Processed d/m/grm - d/m/erm % s4°¥a/m  Sr’¥/r
| 119 8/21/53 55.2 0.6 1.1 0.3 1.0
120 9/2/53 6142 749 13 3,6 0.8
121 9/3/53 9643 104 -=1 3 0,5
122 9/6/53 195 1.2 0.6 1.6 oe
123 9/7/53 250 547 2.3 249 1,0
124 9/10/53 224 6.8 3.0 - o
125 10/19/53 127 10.2 8.0 3.l 0.4
126 11/4/53 100 6ed 64 01 -
Average 4.9 0.7
Three samples each from the Ivy and Upshot-Knothole groups jeported in the
previous tables were analyzed for Sr9Y, These results are }hown in Table 8,
Table 8§
Series Date Looation sr8945,90 kr9° sr99/5r89
! Ivy 11/52 Iowa Jima 32 4,7 0.90
; 11/52 Luzon 39 645 0s77
| 11 /52 Guam 61 4,2 0.68
i Upshot- 5/25/53 Grand Junction 104 1645 0.19
| Enothole 5/2753 Prescott 119 P6.8 0.29
: ‘ 6/5/53 Cortez 123 25 .6 0,26

The 90/89 ratios predicted from the data of Hunter and BalJou would be
1,4 for Ivy and 0,18 for Upshot-Knothole,




13 o S 9

giighb zgigigiy 3r39 58,90 % 528990 i} 5r9C/5p®?
8/27 4,800 d/m 3,360 T4 : 0,12
11/30 274 d/m 272 95 6 0033
12/8 35,500 d/m 16,300 43 124 0.58
12/15 1,400 d/m 935 53 2%, Co31

Air semples collected on the rogf at NYO during the wgek of
showed an average of 0,08 d/m/m:”9 of vhich 0,02 d/m/m* vms r

The strontium percentage, as for the .aircraft samples, was i

expected.

A 12~pallon stainless steel pot was used to collect accumula
and dry fallout on the rocf at NYO during *the period of July
December 23rd of 1480 d/min,. of which 745 d/min. wera radio
Again the strontium percentage is higher than axpested,

The analyses of samples taken durinp ths test period indicat
radiostrontium content than expascted, while thosze %aken weli

detonation show a relatively high radiostrontium contant. 3

pcember 213% -
iostrontium,
ch higher than

ad rainfall
15%h %o
trontium,

2 lower
aftar
nce ths ree

cent high altitude measuemsnts give the highest strontium fghresntage.,

as will be discussed, it jc probag;a that fractionation has
The late formation of Sr°" and Sr°° cempared to the 1ife of
ball make it possible that they are more highly dispersed,
fallout is deficient in radiostromtium, since the smaller p
main suspendsd, while the later fallout and partisularly the
stored in the upper afmosphsre scnbains an exuess,.

pecurred,
tha fire-
The early
rticles re-=
material

The Srgo/sr89 ratios are quite constant for a given time si
as shown in Table B, Howsver for mixed fallout from more t

ce detonatlion,
r. one serilas

the Sr° /Sr89 ratio can probably be used only as an approxijmtion of the

relative amount of material from each series,

The net effeot of fraotionation appears to be minimal, As
the 5r°9790 neasured in soil is in good acreement with the
ty, based on measurements of %“otal fallout in the area and
contribution of 5r°°~

Of interest; is the comparison of 89/90 measured in bone w
prodicted in soil., The latter is based on fallout measure

oted earlisr,
radicted activi-
he theorstical

h +the ratio
185, and takes

the age of the fallout into consideration, As seen in Figuge 7, the ratis

in bone is higher than predicted by a facter of about 2,
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Studies of Factors Involved in the Bioclogical
Uptake of Radiostrontium

Identification of the properties of soil which influence the
radiostrontium by biological systems is A prersquisite %o und
the significance of the deposition of radicgtrontium in soil,

Dependence of Sr89<90 Uptake on Soil Caloium

The Beltsville Experiment Station has demonstrated th
laboratory soils containing Sr89, the uptake of this isotope

¥

take of
standing

in
Cow Peas

is dependent on the exchangeable calcium in the soil in which fthe plant

is grown, 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 soil,

If, as the Bel®sville experiment suggests, the radiostrontium
plants is dependent not alone on the amount of radiostrontium
soil, but on exchangeable calcium as well, a correlation shou
between exchangeable calcium and the ratio of sr39-90 ip 1ive
to Sr89-90 in s0il from which their food is derived,

To test this hypothesis, soils from five pastures in various

the United States wore analyzed for radiostrontium and exchan
calcium, Three lsmbs and two calves that had spent their ent
time in these pastures wers sacrificed and samples of ske%eto
Figure 8 is a presentation of ouwr data in the form sr89-90 4n

in soil versus the reciprocal of exchangeabls calzium, These

the form which would be predictable from the Beltsville experi

a linear regression with a slops of 529 was obtained., DBecaus
few data, a curve through the points in this figure 1is not sh
ever, a least squares it of the data gilves & 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 exchangeabls c¢alei

rerameter in the relationship between bone and soil radiostro
9 presents bone radiostrontium versus soil radiostrontium,
presented are not so orderly as in comparison with Figure 8,

Dependence of Ra Uptake on Soil Calcium

If a similar dependence on exchangeabls caloium could
strated for natural radium, we would have a useful tool for e
the significance of radiostrontium deposition in soilss The
world wide Ra in soll is known to a first approximation and ¢
determined if need be., The relationship of this deposition 4
human bone has been 'nder study for some time, Owur knowledge
bio radium equilibrium could be used to estimate the ultimate
radiostrontium.

or radio-
relation=

bontent of
in the

j: axist

ock bone

ry conditions,
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data thus

e demonw

be better

radium in
bf the goo=
Fate of

g




(7109 A0 £:10 09L/CUNTHANGTITTINNY) +472)
‘0 L0 0 £ #$o £0

I

L)

s¥7hink.

]
m

.w%lymra!.“
i

‘.”

Hes

|
i

bl

1
it




(7008 wB/ %% ) 7/08 N/ <& THLOL TZHASHT,
N4 20 =

&

R LR E ;
e I .

g

B

a8 Smburigt

B pasiay
C SRS

TR

R

i
LT

—— P e |
|

1
g

:
X BRI
"; i Ty
it ! AR ety
= -
It + f TRt FRRES FesTs ERERY
i AR D e R
Hofi i i il g
b Y e R
s Tl T rutrr
it ] ezt
1 =it i
pnd fakuy EREnd g3 17
aerd < it E
AT IESE Hin
oef §unud b ey Rt ey hiati
3 T4 o jebgns
T e Y T
4] ] di i
g auw —r s e Rah]
b i
Hiteifestt {H ]
FESS} ST s Jfus yyE
SR L
T [EUSTE Py S B Siis
e I el pel) tHe
EIERlE [5des
i E SH1
igeidst i 2a3iF
sl B e
g
=

Wmak bu Hi
ek FECTt fike. Hal
R st phyet o) dat
SRR o
- 4. )
i i
wias Sauge Farw -
e ) foai i
pE sl e i
i RN
ial i 2 j
WT vy gy
[ busnd Sagun
12l iR iEpt:
FEYPR EEaTa Fyny R -
gl el i
= ey ' H RS
Fewed b1 i il N
IR +1H ) i e s
T ] TR &1 Py ETS T T B
b i ;w.« it { 1l Htm b MLI.,
: ; i i 1y 1 Hil
+ Filitr R i el 8384}
: aldi il i Ehlide
e FptitH LRTHIED s
] 131t S tites posH Bentl
3 ahs e =] FEES:
il Es i i :
it i
e st Hsat
FEE

v

Vi

A 7

—
~
g

/

73
A

a

e

[P

A evd

o

/

7




This laboratory, working in conjunction with the Beltsville gro

order to further explore this possibility, the soils from five
wore analyzed for radium, as were the bones of the livestock,
obtained are plotted in Figure 10, Radium determinations couldnot be
completed on the Tifton samples because these arrived too late
build up of daughter product activity following separation of t!
226, The four ratios obtained when plotted against reciproecal

calcium do not show as clear & linear regression as was true fo
This may be dve to the faoct that radiwm does not behave as stro
or to anmalytieal difficulty with the low radium concentrations

The results are not completely discouraging and further work se

strontium,
ium does,
soil.
indicated,

Comparison of Radiostrontium in Various
Biolopgical Materials

Among the various materials which have been analyzed for radiostfontium
are somes which have in common the fact that the isotopes originafjed to a
large extent from soils in the region of southern New York and ngrthern
New Jorsey, These samples include the lambs and calves from pasfures at
Ithaca and Rutgers, the New York City milk supply, human milk anq still=
borns 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 heas its ori in the
soils from this area,

