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Sl This report summarizes the results to date of various investigatio
YR urdertaken by the Health and Safety Laboratory on Project SUNSHI

M The basic purpose of this report is to present new data on the dishribu~
tion of Strontium-90 and this, to the best of our ability, we have dons,
Honever, data are only useful when they serve as the basis fer inthr reta-
ticns and conclusions. We are compelled to point out that the dath are
as yot relatively few and the conclusions must thersfors be regardpd as

tentative, more 80 in acme areas of the report than in others,

SCOFE OF WORX AND PRINCIPAL PINDINGS

e specific questions which the Laboratory attempted to answer, the
mothods of study and the principal findings can be summarized as £hllows:

. % DATA TROM THE (WMMFD PAPER METIORK ENABLE A SATISPACIORY MATE
07 Srd9-90 FALIOUT TO THRE EARTH'S SURFACE? : '

!
i

¥sthod of Study Principal Pind.im
1 il
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ples of soil from O il HHHATN
. ive locations in the 3 g} ;
nited 3tates wers R A5 .Ea::'
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troatium, The results \ 2 l
ero compared with the ,&) 3
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yROM RAIN?

Method vof Study

Suspensions of radio-
active iron were

WEAT IS THE BFFICIENCY OF THE GUMMED PAPERS IN SEPARATING P

ICULATES

Principal Pindings

Retention at 1* rainfall per hour varled from 80%
of all particles less than 2 p to 10%Jof all parti-

od in the lab- cles less than .3 . Data for less sjvers rain-
g::‘f’.::y and artificial fall rates are n«:!l as yet svailable,
rain produced under :
various conditions of
¥ temperature. The ef-
SN foctivensss of the !
> i quaned papers in sepa-
~Aied rating the iron particles
‘o from the "rain® was
1 48 determined.
2}
24}
‘o3 3. TO WHAT EXTENT IS THERE VARIABILITY IN THE FRACTIONS OF 889 ap 890
~=yx@ IN BOMB DEERIS?
: ,ﬁ Method of Jtudy Principal Findings
'5 Samples of fallcut and Fallout during the weeks i{mmadiately fellowing
e stzospheric dust from a burst is deficient in both strontiul isotopes.
.+ odlk various bursts were Samples of out and airtorne t collected
“;¢ B analyzed for totel activ- towards the end of 1953, at which t MIXE appe ars
+A ity and the two isotopss to have besn the principal contributor], are enriched
ool of Sr. in both isotopes.
?c X In some samples the measured Sr39-90 devisted froa
‘10 1 theoretical by aa order of magnitude, Pput in most
NS | cases by less than a factor of twe,
i.
{ N
-
3
1. ,
1 -2 -
) $01319686.00
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a. Is the uptrke of

“¢thod of Study
e —

30ils from five pastuires
.p varioug p@ts ol tho
Unit«d Statos were an~
alyzud for radiostrun-
Lium ard {onic calcluam.
Tnuy from lambs dropped
in Spring 'S3 and fod in
thase pastures were

tiuwm,

Method of Study

The atove soil and bone
samplus were analyzed

an1lyzed for radiostron-

c89-90 by livestoch tutluraced oy th
coledun concentrallon ia the soil Irom vhich thsir feud is
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s, WHAT IS THE 8r89-90 couTENTS OF CALCIIM DERIVED FROM LAMB BOKE,
FETAL EOME, OOWS MTLEAIQHIMAN VILK IN THE MW YORK KILLSHED?

Method of - w L " Principal Find

Analyses of material from - Expressed & d/‘/ll Ca, the &5’-90 eonunt
- ‘nr.l..ﬁ ll h

various sources. - = Llowss

= el o S
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- 1% of the MIXE fiasion jroduct
uniformly nixed in the ﬁ-oqbo ‘up to
88,000 fest with evidense thEt n undefined
= quantity of siditional dedris rice
T datonation continnes to exist af shcl
whish:have not completely diffuged.” The
: ¢ dust is conside

Atzosphere du& uq:iu,: B
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7. IS THERE EVIDENCE OF *DRI’™ OF DEBRIS STORED IN THE UP TMOSP HERS
BY SUFER BOMBS? !

- .
-
™
<>

Nothod of Stuiy
Analysis of samples from This problas has been mads dcult
worldwide fallout network. by detcnations in this countiy and the

is wow in the atmosphers te
fallout in November-Deceskbar

spproximately 0,18 of the ¢
residual activity from this enation,

The mean 'ukl.i fallout at

is continuing to diminish wi
of perhaps ons to two months,

MISCELLANE(S HIGHLICHTS

i, Fallout recorded by the worldwide nstwork, opsrated on a
skeletor. basis betwsen tests, wss less than 1 d/m/f%2/dsy in Pecemder.
The origin of the debris is in doukt bdut tts B85/90 ratio sugghsts
MIKE. This rate of fallout {5 equivalent to. ,02% per week ths
wotal residual radioactivity from MIKE,

2. Taldng all our data into consideration, we find we ars uzhble to
account for more than 5% of the MIKE fiasion product yield ffom

M Day to the pregsnt. A preliminary estimats, based on our -
sarples to date, indicate that presens atnogsheric storage, when pre-
cipitated, will contribute about as much Sr

is aiready present,

to the earth Tace as




p— L

UNCLASSIFIED

AMALYTICAL PROCEDURESe

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

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

which were developed were designed to handle relatively large

In uptake studies, where relative valuss between different a
taken in the same location Wers to be amalysed, the determinat
radiostrontiuz was prefersble because of the relatively high a
smpared with 890 alons, In some cases, the main pwpose of
required 8r90 determimations and, where necessary, this was do

With the lower sctivity levels of Sr%0 the gonfidenoce in the r
reduced as is shown by the scounting errors given with each ame
result, It should be emphasized that the lower confidence is
zatter of counting statistios and is not related to confidenoe
chemioal methods used to prepare ssamples, o
The determination of total radiostrontium, Sri° and norml strdutium all
require separation of strontium fraa the sample matrix, Our ejperience
indicates that the most satisfeatory method is the precipitatign of
strontium, with added omrrier if necessary, from 75% nitrio aofd solutiom.
This yields a olean precipitation which is readily colleotsd
for cougting of totml radicstrontium or for the further trea
tor Sr0 or pormal strontium determination, Different sample

ma jority of owr samples could be olassified as soil, bons, veggtation and
liquids (milk, wmter, urine and the liks). The preliminary se

materisals and their comversiom to anitratss,
then ocarried out in & voluwe of nitriec aocid appropriate to the

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

The f£inal nitrate precipitate may be directly gqounted for total radio=
stromtium, This precipitate my then be analyzed for 1ts 8r3%content
by measurement of the Y90 daughter in equilibrium with the SriP, After
allowing the yleld to hui&d up in the nitrate precipitats, h requires
appraximately 12 days, b &

recipitation with lanthanim oarrier,

- This precipitate is o
a filter for counting,

Y R

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

-6-

RS ——
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soth Sr89 and Y90 are measured by beta counting, The precipiiftes are

collected on 11/8 inch paper or glass filters. The filters aje mounted
on Tracerlad brass ring-and-diso holders, end covered with 0.
s41m, This shows negligible absorption and prevents contaminaf§ion and
loss of samples during handling.