Table 10 summarizes the results of analysis of these materials, t will

be noted that the Sr89=90 activity when expressed in d/min/gm of kaleiwm

are of the same order,

This is again a test of the constancy of the calciumsradiostronti
in caloium obtained from various places in the bilological feedin

which was determined by the cumulative fallout in the geographica
and the exchangeable oalcium of the soil, A more liberal samplink pro=
gram and a more careful study of the dietary habits of humans in fhe

area studied seem indicated,
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Type Sample

Cow Milk

{(powdered)

(whole)

Lamb Bone

Human M1k

Fetal Bone

TABLE 10

COMPARISON OF sr89-90 1N

VARIOUS MILK AND BONE SAMPLES

Source Date
Starlac 1953
Alba 1953

NYC 9/3¢/53
NYC 12/8/53
NYC 12/22/53
Rutgers  10/53
Tthaca 10/53
Newark 12/2/53
Newark 12/16/53
N. Y.

d/m/gm Ca 4/l __
L.2 + 0,83  5.p * 1.0
3.9 = 0,83 h.L{ & 1.0
Se2 = 0,58  6.p + Q.7
6. = 0,92 74 + 1.1
Lel =+ 0,12 L+ 1.
11+

?

20 + 9 51 - 26
10 =7 355 2.5
10 = 7.5

1 +.,25
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Atmospheric Storage of Strontium

The atmosphere has been sampled at various altitudes to estimate Jhe Sr90

presently stored in suspended form.

Methods of Sampling

Lower Atmosphere (200 feet) -- Samples were collected at
15 cubic feet per minute through an MSA Comfo filter which has an
of over 90% at 0.3 micron. The samples were collected on the roo
New York Operations Office, Samples have been collected continuo
12/21 - 28/53.

been sampled by a aircralt equipped with cellulosse filters, Dup
cate samples are collected at a flow of approximately 6000 cubic
minute, The efficiency of collection of the filter paper appears
the range 90-95% (Appendix B ). Four flights have been completed

Tropopause (35 - L2,000 feet) -- The region of the tropogirsehas”

flow of
efficiency
of the
sly from

eet per
to be in

Stratosphere (LO - 100,000 feet)-- It was necessary for tHe Laboratory

to design and build special equipment for sampling in this region
atmosphere from which dust had not previously been collected.

Although many devices are available for dust sampling in the lower

of the

atmosphere,
Hevices

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, 5Since 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 factors 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 the electrostatic precipitator is th
passage of air through the device without restriction allowing th
air moving efficiency. At these altitudes, the ease of producing
tion without the use of excessively high voltages 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 indicated reasonable dimensions would efficiently p
the dusts of interest.

Figure 1l illustrates the basic features of the device, It consis
sections of 4" 0.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 and

timates of
air to be
al means of
balloons,
supply
tion in
ation of

free

greatest
orona joniza-
he power re-

ility of
round the
er supply.
ipitate

s of four

[he first

P, 7859,

runs centrally
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along the axis to the second section. OCorona is produced at the fire within
the 8" long insert,

The second and third sections have an inside diameter of 3.875" agpd contain a
central axial electrode 1.25" in diameter. The corona wire ente:I the hemi-
spherical end of this electrode and is maintained taut by means of 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 gviation use,
but never previously tested at stratospheric altitudes. T

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

by a small
ions of the

The high voltage power supply uses a "vitran" (vibrator-transform
at a primary voltage of L.5 volts, The no-load rectified and fil
voltage of this device is approximately 2750 volts and it delive
operating conditions about 170 pa at 1450 volts, This unit toget
ZE hour electrical impulse timer are contained inm a pressurized ¢
(3 atmospheres air). The circuit used is extremely simple (Figur
cam on the timer operates two sets of two switches in accordancs

settings. The first cam is set to close switches B and Bl after

ascent has elapsed, (Normally 2 hours). These switches actuate th
opening the valves, turning on the high voltage and starting the
the set sampling time (6 hours) at altitude has elapsed, the no
switches A and Al are actuated;, turning off the timer and power s
causing the valves to close (through a back contact on the switch
blower is also turned off by switch Al. A vack contact on the bl

mgy be used for cutting down the balloon load.

) operating
red D.C,
under normal

12). A dual
ith the time
e time for
valve motor,
ower, After

Power for the blower is obtained from a group of silver cells pro
for 12 ampere hours. Under these conditions (altitude and voltag
moves 100 cfm at altitude and consumes 1.25 amperes. In 6 hours
this unit samples the required 1000 cubic meters. A 4.5 volt 3 AH
batteries power the timer, H.V. supply and valve motor.

iding 12 volts
) the blower
100 cfm

set of

The batteries and pressurized container are housed in an insulateq aluminum
container. The precipitator assembly is spring mounted in a sepajate aluminum

angle frame. The entire assembly including batteries and cables Weighs approxi-
mately 35 pounds.

Calculations indicate that within the rangse of dust particle sizeqd »f interest,
.05 to 10 m; the unit is 100% efficient. Due to the lack of time] efficiency
tests have not yet been made on this unit., Preparations are now Yeing made to
perform these tests under simulated conditions. The theory of elfqctrostatic
precipitation and calculations based on this unit are contained in AppendixD

le is collected.
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To date, only one sample from 1000 cubic meters of air at 88,000 feetJhas

been obtained. Sampling was prevented by mechanical failures in two qther
ascents.

Sampling Results

The results of atmospheric sampling to date are given in Tablq 11.
It will be noted that axcept for two of the four aircraft flights,
the concentrations reported are remarkably uniform.

The value of 0,06 d/min/M3 from the single 88,000 ft. sampls compares [favorably
with the samples collscted at roof level {mean 0.08 d/m/M3, rangs .0L$}.12 d/m/M3).
Neglecting the two Bigh values from the jet flights, the remaining twq samples
average .07 d/min/M-”.




Date
and
Place

8/27/53
(Talif,)

11/30/53
(N.M.)

12/8/53
(N.M.)

12/8/53
({‘oﬁo)
12/15/53
(N.u.)

12/21/53
(N.Y.)

12/22/53
(N.Y.)

12/23/53
(N.Y.)

TABLE 121
CONCENTRATION OF FISSION PRCDUCTS IN AIR AT VARIOUS ALTIFUDES
Time of Number Method
Altitude Sampling of of 3
(feet) (hours) Samples Collection d/min/M
Lo,0co .75 2  Tilters on 1.2, 1.0
Adrcraft
39,500 2,0 2 " 0.0L4, 0,03
88,000 6.0 1 Electrostatic 0.06
Preacipitator
35,000 2.0 2 - Pilters on 1.9, 1.7
Aircraft
40,300 2.0 2 " 90,09, 0.12
200 19 1 Hi-Vol. {MSA Comfo) .09
200 2L 2 " D,OL; 0.0L
200 2L 2 ® *.12, 0.12
200 96 2 1o b 0089 0007

12/2L - 28/53

(N.Y.)

]

93]
Y 2Y
.|




TABLE 12
—L

e e I Rt i

RADIOSTRONTIUM CONTENT OF AIR SAMPLES

sr89-50 589 5¢90
Altitude Date (Percent) 8d/90
88,000° 12/8/53 39% . - n
35-40,000t  8/27/53 i 66 8 %.3
11/30/53 99 75 24 3.0
12/8/53 L6 b2 L 1p
12/15/53 63 L8 15 b.2

200° 12/21-28 25 - - -
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Evidenc2s of Atmosphariz Sterags in Fallasat Data

In Figure 13 are plotted the mean daily fallcub, during the latfer

1953, at 2L stations operated in various parts of the worid., The individual

data ought to be found in Table 13,

The rate of failout in late June2 is largely Irom UPSHOT-KNOTHO

rise in late August is »robably due to foreign tests. It will bp noted that the
sharp decline wnich began in mid-September avpears to be continujng in late

October.
Farther studies will be required in order to satisfactorily idenjl
%23t zeries that coniribute to this law leval depesitisn. As nofe

the recent debris is considerably snriched in both isoterss of s{roniium

likely %o be larger in amount 4han %he stmntium that has te=n 4

and *the gradual accretion of %these isotopes during the coming ma?S
up to the present time,

nalf of |

Tke sharmp

fvr the
d earlier,

hs is
osited

Estimate of Puture Fallout, Based on Atmospheric Samples

Based on the few data available, we would estimate the actlvity o
spher= up %o 100,000 feet %o b2 of the order of .08 4/mrn/m3 (.OOF

Approximately 10% of this activity appears tc be sr?0, If all of
vity 1s %o be deposited on the carth’s surfasz in a time which is
relation to the half 1life of Sr9o, the deposition would be of thes

20 d/min/sq. ft. This is an amount whish is squivaien: o ths Sri0

br all datonations up tc the cresent in most of the United Staizsd

]
A% ]
-3

+ha atmo-
d/min/t%3),

thiz acti-
short in
oxdar of
depositad
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CENERAL CONCIUSIONS

We believe our most significant findings ares
1. The dependence of radiostrontium uptakebon soil calcium.

2. The remarkable uniformity in the radiostrontium activity in Jiological
materials when the concentration is expressed as d/min/gm Ca,

3, Our inability to account for the bulk of the debris from lvy.

L, The absence of gross fractionation of either Sr89 or Sr90 ianamples
analyzed,

The data provide a tentative measure of the significance of Sr?0

nuclear detonations to date. What would we find a few years hence if

there were no intervening detonations? Milk being the principal fourcs

of human Ca, we have estimated the rate at which Sr%0 would be deplsted
from soil, assuming ths availability remains as it is. Appendix F discusses

this question for two exireme situations and concludes that the blological
half life from soil can vary widely in pastures that fzed milk cofss 1.5 %o
L5 years for fields from which cowpeas are cropped continuously shipped
to cows that feed elsewhere, and 170 years for pastures in which fhe cows
feed, The bulk of ths Sr?0 in Case I is transferred to fields magured by
cows fed by cowpeas grown slsewhere, Here is an axample of one pgoblem

of the many that make it difficult to gesneralize about the data wq have
obtained.

5 d/m/%m Ca is a representative figure for 5r89-50 of which about
is Sr70, This compares with 870 d/m/gm Ca at toleranze (1 pc in
skelston containing 36é% Ca). The ratio og the obsarved activity
tolerance activity is thus approximately..,. ~rotential depositio
material now stored in the a<mosphere .~3Y3 easi double this fi
Thus, we can tentatively conclude that if the Sr¥0 in soil is not
by biological and/or physical processes in a decade or two, and if
formed biological calcium in Eastern United States is now at equil
with the soil (as seems to be the case), a sksleton which begins %
at this time would be expected to contain _l_ of the tolarance b

burden will diminish slowly with radioactiggaaecay but can be mark
reduced by a shift in the equilibrium between soil and biological




RECOMMENDATIONS FOR FUTURE STUDY

1, Studies in the five pastures should be continued. An adqi
included in these studies.

2. In order to provide information on uptake rates after a geriod ef
several years, the "pasture approach" should be used in Hiroghi
Nagasaki selecting areas within the localities in which relatjively heavy
fallout is known to have occurred. (This was included in our] original
program and Dr. Harley is planning to visit Japan for this purpose in
February).

3. The program of atmospheric sampling should be expandeds

a, Balloon ascents to the stratosphere should be conductgd on a
weekly schedule during CASTLE and for about 1 year théreafter.

b, The feasibility of obtaining dust samples from rocketq fired
into the upper atmoaphere should be explored.

c. Samples of the filters from aircraft engaged in daily fintel-

ligence flights should be made available to the Atomic] Energy
Commission.

d. The filter equipped aircrist assigned to Eniwetok should]be used
to cellect samples in that region prior to CASTLE.

4., The milk and water supplies from 2 or 3} selected communitids in the
United States should be analyzed weekly for Sr50, This data sHould bas
correlated with periodic pooled samples of urine and bene.

S. The world-wide monitor network should continue intact for least
a year following CASTLE. Collection should be on a weekly rathpr than
daily basis beginning about 30 days after conclusion of the opefation.
6. The tumor producing burden of Sr?0 in livestock should be dtermined.

7. DBetter measurements than are now available should be made of the
long lived alpha activities of bomb debris.

- L ~bp-
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APPENDIZ A

ANALITICAL PRCCEDURES,

The analytical methods used for determining totel radiostrontfum,

total strontium, Sr'° and radium are given in detail in this
apnendix. The majority of the samples encountered were bcne,|soil,
vegetation and fords. Where different vrocedures are requiref fcr
handling these different types of samvles, the methods are gifen
separately. :

The actual methods ars orefaced by charts for determining the
theoretical contribution of radiostrontium to total fission prpduct
activity and the Sr%%/3r®® activity ratio as a functinn of ti

since burst. .

The methods reported are those actually used in the analyses shown

in this report, but a summary of analytlical develcpments in prygress
is given at the end of this appendix.

A1
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HARTS FCR STRONTIUW INW MIXED FISSIiCN FRCDUCTS

In a given samole contairing the fissicn oroducts of g; or Uazb,i
is necessary to have a theoretical measure of the (Sr + Sr°%)

(total fisszion sctivity) ratic as a functi~n of time.

ct

Hunter 2nd Ballou have derived as—raximate exrresszicns for teta
fissicr zroduct schividty as a functicn cf time. IP it i3 exureqced
in minutes, these equations are:
A(t) = (156000)t7*:%° 1day <t < L davs
‘o -1.03 . \
t) = {2u00)t™* L days < ¢ < 100 d=yrsz
A LI -5 - 080
(t) = (2-16x10° )72 100 days £ b < 3 y=zars
1 - £ + 1 89 3 30 R VR .t -~ A
At 130 days after burst time,Sr- and Sr°° ccntribute 107 and T.R55
respectively to fission croduct activity. The ratio Jf,_F_EL_ i 3
E L

IA
any time is then calculated from the Sr n2lf lives and the A%
formulae. This ratic has been rlctted in Fig. A-1.

)

¥ith a knowledee of the percent contributinon of each Sr isctoove %o
total activity, the disintesrsti-n rates of 8r®% and Sr¥9 at any
tlme are readily ov*ained usirg the A{t) data. The ratic cf 5979
Sr®® has been pletied from 1-100C days in this manner in Fig. A=2}

.
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ANALYTICAL PRCCEDURE FOR THI SEPAPATION ©
TOTAL, R-DICSTRONTTIIN FRCM = 228 QF 200w an

Ash the bone sample in nickel crucibls at 9C0° C
Grind in a mortar to a fine pewder.
Weigh out 5 grams into a 250 ml centrifuze bottle.

Add LL ml cf wa‘er and then alOVl“ add 154 ml of 0% nitridg
acid to bring ccorncentration te 73% HNOj.

Add 20 mg of Sr carrier (as 8-(NOa)a) in 2 ml of sclution,
Stir rapidly for thirty minutes. (Mechanically)
Centrifuge for 1C minutes at about 2000 r.p.m.
Decant, dissolve the precivitate in 23 ml of water and trang
to a 25C ml beaker, add slowly 77 ml of 90% HNC, and stir
mechanically for thirty minutes.

Filter through a fluorothene funnel on tc a glass fiber filt
Transfer the funrel to a clean filter flask and wash the 3aci

from the precipitate with anhvdrcus ethyl ether.

Place the filter vaper on a brass disc-and-ring assembly
(Tracerlab), cover with 0.001 inch pliofilm and 3 count.

Note:

fer

The fluerothene funnels are a medification cf the Trac
tainless steel funnel, designed for 3“eoar1nc precivitata

ﬂﬂuntlﬂv on fil%er vaner, The glass fiter filters are avail:

from H., Reeve Angel and Co., Inec., 52 Duane S#reet. New Yark

N, Y., as catalee nurber X-$3u-AH, Thar zre mers retentive
oaper filters and imzervious to 73% HNO;.

a2
-
2
§

A-3
UNCLASSIFIED

b= org

AV o !-“
D

R =Y




UNCLASSIFIED

One of the standard methods for separating strnntium from falcium
and many other metals is the precipitation of strontium in}strong
nmitric acid. By the addition of carrier streontium, this m¢thod has

veen adapted to the determination of radiostrentium.

Commercial concentrated nitric acid is avoroximately 70% HND,.

This

may be strengthened by the addition of the fuming acid, andyit is
found that strontium, barium and lead are relatively more ihsoluble
in the stronger acid. Other nitrates also become more inso}uble as
the HNO3 concentration is increased, so that the selection §f the
strength to be used is a compromise. Based on experiments,la 75%

HNO; was selected.

In the analyses made here, 20 mg of carrier strontium is ad
each sample before starting the vrocedure. This may be an e

d to
ces~

sive quantity, but this amount of carrier can be tolerated ik beta

counting. Also, a large excess is helpful when dealing with
ately soluble precipitates such as the strontium salts used.