Counting is performed with 1 inch diaweter Anton flat halogen-
tubes mountsd in simple lead ocastles. Ths background sounting
thess countars is minteinsd at six counts per minute and the
at about 15-20X, Higher ef{fioiencies could be obtained but ar
sidered to be nscessary., Ths counters are standardized with
carbonate mourtsd on the same holders, 4 0,200 gram quantity
carbomate which should show 163 d/min {fram the E40 aontent)
sounting rates for standardizatiorn, :

iciencies
not ocone
tassim
potassium
s suitabdle

The oounting times were of the order of 3I0 minutes for tmokpr
and all results are reported with the standard deviations oalo
the error of the sample when the tmokground error is taken int
Figwes 1 to 3 show the 23 valuss for background conting rates
8 ¢/min and counting times of 30, 60 and 120 minutes where the
background eounting times are equl, (In owr nermsl work, 2s
used, but in this report, the la deviations are reported to oo
ceneral usags).

d and samples

Y50 samples are followed for decay for identification purposss
activity, {f any, is subtrected from the total Y, Y90 disinte
ars determinsd by extrapolation dback to the time of separation
sr90 parent but ars not corrected for self-absarption by the s
identification is possible by absarption measuremsnts when the
suf fioiently acstive,

Some samples were anslyzed for normal strontium in order to at
take by plants and animals. The nitrate procedure is used for
of strontium from massive smounts of calolum and other elemesnts
carrier camot, of course, be used in this proocedure but it has|been found
possible to obtain good recoveries with a dariunm carrier. The

he separation

precipitate is dissolved and analyzed for atrontium with the f photoneter
. Radiun analyses were run on meny of the ssmples. All samples exjoept soils
wre analyzed by the standard method of oo-precipitation of the jradium
. with barium sulphate and alpha counting. This treatment is not otioable
‘ for soils, so & new procedure was devised in which the radium ig oo=
M preoipitated with the heavy metals by emmonium hydroxide and sodium car~
5‘- bonate and the daughter produwt, radon, measured in owr standard redon
- icnization chambers,
, Newer methods of snalyses are in the dsvelopmsnt stage but have ot been

v uted on any of the samples reported in this paper as it was feli] that

) standardization was very important where many rssults are to be pompared
with one another. As noted sarlier, the camplete analyticsl propedures
are given in Appendix A,

00131986 010
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THE HEALTH AND SAFETY LABORATORY SUNSKEINE EXPERIMENTS

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

Our choice of expariments were influenced by the ultimate objectiives of

both SUNSHINE and GABRIEL, and the state of knowledge a8 reviewed at the

Rand Conference in sarly Summer 1953 (5). Our studies can be prisasented
under four headings: ’

l. Validity of data from the monitoring network,

2. TFractionaticn of the strontium isotopes.

3. Some factors involved in the biological uptake of ltroT'.iul.

L. Atmospheric storage of debris from super bombs.
Validity of Data From the Monitoring Network

Comparison of Predicted ard Measured
Concentrations of Radiostrontium in Soil

So1ils from five selected areas_in the United States werq analyzed
for strontium 89-90, The predicted Sr89-90 concentration in sofl varied
from 0.0067 to 0.26 d/min/gm soil, a factor of LO.

Predicted values were calculated from the data of Table 1 which

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

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

The radiostrontium content of the 801l was estimated by as
density to be 1.5 and all of the activity to be contained in
inch of s0il. Where radiochexical anslyses showed radicstronti

to one inch in order to make the results comparable,

Table 2 and Pigure L summarize the comparison of predicted and geasured
values of SrS9-90 in soils from five places in the United Statsd.

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

00131986 014
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ESTIMATED CONTRIBUTION OF Sr39-90 w0 sory AT samPLING rocarzhres