The three factors in the nitrate separation of strontium fron

ashs amount of sample, concentration of acid, and volume of

were tested with a factorial experiment. All samples were sp

with the same amount of Sr°°%-Y®® and 20 mg of strontiuwm carri

A double nitrate precinitation.was made and the strontium col
as carbonate for counting. (The use of polyethylene funnels }
now eliminated the carbonate gathering step.) The results ars
shown in Table A-1 and the statistical analysis of the measurs

of activity and weight of precipitate in Tables A-2 and A-3.

UNCLASSIFIED
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Table A-=1

Nitrate Precinitation

Levels - Bone 0.3, 1.0, 1.2 grams
Acid 72%, 75%, 78% HMNOa
Volume 4O, 70, 100 M1

(gmx10*)
Sample No, _3one _Acid Volime i/ Neicht
1 1 1 1 2920 28k
2 2 2815 285
3 3 2585 252
n 2 1 3060 382
3 2 3090 333
6 3 2865 286
7 3 1 1535 27L1
8 2 2075 1007
9 3 2375 1094L
10 2 1 1 2910 288
11 2 27L5 26L
12 3 2705 255
13 2 1 3000 33
U 2 30L0o 295
15 3 3060 297
16 3 1 2455 1554
17 2 2370 820
18 3 2L85 516
19 3 1 1 2375 372
20 2 2635 269
21 3 3000 257
22 2 1 2595 1195
23 2 2810 276
2l 3 294L5 299
25 3 1 2320 R27
26 2 2835 L35
27 3 2780 399

b5 &7
UNCLASSIFIED
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Table A2

Statistical Analysis of Sr°® Recovery

Factor

Bone
Acid

Volume

Interagiigns

Bone.x Acid
Bone x Vol.

Acid x Vol.

Error

TOTAL

The major significant factor is the acid concentration.
Tnhe higher recovery was found for the 75% HNO,, where an
average of 99.1% was obtained, with little effect from
The worst separation, and thus
the apparently poorest recovery, was with the low volume
This value of 70% is caused by self-absorp-
tion in the sample.

the volume of acid used.

of 78% HNO,.

2

26

D{F Sum of Squares

139213
1737535
101080

s8L332
158703
211598

372602
3311063

S SC
UNCLASSIFIED

Variance F Ratio

69606.5  1.L9

868767.5 18.65

52040

146083
39675.8
536L49.5

L6575.2

1.12

3.1
0.85
1.15

et

(99%)
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Table Aw
Statistical Analysis of Precipvitate Weights

Factor D/F  Sum of Souares  Yariance _F Ratio
Bone Weight 2 358262 179131 1.71
Acid Conc. 2 2993928 149796l .3 +++(99%)
Volume of Acid 2 1291919 6L59 59 6.17  ++(50%)

Interactions

Bone Vs. Acid N 1502500 375625 3.59
Bone Vs. Volume L 8LuB57 2121L.2  0.202
Acid Vs. Volume N 9LogL3 235235.8 2.25
Error 8 538177 104772.1

TOTAL 26 8012586

hgain, the major significant factor is the acid concentration.
Overall recovery of the carrier strontium for the three levels
is low for the 72% HNO,. The acid volume is also significant
for precipitate weight, and the combination of 78% HNO, at small
volume gives very high-precipitate weight. This is in agreement
with the 5r®° recovery results which showed low activity because
of self-absorption.

&= 5/
UNCLASSIFIED
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When separating trace quantities from an interfering bulk electro—
lyte, the ovredominant problem usually involves the effect of co=-

precinitation of the bulk electrolyte or its incompleteness of sepa
ration. Likewise in radio-assay worlk, the weight of the bulk electloe
brought down with the carrier added as part of the procedure can legd
to low recoveries, mainly by self-absorption of the emitted particlgs
by the sample during counting.

Figure A-~3 shows the effect of increasing amounts of strontium carrier
upon the activity. Non-strontium impurities would 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(NO3), in 75% HNO, so as to insure completeness of
removal. This was found to be equivalent to 23.5 grams of Ca0 per
liter of the 75% acid:. Concentrations above 75% HNO; markedly re-
duce the calcium solubility, while comcentrations below may cause

too great a solubility loss of strontium, as shown in the factorial
reported.

An experiment was performed to determine the effect of calcium on
the recovery of sr®°. Solubility measurements indicated that 200 ml
of 75% HNO; would cause a loss of 2.6 mg of Sr or a 13% loss when
using 20 mg Sr carrier. Table A=L indicates that the presence of
calcium does have a salting effect and that the Sr recovery will be
improved by operating close to calcium saturation. If no calcium
is present, then a minimum of HNO; should be used.

-

% Saturation e/ % Recovery
1. 100 (4.7 g Ca0) 1880 91.3
2 7¢ 1895 91.9
3. 50 1855 90.0
L. 25 1815 83.0
Se ¢ 1760 85.3

The chemical separation involved in the isolation of 5rf® or YO
from varicus samples may be subject to interference from cther
fission products. Table A=5 lists elements wnich combine possitle
chemical interference with long nhelf-life. Their charazieristics,
along with the per~entage of total fission prodnct activity which
they represent at various times after detonation, are given in the
table alecng with the corresponding properties for the str-ntium anc
ytirium fission products.

et 5 A
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In the time available, & complete study of all possible interferendes

in all sample types was not 30551b1e. The two major interferences
for old samples are the Ce?* 44 pair and Pm**'., These, and Cs

were tested by adding known amounts of the isotope to inactive bonq.

samples containing strontium carr erand d=term1n.ng the activity i
the final product wiich should represent the Sr®°

The results of the analyses zre shown in Table A-5.

w= 57
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5 ot

Half-life g Energy 250 days - hOOAdals 8 yrs.
Co®° 35d 15 mev. 2l 13 -
Cel*4 290d .30 16 28 -
‘{?rl?' .18m 3.0 16 28 -
2r°8 65d 0.k 13 6 -
P*? Ly 0.22 3 6 19
RyA0® 1.0y 0.0L 1-1/2 3 -
Rn30€ s 3.55 1-1/2 3 -
j{ésis’ 37y 0.5 1 1-1/2 17
Bat37 2.6m none 1 1-1/2 17

Sm*52 120d 0.07 - - 2-1/2
5ro? 53d 1.5 6-1/2 3 -
5r°° 25y 0.55 1 2 20
80 61h 2.2 1 2 20

yo! 57d 1.55 9 2-1/2 -

A10 55
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Isotope
Zr®5_Np¥5
Rut€ _Rp208
Cel*4 _ppisé
P37
yo1
Total
Table A-7
Sample ¢/z Found
A 6L0
B 320
c 130
D 210

c/m Added

$ ,020
10,000
8,000
12,000

9 ,000
48,000 c¢/m

1.2
0.6
0.3

O

These interferences would be negligible in the analyses performed,
particularly as B absorption measurements on the strontium frac-
tions showed that the impurity was & mixture of the isotopes zdded.

A-15 :{
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Table A

Sample Amount Amount

Weight Isotope Added dn ppt Z
(5 gm. Cs:3? 65,000 d/m none 0
(5 gm. cs*37 65,000 &/m none 0
(5 gm. Ce***s Pri** 140,000 d/m none 0
(5 gm. Ced**+ Pri** 100,000 d/m none 0
(5 gm. Pmd*7? 96,000 d/m none 0
(S gm. Pm**7 96,000 d/m none C

The final conclusion is that these isotopes do not inter-
fere in the method of Aanalysis used for bone samples.

=i 45/
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1.

T

8.

9.

10.

11.

ANALYTICAL FROCEDURE FOR THE SEPARATION OF TOTAL
JLDIOSTRONTIUM FROV. A 100 CRAM SiWPLE OF SOIL

Dry the entire sample in an oven at 112°C.

Sample, using standard sampling procedure (quartering process)
until aporoximately 125 grams of soil is obtained as a repre=-
sentative sample.

Ignite in a nickel crucible at $00°C.
Weigh out 100 grams of the igrited material.
Add L0O grams of Na,CO; and mix thoroughly.

Fuse in a muffle at 900°C (minimum temperature) for LS5 minutes,
(minimum time) until the melt is clear and homogenecus.

Cocl by immersing in a beaker of celd water, withdrawing quickly
at first. Continue immersing and withdrawing until the crucible
is cool enough to nlace on a transite board. The Nap;CO3 should
not be wet at any time.

When the crucible is cool, turn it unside down, tap the bottom
with a2 pestle and allow the so0lid fused material to fall inte
8 mortar.

Break up the fused materizl in a hand grinder, transfer to an
automatic grinder end grind to a fine powder.

Transfer the ground fused material to a 3-liter beaker contain-
ing 570 ml of hot distilled water, stirring constantly until
the particles are dispersed,

Add slowly with continued stirring, 1000 ml of 607 HZi0s:- This
is sufficient to neutralize the fused material «nd allow for an
excess of acid.