Lscation Test Fallout Fissicn
of Pasture Series Stations Pmductg Tontium
(d/m/2t%) 80
on 1/1/5h4 /n/t42)
logan,
Utzh BJ Salt Lake City 27 2 -
by} " Loso 2. L
IvYy n 95 2, 1.k
UK " . %000  us] 630
Totals 13000 250 630
Ithaca,
N. Y. BJ Binghamton 78 7 -
TS Binghamton & Oswego
(Average of 2) =0 62 2.5
IvY Binghamton 120 L 18
Ux Binghamton 50 &5 3.5
Totals TCo 73
. Albany,
N. Y. BJ Hartford & Burlington
(Average of 2) 75 é.F -
1s Albany LLo 6 -
I Bingkam%cn, Rochester &
New York City
(Average of 3) 159 Lp -
UK Albany L9so 5]  3%0
Totals p{0] 50 35T
Ruigers,
N. Jeo BJ New York C.ity 80 70 -
TS - s " Lo pil .k
Y vy " 120 3 1.8
RS UX " 110 . T.?7
-y Totals TG0 9’3
2 Tifton,
2 Ca BJ  Almta, Dllahasses & Mantgomary
B | * . (Average of J) 35 BN 18 -
- | TS ilmtta, Dllabssses & Mrtgmery
e (Average of 3) 150 9.p -
' IVY Atlanta & Jacksonville
(Average of 2) 100 .p 1.5
UK Atlamia, Jcksovills & Mortgomery
(Average of 3) 100 4 7
Totals L0 17 B
SRR —
00131986.015
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COMPARISON OF PREDICTED AND MEASUTED VALUES OF sro — 0 1N shr

Place

T fton, Ga.
Mutgers, N. Jo
Ithaca, N. Y.

Albany, N. Y.

Logan, Utah

N

by

3

L IR NP S |\ SPyoupun

1

1057045

Predicted Msasured
(d/m/gm) (d/n/gm)
0.0067 0,020
0.013 0.07
0.028 0,03
«12 0.16
0.26 0.27
— e
—
e+ e

Measured

Predictad
3.0
Sel
L1
1.3
1.0
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A pertinent question mseulﬁ is the variation {n fallocut

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

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

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

Retention by Gumnoed Films of Particulates in
Similated Rain

An axperiment was designed tc mesasure the rention Yy
of radfoactive particulites suspended in raindrops. When ws first began

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

Normal radicactive debris was similated by finely divided pile

iron having a mass median diameter of 3 mu. Te suspend the irog powder,
a fow milligrams were added to two liters of distilled water

Particle size control over the suspended particulates was cbta
slutriation of the original suspension. At a given tims, 700
at the top of the cylinder was decanted intc a sprinkling arr
(Figare 5) which provides for contimed agitation of the suspe
the sample enters a capillary tube from which droplets are pe
fall to the gumwed film. Under the comditions reported hers,
of "rainfall® was 1" per hour. The retention of the gummed [

Similar tests at lower rainfall rates are being planned but ha
yet gotten under way.

of the gummed papers are given in Table ). Conditioning at 5°] and at
85°C do not appear to sigmificantly influencs the retentivity ¢f the films,
In order to dsteraine if the iron was going into solution, # s of
suspensions of varicus ages were passed through a Millipore fillter.
Essentially 100% of the sctivity was recovered on the filters, findicating
that solubility is not a factor in the above procedurs.
».-
3 -15-
Y3 ———mr—
A 00131986.018
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TABLE 3
EFTSCT OF TRSEMTME CODTION
Sample No. Gum Paper ™Mme of Mnal Temp. Conditio of
, !ntcx’xdon Tlutriation Mlm for Past 2k rs
1l 96 0 room temperatgre
2 97 0 rocm temperature
3 96 0 - S°C
L 75 0 - 59
. ] n 0 75%
B 6 88 0 75°C
7 82 60 min room temperagure
8 87 60 mn room tmpcrLﬂ
9 89 60 win - 5°C
10 83 60 win - 5°C
n 72 60 min - 5%
*.i' 12 83 60 min 8gor
- 13 51 60 win 8s°c
iy
3 W 8L . 60 mn 8s°c
Y
N
3
i
pemm— 8 88 A0
00131986.020
10571049
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Fractiomation of Radiostrontium in Bomb Debris

The two radioisotopes of strontium, 589 apd Sr%° are chiefly fqrmed by
the decay of primry fission products according to the schemes,