Evapcrate with mechanical stirring until dense yhiie HC1C; fumes
are detected. The silica is now dehydrated.

Dilute to 2.5 liters with distilled water and 2llow <o zetile.
Filter the silica on No. T Whatman paner with sucticn. Wash
with 250=5C0 ml of heot 5% EC1l, then with 280 ml of d&stilled
water. Transfer the filtrate and washings tc the coriginzi
beaker. Wash the silica vith 1% HpS04, 2nd discard ilic washirnze.

3 e
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15.

16.
17.

18.

20.

21.

22.

26.

27.

UNCLASSIFIED

Remove the silica from the filter paper and dry in a 110°¢
over overnight. Break up the aggregated material with a
mortar and pestle, then transfer to a 250 mi platinum dish.

Moisten the silica with 10% H.S0,, then add about 100 ml of HF.

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

Neutralize the filtrate with NaOH pellets until the pH is L-i,S.
At this point add slowly, with stirring, 50 grams of NapCO; and
allow the precipitate to settle. Filter through No, 5 Whatman
paper with suction and discard the filtrate.

¥When the precipitate is dry, remove from the filter paper and
transfer to the original beaker. Dissolve in 200 ml of concer-
trated HC1l and evaporate slowly to dryness. Do not bake.

Now add L60 ml of distilled water and stir mechamically until
the residue is completely dispersed.

Add slowly, 1540 ml of 9C% HNO_. with continuous mechamical stire
ring and allow to remain stirring for 1/2 hour.

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

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

Carry out another 75% HNO, separation using a volume of 200 ml.

At this point the bulk of the calcium should be removed leaving
strontium nitrate and insoluble material. Add 10" ml ol hot
distilled water to the precipitate, centrifuge and decart ints
a 250 ml beaker.

Wash again with 50 ml of hot distilled water adding the super-
natant liquid to the beaker aftver centrifugation. The residue
can now be discarded.

Evaporate the filtrate slowly to dryness.

23 57
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28. Now carry out a final 75% HNO; sevaraticn in the 250 ml
beaker. (100 ml volume)

29. Filter through a fluorothene funnel cn a glass fibre filter.
Transfer the funnel to 2 clean filter flask and wash out the
acid with anhydrous ethyl ether.

30. Place the filter on a brass disc and ring assembly (Tracerlab),
cover with 0.001 inch pliefilx and B count.

Recovery values are of the order of 75% for the procedure as shown.
This method was selected initially to be certain of obtaining the
strontium regardless of its state. However, tests of leaching
methods showed good recoveries; and they are to be preferred for
handling large samples of soil. The following data gives a compar-
ison of results by different methods.

Method (d/m/g)

Sample No. Source _1 2 3
112 Albany, E.Y. 0.1420.08 0.11%0.007 0.0920.006
11 Logan, Utah ' 0,1620.05 0.01220.002 -

98 Lamont Labs. .0820.04 .0820.0L -
y_e;hggs

1. Complete solution as described.

2. Leaching 10 minutes with 6 N HCl.

3. Leaching 10 minutes with 1 N Ammonium Acetate.
The properties and abundance of the long-lived fission products were
given in the section on bene analysis. The effect of addition of the

following mixture of possible interferences in the znalysis of 100
gram soil oamples is given in Table A=7.

=1 (O
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Tohle A8
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1 O mr 0 mg -
2 10 Teo 75
3 20 20 100
I ks 25 Ry
c 78 L7 54
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ANALYTICAL PROCEDURE FOR THE SEPARATION OF TOTAL RADIO=-
STRCNTIWN FROM SAMPLES OF VEGETATION AND FOODS

Ash the sample in a nickel crucible at $00°C.

Estimate the amount of ash, add four times this weight of
NaQCOS and fuseo

Di ssolve, remove silica, and collect the strontium by
carbomate precipitation as for soil.

Run a double nitrate precipitation as for bone using acid

volumes of 200 ml for the first precipitation and 50 ml for
the second.

=16 (A
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ANALYTICAL PROCEDURE FOR DETERMINATION CF
NORMAL STRONTITM IN BONE

1. Ash the bone sample in a nickel crucible at $00°C.
2. Grind in a mortar to a fine powder.
3. Weigh out S grams into a 250 ml centrifuge bottle.

L., Add Ll ml of water and then slowly add 154 ml of P0%
nitric acid to bring concentration to 75% HNO,.

5. Add 20 mg of Ba** carrier (as BaCl,) 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 L thru 7 at 1/2 +he original volume.

9. Decant as much c¢f the liquid as possible and transfer to a
100 ml 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 1 iterature as 4o the strortium content
of the normal human being. In part this is due to the variability
of available strontium in different sections of the couniry or the
world, and in part the disagreement is dve 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 compiete
program of sampling and analysis of bones from several individuals
in several localities to be made.

The data of Hpdges, et al (UCLA-LT) showed a range of 0.015 to 0.0LO%
of strontium in humar bone. Preliminary tests here showed the percen-
tage to be in this range, which eliminated gravimetric procedures.
Therefore, flame photometry was selected as the analytical methoc.

7 3
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ANALYTICAL PROCEDURES FOR DETERMINATION OF SR®C BY
SEPARATION AND COUNTING OF Y¥°

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

for Y°° separation.
2. Count the sample and record data.

3. Remove the sample from the brass holder. Wash the holder
with about 25 ml of water. Allow washings to fall into
beaker with the bulk of the paper.

4. Bring to a boil and filter thru No. L1 paper into a 50 ml
platinum dish. Wash the beaker and paper with avoroximate-
1y 15 ml more of water.

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

6. Pick up the residue with apnroximately 5 drops of HCl. Trans-
fer to a beaker with water. Bring volume to about %0 ml. Adgd
10 mg of lanthanum carrier. (This carrier must have negligible
B 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 counting time.

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

The procedure was tes.ed by measuring the recovery of Y?? added to
solutions contaiming 20 mg of Sr as the mitrate. The recoveries
found with either paper or glass fiber filters were 9L-39%.

e (&7
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ANALYTICAL PROCEDURE FOR SEPARATION AND DETERMINATION
OF RADITM IN BON®

Dissolve 5 grams of bone ash in 10 ml of HCl, heating gently.
Agd distilled Hz0 until the volume is 100 ml.

Adjust pH to 8 with NH,OH, centrifuge and decant. This pre-
cipitates the phosphates and hyvdroxides, coprecipitating the
radium.

Pick residue up with HC1l and HpO, f011011ng the procedure in
Step 1.

Adjust pH to 3.5, add 10 mg of SO; as (NH«)2504, and 3 mg of
Ba**. BaSO4 and some CaSO, will pre01pitate at this point.
Centrifuge and decant, saving only the precipitate.

Agd HCl1 dropwise, until the bulk of the CaSQ; goes into
solution,

Dilute to 100 ml with H,0 and adjust the pH tc 3.5. Allow
the BaS0; to settle and digest overnight.

Filter through No. 42 Whatman Filter paper and ignite paper
at 700°C in a platinum crucible in muffle.

Add 3 ml of concentrated H,S0, to the platirum crucible and
25 ml of HF. Allow to evaporate slowly on a sand bath until
S0; fumes are given off.

Reprecipitate BaSO, 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.

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

By means of a transfer pipet and ethyl alcohol, transfer the
precipitate quantitatively to a nickel disc.

Lllow 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 from the
measured disintegration rate at any time and a factor for the
fraction of equilibrium value existing at that time.

A-19 é-.j/
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ANALYTICAL PROCEDURE FOR THE SEPARATION AND DETERMINATION
OF RADITM IN 100 GRAMS OF SOIL

Except for the addition of 20 mg of Sr** carrier, Steps 1 thru
18 of the 5r®%,%® procedure are carried cut exactly the same
way. .

When the carbonate precipitate is dry, remove from the filter
paper and transfer to a pyrex glass tray.

Place in a 100°C oven and dry overnight.

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

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

Finally place the dried precipitate in a copper radon collect~
ing tube. Plug up both ends with pyrex wool, flush out the
tube with hydrogen and then sezl. Record the time.

For full equilibrium, allow a 30 day buildup, but shorter
buildup times are useable. Measure the radon in an ionization
chamber radon counting apparatus.

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

g Ra per g Soil

Samgle Added Found ! rence
S0il No. 11k 0 5.2 x 10732 —

Spiked soil No. 11L L.0 x 107** g, x 20°** 4.4 x 10733

220 ¢ C
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AYALYTICAL DEVELOPMENT IV PROGRESS

The Instruments Brarch of the Health and Safety Laborateory has been
developing a scintillation anti-ccincicdence counter for low level
beta measurements. This is designed around 2 solution phosphor con-
taiming the active material in a volume of 5 40 10 ml. The problem
has been worked on by three groups; the Analytical Branch developing
the method of obtaiming the active material in solution, Professor
Kallmann of NYU werking on the development of the optimum phosphor,
and the Instruments Branch working on the development of instru-
mentation.

The chemical operations were largely devoted to the separation of
Y°° from the radiostrontium plus strcntium carrier obtained ir our
normal chemical procedures. It was desirable to extract the y9¢
into an organic solvent that would also be a suitable solvent for
the fluors; such as terphenyl and the substituted anthracene.
Initial experiments showed that certain complexing agents which
gave organic soluble compounds with Y also acted as quenchers for
the phosphor. This was true of TTA (thenoyl trifluoroacetone).
Other reagents such as oxine gave poor extraction coefficients.

Tributyl phosphate (TBP) has been used in the extraction of rare
earths from very strong nitric acid solution. The resulting organic
layers, however, were found to show very great quenching. This is
due to the presence of nitric acid vwhich also extracts into TBP.

It was not posesible to wash out the HNO,, as the ¥ activity was also
removed in the process.

Extracting Y from saturated ammonium nitrate solutions with TBF
gave an organic layer which could be prepared as a good liquid
phosvhor. The pulse heights obtained are equivalent to phosvhors
prepared directly from TBP. Both 75% and 50% saturated ammomium
nitrate solutions also gave good extraction results, allowing
easier manipulation than if completely saturated.

This technique should allow the ready measurement of veryv low levels
of Y°° ag carrier-free isotope, since the backzround of such & scine
tillation counter could be maintained at a2 lowlevel. This prosed-
ure ma2y also be used for determination of Ce** which is nne of +the
known non-fractionating fisszion products present in aged falloub
debris. The second development is the use of a2 comparative loga=i-
thmic absorption plot for isotore identification. In this methec,
the logarithm of the relative activity of the unknown with various
aluninum absorbers is plotted against the logarithm of the relative
activity of a knowm isotope such as P32 The slope of the resulting
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CUTGL T liIe L2 & L NTIET e e wowr 2nd 0 a DT ymimown
isotone and the intercept of the line with the zwro 2boerber axis
represents the relative amount of that isotope present in a

mixture.

The advantaze of this method lies in ite apnlicability to low
counting levels. This ic possible because the line slope can be
determined from light absorbers rather than the heavy absorbers
required for Feather analyses. The method is in tentative use
for isotope characterization for mixtures of isotopes and should
be applicable to determination of Sr®°/°° ratios.
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APPENDIX B

ESTIMATE OF COLLECTION EFFICIENCY OF FILTERS USED IN | AIRCRAFT

Filter papers were placed in series during two flights. If we assume t
filters do not significantly 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
A, and A, = Activity collected by first and second
filters respectively
Then

Ay = RC

A2 = (1-R)RC

R o=1-22

A

The following data were obtained:
November 30, 1953

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

Rwl 60
780

= .92

December 15, 1953

First filter in series 2070 d/min
Second filter in series L0 d/min

R=1-10
2070

= .95
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APPENDIX C
Tabulation of Analytical Results

Three tabulations of analytical dats are collected in this
appendix. The first is the summary of results from the five
selected sites; the second is a series of samples cbtained from
UCLA; and the third is a collection of miscellaneocus analyses run
during the period. While the results of the last two groups were
not used in drawing the conclusicns reached in this report, the
values obtained are reported here for completeness.

The first group of samples from the five selectecd sites include
analyses of scil; animal bone and vegetation for total radie-
strontium, Sr®?, natural strontium; radium and exchangeable
calcium. These results were usesd in evaluating strontium and
radium wtake.,

One grouo of samples was furnished by Dr. Kermit Larsen of WCLA.
These materials from the Test Site and Almagordc showed orly
feir correlation of bone/soil and piant/scil ratios. The Jangle
soil has previously been shown ty Dr. Larzen t¢ have low avail-
ability of strontium, tut the other four test site samples shoul”
be equivalent. Their bone/scil ratiocs of 2.0 1.6, 58, and 3..
could not be fitted into the data from other sites, as available
c2lcium analyses are not available.

The miscellaneous samples included many samples of amimal and
human bone but comparable soil cr food figurez were not available
for strontium uptake studies,




ALBAKRY
Total 90
Radiostrontium Sr Natural Sr Ra 1
Tvpe Sample a/m/r a/m/¢ nr/g a/m/r, Ca &
SOIL
0-1" C.158¢ ™ Q0,18 €08 1.2 Q.23
oz @ -
g=-12"
AXIMAL BONES
Calf
Rib 33,65 1,3
Spine 35,44 1.6
Leg 33.92 0.8 2,14 0.1 12
Hoof 35-6"’ 0.8 . 3°7
Woodchuek
Rib 1.5% 0,2 JUEL
Spine 3.5{: 002 008 0034
Ieg 2.6+ 0,2 .09 108
10GAR
Total
Rediostrontim sr90 Natural Sr Ra i
Type Sample a/m/F; d/m/g me/F, a/m/E 8 -
SOIL
0=-1" .08 0.2 «084 02 1.0 o
1"'6“ 0065‘1’ 0002 0.9
0-1" .382 0,05  ,18& ,02 0.9
VEGETATION
Grase 184 0.B
ANITMAL BONES
Lamb
. Jaw 4064 0.5 4,4
Lleg 501 Cod 0.5+ 041 o 6
Rib 5.3% 0,5 202




TIFTON

Total
Radiostrontium sr90 Natural Sr Ra L1
Type Sample d/m/g a/m/g ne/¢ d/m/g Pa -+
SOIL (Measured)
0=1" 0,02¢ ,02 0.8 f.25
1-6" 0¢ .03
VEGETATION |
Renge Shrub 6.,0¢ 0.6
Cow Peas 2,3% 0.5
Native Crasses 18,7¢ 1.2
ANDMAL BONES
Calf
Spine
Ribs 14,54 0,9 8.6% 0.6
Jaw 19,54 1,0 133 1.0
leg 20,9% 1.0 9.64 0,1
Hoof
ITRACA
Total
Radiostrontium sr90 Natural Sr Ra 1
Type Semple a/m/¢ d/m/g mg/g d/m/g ey
SOIL
0-1" 0,034 0,02 1.6 4.1
1"6" 1.8
6-12" 0.,004# 0,03 1.7
VEGETATION
Pasture Grass 15,02 Q.4
" 39.4% C.€
° 34.5% 0.7 2.8% 0,7
ANDMAL BONES
Lamb
Leg 6.0+ 0.1 C.8¢ .05 0,18 » 048
Ridb Ge5% 0ol C.18 .075
Spine 6,15 0,1 0.16 . 035
Teeth 1.4 0.1
Jaw 5.7~ 0.1 0.20 .035




RUTGERS

Total
Radiostrontium  Sr9° Netural Sr Ra 1

Type Semple d/m/e d/n/e me/g d/m/g fa =3
SOIL

0-1" 0.04¢ .02 1.4 .23

1=6" 0.03% .02 0.4

6"12“ 1.1
ANTMAL BONES

I1emb

Spine 8,05 0,1 0.12 W11

Ribs 2,42 0,065 1,08 0.7 0,12 .073

Teeth 3.4 0.4 0.10 046

Jaw Te2% 04l 0.11 012

Hoof B.45 0.2 0,776 405 0,10 .20

Leg 7.6 0,05 0.12 L0468




UC LA SA&PLES

Date Strontium Sr
Sample Source Sampled d/m/g d/m/g

78 Soil Chupaders Mesa  7/53 1.8 0.2
79 Vegetation " " 1.5 0.3
80 Rodent bones " " 2.2 0.7
81 Soil Jangle Soil 11/51 9.6 0.1
82 Greenhouse plants " " 8/52 3.8 0.7
83 Lab. rats "mom 3/52 0.3 0.6
B4 Soil Test Site 10/52 5.4 0.2

(TS & BJ
85 Vegetation won 113.0 2.4
B6 Rabbit bones "o 11.0 1.0
87 Soil Test Site 10/52 4.4 0.4

(T8)

88 Vegetation non --
89 Rabbit bones " 11,9 1.0 9.5 2.1
90 Soil Test Site 6/53 0.2 0.04

(UK T8 BJ -
91 Vegetation non 1.8 0,3
§2 Rabbit bones " 1.0 1.0 4.0 2.
93 Soil Test Site 6/53 98,0 0.3