H 90 90 90
Ir 4 Rb A sr s
}; 1 3 St 7 T hs 7~
o, ) PLL n? . L
3
, ‘%‘ RAEY I 2= sad
o It is therefore possible that the bulk of the radiostrontium waly mot be
o~ prodused until the firebsll has cooled below the solidifying pdint of
4 the fallout debrise If this is true, the relative amount of or &90
o in the close~in fallout should not be as great as would be preqicted
e from fission yields, and should also be quite n.s%u‘hlgo This Yas been
i3 confirasd by measurements made by AFOAT-1 (Sr8P4%0A1°° ratios] and by
Y most of the results of owr own analyses.
5
e The axtreme veriability of owr initial radiostromtium results for falle
31 out ssmples lsd us to questiocn the precision of ow chsmical mpthods.
e As & test, three samples of firely pa-dorga Jazngleite were by the
.‘71 sane chemiocal procedure, The relative Sr¥" astivity wmas fomd to de
Vil 2.8, 2,1 and 2,1X, canpared with the theoretical value of S.
5.
q? This discrepsncy may be posszibly scoounted for by somsidering t some
- of the initial sctivity mas indused, rather than fission prodget sctivity.
pr
T In any osse, the precision of messurement is reasomabdle snd ijdicates
;]L,-_" that the variability of fallout rediocstrontium is resl.
vl
Y The fallout samples run for radiostroxtium were taken fram stoek of
) deosy samples from Tumbler-Snapper, Ivy and Upshot<Knothole. | These re-
H sults, along with the theoretical radiostrontium values fram Hunter snd
T Ballou are given in Tables 4-6.
' 44
244 Table 4
: 1 f TUMBLER-SXAPPER PALLOUT
: :1" H ne
:t 4 -
. Location Dute Initial s:-“'”k/n %
¥:)
i Hanksville, U - 5/26/52 137 9.6 740
X 108 8, 8.1
it 74 9. 12,7
::n 108 16 15,1
i ;5 114 12, 10,8
3K 120 5. 4.8
e ¢
,'- i : _ Average 9.7
'L Theoretical 8.0
¥ ! o
-15-
. ; - ) 00131986 022




"l - R . 30 -—Ww—;‘wa: T AR
s ;% (This is the only series that shows higher messured radiostronfium values
R ¢4 - than predicted by the Hunter and Ballou ourves)

,“ ’( g3 -

2 Table §

T ~

% IVY FALLOUT (Guzmed Paper)

4] . .

{} Locs tion Date Initial d/m 3r89-904 /n <

2 Guam 11/5/52 1995 12,8 0,84
T 11/4/82 862 3.1 0,58
T x 11/5/82 37¢ 1¢.5 3.8
s 11/18/82 875 0 - 7.8

23 . g ;

- Iwc Jima 11/8/52 2130 a8 - 3.2
~1 11/7/52 484 o 62 1.3
By Luson 11/5/52 1700 9.3, 0485
R 11/8/82 724 80 C 1.1
g | Average 3.8
ni Theoretiocal: 6.3

= ~ UPSEOT-ENOTECLE PALLOUT (Airborne Dust) -

& B N en

¥ Losation” Date Iaitisl d/n 3r39-800 /n £

5 Winelow, Aris.  4/19/83 2,980 116 5 3.9

4,180 81 T1.9

13 e = -

K - Grend Jwmectiom, i

gh - Colorado 5/20/53 38,800 s22 2.1
5 Preesott, Ariz.  5/25/53 4,900 408 8.3

<
7 Cartes, Colorado 6/5/63 7,960 719 9.0
'S Average 5.0
g 3 ) - Theoretical .8
{a o . ‘
% Following the Upshote<Knnthols seriss, & skeletom monitoring tilck ws
; Wmiztained by NYO to tals gummed paper ssmples, The sampled from %his
i nstwork were pooled in groups and run for radiostrontium, results
N per gram of dust are given in Tabdle 7,