(Upshot)
94 Vegetation ~on 24.0 0.3
95 Rabbit bones * " 327.0 8.5 48.0 12}




|
faduioce- 90 l\lc_ rmal
Strogtium Sr I Es
Sempls Seurze dAv/z d fn /e mel/g d/m/z
1 Calf; Rib Test Site 2.2 0.2 Oosef' 0.073
2 Spine " 1.820.2 - 0.08%
3 Lag " 2.2t0.2 0.5 0.004
4 Hoof " 2.620.2 0.7 0,000
12 Calf, Scapula Cedar City 4.420.3 - -
12 Ews #1, Leg " 1.0%0.2 0.4 0.41
13 #2, Leg n 3.220.05 0.34 1.0%
14 #3, Leg " 5.3%0,3 - 0.008
18 1, Leg " 2.3%0,3 - 1.7
19 #5, Hoof & leg " 11.320.4 0.48 3.9
15 #6, Leg " 1.5%0,3 0.35 2.0
16 Lamb #1, Leg " 0.4% 0.2 - -
17 #2, Leg " 9.3% 0.1 - 0.54
102 Calf Clark County 53,0%0.8 0,98%t0.1 0.26 11.0
Nevada
101 Human, Newborn Utah 1.2%¢2.1 - -
135 80 yr. male ® 0.81.0 - -
136 46 yr. male " 0.0t .04 - =
137 unknown " 1.42 0.6 # - -
138 79 yr. male " 4.2t 0.4 - -
139 75 yr. male " 1.1%0.8 - -
74 children ‘s teeth NX 0.020.12 0.10 0.029
170 Human, Lab skeleton 0,082£0,02 - -
femur
~TCe




Radio~ 30 Normal
strontium Sr Sr Ra
Sample Source d/m/g d/m/g d/m /g /n/g
5 Whole milk St. George, 1.3%0.2 - - 085
Utah
96 Powdered milk Starlac, 1953 0.5% 0.04 0.2%¥0.1 0.085 <115
97 " " Alba, 1953 0.88%0.08 0.5%20.1 - -
153 n " Bordens, 1950 0.34* 0,12 - - -
113 Buman milk Syracuse 5.6% 4.8 - - -
152 Urine Newark,(milk 0.0%3.9/1 - - -
donor)
157 Urine KYC 0.020.8/1 - - -
155 Blood NYC 0.75%0.2/qt. ~ - -
165 Cheese Rumania 0.04 £0.01 < - -
166 " Yugos iavia 0.04+0,01 . - -
167 Tap water FYC 0.88%0,02/1 - - -
168 " n NYC 0,932 0.0¢/1 - - =
169 Distilled water XYC 0.06%0.04/1 - -
171 Soil & Clam shells ILong Island 0.01610.001 - - -

76
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APPENDIX D

NOTES ON ELECTROSTATIC PRECIPITATOR

By H. J. wiuiovanal

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

(a) A smell particle subjected to a force is accelerated through the fredia
in the surrounding space, the resulting metion through the particjles of
the media results in a resistive force to the motion given by Stokes as

R = kdv (1)
For spheres k = 3 77. When the velocity through the medie is such
that the resistive force is equal to the accelerating force, the

acceleration will be zero resulting in a constant velocity termed
the terminal velocity.

(b) For a spherical particle in a gravitational field
) - 1
F = mg m::-3‘-77’b‘3‘0 H] -él/d3p

The terminal velocity will result when

F = Ror %'TFd3 Pe = 34 v g

1 g
orv =18 AL (2)
(¢) If the particle acquires an electrical charge and is in an elec-
iricel field the force on the particle will be
F = QEF
The terminal velocity will then be

QE

—_— (3)
377 d /4~

-4
1

P
[N
~

For particles of a size approaching the mean free path of sir
mclecules; a correction due to Cunmingham is required to account
for the additional wvelocity caused by the particle accelerating
between impacts. This is given by

- AN .
¥ = Vstoves 1+ K < L
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For particlee subjected Lo elecirostatic and gravitaiional forces,
the velocity is the vector sum of the velocities given bv (2) and
3} corrected by equation (L),

Laws Governing the Charging of Particles

Particles may acquire charges by passing “hrough a region containing lons
of a given sign either by &iffusion or fileld charging. In the former,
the m=chanism is one of impingement of the particles with the ions due
to the kinetic energy of the gas, whereas in the latter the impingement
is assisted by the energy imparted by the electrostatic field.

(a) For diffusion charging, the equation given by White

d KT  rdCNo €2t
q=('§ 55) tn Q"' 2 KT (5)

gl ves the number of electronic charges which will be acquired by
& particle of diameter d.

(b) For field charging, Pauthenier has given the following equation
as modified by Dallavale fer & cylindrical electrostatic pre-

cipitatoer.
ko = 1 a?B| |7y 1“
- |14 2 R AZ I | BT
I+ 2 \kp41 Le E -
-

Although others have assumed that the particle will acquire the
sum of the charges given by both methods, it is felt that, con-
gidering the mechanisms involved, the particle charge will be
given by the pgreater of the two effects. In any case;, this
gives a more conservative resull.

(¢) Electrical considerations of the charger.

Pauthenier has shown that the potential distribution in a cylindpr
with central co-axial wire changes from logarithmic to a linear
function az the corona cuwrrent increases from zero, except for aﬁ
emll region around the wire. Under these conditione the field

intensity will be given by

2%
E = X

2
-

-
- =
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Fipure lu rives the electrical characteristics of the charger at
varicus altitudes. The charger cdimensions are B" long by 2.875"
diameter, having a wire of ,012" diameter. Neglecting end effect

o]
i = 170x 206 x 3 x 107 - .4 100,000 feet
8 x 2.5L

giving & value of 2.62 x 10! statamps/em. The mobility at
160 (213
600 x 8.1 273 or

2 (2.62 x 101k)

100,000 feet

E <= 60 = lgl ESU.
600 x 223 190
273 8

The actual observed voltage dlvided by the radial distance from wire
to cylinder gives a figure apreeing within 20% of the calculated
figure which for our purposes is sufficiently good.

For equation (5), the ion density in the charging device is requﬂﬁed.
Thie can be calculated by assuming a linear potential distributiq
as given bv Pauthenier for this case.

If %i = E is constant then the velocity of the ions is constamnt

anc given by
Vi = kg (16_0) 2l3 E = S.Bxlol1 em/sec
P/ \2m3
ithe tire to traversea distance dr from the wire towards the
cvlinder is then
dr
= “

ey
m

durine this time 2z charre Q@ = it has filled a 1 cm length of fh
evlinder c¢r in radial thickness., The value of the charge deng

P
4
1

Q i14ar 1
will then be =7 g7 *vor dr- 2mr v at a radius r.

hssuring particles entering at 1/2 cm radius, then the ion
density No at this radiue ig

lio = . ;
e () (e

—7%-
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Substituting values

170 x 10~6 x 3 x 109

i = ) = 2.6 x 10k
ky = 600
p = 8.1
T = 213
r = Secm
e = L.8x10-10
E = 1.32
No at .5 cm radius = 2.9 x 108 ions/cc

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

kg-
qQ = |1¢2 k2+1 x (a)

—-di: (b)
L

- ]

LZIE‘i’.:l 14 W:i (c )

.

Term (a) depends solely on the dielectric constant of the dusﬁ
which we shall assume to be approximately 3. Hence

3-1
142 = 2,
(3+1)

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

primarily on the time of the particle in the field of given c

Term (c) determines the % of maximum number of charges and derends
rent and field intensity.

The time in seconds to traverse the charger is

lenpgth of charger _ 8 x 2.5k

= = = L,018 sec
air velocity 1130

-82-
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Term ¢ ie then = // 3

LY
Pt

e . . . L !
Tr(.218) 2.62 x 10 |y o 7 (LO18) > 2,62 x 1C™ | - 1120(1123: F
1.3 1.32

Hence ¢ may be considered unity and

" £
am? x 107% x 1.32
oz == = 13.8 du?
2 % L.8 » 10-10

{e} Calculetions of No of charges per particle (d&iffusion)

: KT 4 C No €2 ¢
Q}; 1a 1+7r 2
ce’ o KT

1.38 ¥ 10716 x 213
2 (L8 x 10-10)2

L3

2
22 ) ( _1(3
144 7Tx<5x§g'5x19hxh.8110 x 018 Ng
2 x 1.38 x 10716 x 213

d s (6.1) 1n‘[1 b dp (8,15 x 2077 No)] No at 1/2 em = 2.5 § 108

6.L dae 1n %.{ 236 d¢u]

Tabulation of caleculated cherges:

Y g {fielc) ¢ {diff)

.G - L0778
.03 - 0
e - 1.0L
.1 - 2.05
.3 1.24 g.2
£ c.0 1¢.C
1.0 13.8 36.16
3.0 12k 191.0
£ 500 279.0
1C 1380
-3
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(f) Deterrination of radial velocity

From 3 and L
E
v, = Q 14 .86 'A‘) since Q = ge

N\l 4 ag (988 (760) (213
3T A360 2"3)10-7

v, EEE}I (.212) (1 + g_ﬁ) for 100,000 feet.

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

Area of collector section =

157’_ (3.8752- 1.252)= 10,6 sq." = .0735 sq. ft.

Voxial = % = 1360 ft/min = 690 cm/sec

Radialdistance particle must travel = 3.3 em

S w 303 (690) = distance along axis

Vr

da v cm/sec S
.06 L85 L.7
.1 3L5 6.8
o2 158 1L.L
£ 96 23.6

1.0 7C.5 32

3.0 53.5 L3
6,0 L7.0 L8.5
1C.C €2.0 36.5

ﬁ
[
pYa

7]

Since the collectnr is approximatelv 70 cm long, all varticles

in the above range of ciameters are itheoretically pracipitz

a)

.._“l—
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III. Discussion

The above is & sample calculation under specific assumed conditions.
It is seen that the smeller particles charge primarily by diffusion.
The assumption of 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
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tzman constant = 1.3f x 10°%° erg/° Kelvin
Constant of proportionality (general)
Cunningham constant (approximately .B86)
Dielectric constant of particle
Ion motdlity (for air at STP 600 em/sec/ESU/cm)
Force in dynes
Resistive force in dynes
Radius of cylinder
Diameter of particle (em)
Diameter of particle in microna
Velocity cm/sec
Ion velocity
Viscosity of medium (for air at STP = 171 x 10-6 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 volts/cm)

Mean free path of air molecules (for Np STP = .9L x 10‘5 cm)
Absolute temperature

Charge on electron = L.8 x 10-10 stat coulombs

RS molecular velocity = L9.8 x 103 em/sec at 15°C

~-86-
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Ton concentration (number ver zo)
Time in charger

Corora current per om langth of wire
Cvlinder diameter

Volume of air per unit time

Avial distance from end of wirw

-87-
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APPENDIX E

FEASIBILITY OF ESTIMATING BODY STRONTIUM BURDEN
BY ANALYSIS OF MILK AND URINE

By Foy 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 monitori
this hazard in large populations. Radioactive strontium is capable

producing bone tumors in animals., Its toxicity for man is dependenzli

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 of actiw
bone growth. Strontium wuld reach the bone only, except in unusua
cases, by intestinal absorption. Consequently, the main source of
danger would exist in polluted food and water., The strontium is

g
b

concentrated in plants which are in turn consumed by dairy animals and

secreted in milk. M.lk 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

would come from foods with high calcium contents. The minimum dailﬁ

requirement of calcium in adults is 0.5 grams and probably double t}
for growing children. Each quart of milk contains 1.2 grams of
calcium and consequently milk or its products can supply most of thg
calcium needs. However, a number of vegetables contain sufficient

strontium to account for a significant percentage of the daily
requirements,

The most direct method of determining the potential hazard from radj
active strontium is to measure the amounts in enough human bone of

various ages to glve a reasonable estimate of bone burden for the L
er

population. This, of course, has its practical difficulties. Anot
approach would be to obtain a cross section of the milk and milk
product contamination but the relationship between rates of radio-

oM

i s

[e X

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
in a pooled sample, especially urine, and would provide a convenien}
monitor if the relationship between radiocactive strontium excretion
and body burden could be established, The purpose of this report if
to assess the data available in the literature in order to determinL
whether and under what conditions this relatlonship exists,

-88-
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Distribution ol Suirontiur in the Body

Strontium ic deposited in the bones except for insignificant amounts
in other tissues, Its metabolism is qualitatively similar to calcium
but it is not a dietary substitute since calcium-starved animals
develop rickets when fed stroniium., Strontium is incorporated into
the trabecular bone near the epiphyses and as time goes on, presumab
is incorporated in the more inert portions of bone. A great 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 L - 10%.
Strontium excretion has not been studied carefully for more than 20
days and in this time, the relationship between the logarithm of the
percentage of the initial dose found in the daily urine and fecal
excreter bears a linear relationshin *+~ the logarithm of time., How-
ever, in a few studies with Calciumhs, this relationship does not
hold beyond 10 to 20 days, but rather there are L or 5 exponential
functions relating the daily excretion of calcium to time, This
indicates a mumber of compartments with different exchange rates.
When calrium ie abenarbed from the intestine, musculature 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 from 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 fragmentary data on
the exchange rates for these compartments.

Remarkably little work has been done on the chronic oral administra-
tion of radioactive strontium or calcium., However, one study with
rats noted that an equilibrium excretion rate of strontium in urine
was obtained about two days after the onsel of feeding, The urinary
excretion rate was about 3% 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 Calciuml5 resulted in a stable specific activit
of piasma in about LO days at a level of 2,7 x 10-4 microcuries
cal>/mg. Ca. In this study, 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 ingestec food under
equilibrium 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 radiocactive
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 milk would provide a useful monitorin

-89-
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tool except that it would be necessary ic relzte the level and dugation
of exposure to bone burden on the basis of experimental data. In
humans there is approximately 34 milligrams % of calcium in milk, fand
15 milligrams % in urine, Urine is much more readily available ir
large quantities 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 ins
gested food and consequently, the results would be more difficult fto
interpret, On the other hand, if the ingestion is intermittent, aiod

analyses would be difficult to interpret. In any event, before tifis
method could be used, a considerable amount of information would Have
to be obtained from feeding experiments in humans, but these are
entirely feasible,
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APPENDIX F

RATE OF DEPLETION OF STRONTIUM IN SOIL

by
A. E. Brandt

The following celculations utilize our data on Sr89-90 in soil
and bone. Although the calculations are based on the two iso
the depletion rates are unaffected as the decay of the isotop
not been considered.

Case I - Cows Live on Fasture

TOTAL RADIOSTRONTIUM IN SKELETON OF 1200 LB. DAIRY COW IN

milk
es |
has

Radiostrontium in Bone

Grams of Ca. in d¢/m/gr. Ca.
in Bones of From 23

A‘VG. (1200 lbe) .

Dairy Cow 7 11
From
BO00 56000 88000

To

12000 8L000 132000

TOTAL RADIOSTHONTIUM PER YEAR IN MILK OF AVERAGE DAIRY COJ

(6000 lbs. of Milk) in d/m

f

Grams of Ca. Radiostrontium in Bone

Per Year in in d/m/gr. Ca.

Milk of Ave, From To

Dairy Cow 3.9 Tl
3500 13650 22400

If we assume the average dairy cow of 1200 pounds will averag& 6000

pounds of milk per year for 10 years, after two years growing
can arrive at a first estimate of her annual removal of stronm
from the soil as follows: she will remove the radiostrontium
skeleten which, according to figures now available; should 1li
tween 56000 and 132000 d/m. She will remove the radiostronti
her milk which according to data now available; shcould lie bej

= 9] =

up we
ium
in her
be-
m in
lween




136500 and 224000 d/m over a productive lifs of 10 years. The

removal over a 12 year period should then lie between 192500 an|

356000 d/m. On the basis of these figures, the amual removal
radiostrontium from the sail by what we have termed an average
cow would lie between 16C00 and 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 anmual 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

£
airy

f we
the
ich

half

of this store to the estimate of the upper limit of the amount [re-
moved annually by an average dairy cow would give a first estigate of

rate of depletion. Thus
1.5 x 107 2 (2) (3 x 104) = 2.5 x 102

It is likely that this value of 250 years, which might be call
mean life, is of the order of 1.5 times the "half life". Thus

1life" in the depletion of the stors of radiostrontium in the s
this region by dairy cows,

years might be said to be an estimate of the lower limit of th#

Case II - Cows To Not Live on Pasturs

If land having a store radiostrontium that might be specified

Hd the
170
"half

il of

S

3 x 106 d/m/Acre should be cropred continuously to cowpeas harfested

as hay in_which the radiostrontium content might be specified
1.09 x 10° d/m/1000
as follows: a mean life time may be defined as the ratio of
the strontium in soil to the amount removed yeaxly Lln a cIep
of which the yield commonly ranges from 1 to J tons per acre.

2,18 x 10° = 6.88
6.55 x 10° = 2.29

1.5 x 100
6

¥
and
1.5 x 10

ofe

from which one might risk the statement that the depletion "h
under the specified cropring system and yields would be of th
of 1.5 to 4.5 years,

yield estimates of mean life for sr89-90 in soil cropped as sgec
o

1lbs,; the depletion "half time® may be esth

8

ated
e half
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