00131986.023
)
|




A
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VEATAL

SRR N ER P L S N L L i T v e v o
Lo A S RS e el

ST 'y
R nmrcuonl z E W R 3 o 1.8
-s‘%frﬂuerot!.nl =R NS S 0.04

rted in the
{n Tadble 8,

7" 0,90
§ - - 0e77
2 0. 88
-]
8
8

Al
" s

0.19
0.29
0.26

would be

shet-Encthole; -

A wries of u.fi;' were talea by Alr Foros "301;- at about 40J00C feet,
The papers from the jet .‘.'nun ware readica ed and andlysed for

total radiostresSium and 290, Tis autopraphii-showed the pr{sence of
relatively few particles of high sotivity, The results of
ttalyses aré givem in Table 8.

diochemical

1057053 ;
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Table 9
Initial 0
Date Lotivity 5r89:8,90 g 5.B89-90 d/m | 299/8.%
8/27 4,800 d/m 3,560 74 383 0.12
11/30 274 d/nm 272 99 67 0,33
12/8 35,800 d/m 18,500 46 1240 0.08
12/18 1,400 ¢/m 88s: " 63 210 0.31
Theoretical (Ivy) 1l
(me) 018
(vssm) 0,04
Air sumples collected on the rogf at NYO during the Igok of Deo r 21st
showed an sverage of 0,08 d/m/m>, of which 0,02 d/u/a° was radijstrontium,
The stromtium percentage, ss for the jet samples, ws much highqr than
sxpected,
rainfall

A 12«gallaon stainless steel pot was used to ocollest acoumulated

and dry fallout on the roof et NYO during ths period of July 15gh to

December 23rd of 1480 d/min., of which 748 &/min. were radiostr
Again the strontium perocentage is higher than expected.

ntium,

The azalyses of samples taken during the test period indicate a
radicstrontimm content than expected, while thoes ‘sken well
detonation show & relatively high rediocstrontium content, Sin

a5 will de discussed, it bn pohh}o that frsoctiomation has o09
The late farmation of Sré¥ and Sr°' campared to the life of the
ball male it possidle that they are more highly diapersed,
fallout s defiolent in radicstrontium, since the smaller parti
main suspendsd, while'the later fallout anmd partioularly the
stared in the upper atmosphere csomtains an exosss,

The Srsojﬁr”’ ratios are quite constant for a given time sinoe
a8 in Tabdle 8, Eowsver for mixed fallout from mors than
the & /Sr" ratio ocan probably be wsed only as an spproximat
relative amount of mmterial from esch ssries, -

The n-g :srbcot of fractionation appears to be minimsl, As not
the 3059 measured in soil is in good agreement with the pre
ty, based an uuusgnentl of total fallout in the ares and the
contribution of Sr-’-30,

red,
fire-

les re-

earlier,
oted aotivi-
heoratioal

Of interes<; is the compariscn of 89/90 measured in bone with the ratio

predicted in soil, The latter is bazed on fallout measuremant
the ags of the fallout into scasideretioz. Az syen iz Plgure 7
in bone is higher than predisted by & faotor of about 2.

and tales
the ratio

00131986.025
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Studies of Fmctors lovolved in ths Biclogical
Tptake of Radiostrontium

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

Dependence of sr89-90 Uptake on Soil Caloium

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

If, as the Beltsville experiment suggests, the radiocstrontiwm o
plants is dependent not alone an the amount of radiostromtium
g80il, but on exchangeable calocium as well, a gorrslation should
between exchangesbls ocaloium and the ratio of Sr89-90 in livest
to 3r89-90 in so0il from which their food is derived.

To test this hypothesis, soils from five pastures in various pa
the United States were analyzed for rediostrontium and exchangs
calcium, Three lembs and two oalves that had spent their entir
tims in these pastures weres sacrificed and samples “8‘5 eton
FPigure 8 is e« presentation of our data in the form 3r ia ®
in 30il versus the rsciprooal of exchangeable caloium, These
the form whisch would be prediotable fram the Beltsville exper

a linear regression with & slope of 528 was obtained. DBecause the
fow data, & cwrve through the points in this figure is not sh Bow-
ever, a least squares fit of the data gives a slope of 760 whicH is in

fair agreement with the Beltsville data ocomaidering the few obs
ws have and the possidle differences between field and laborato

In arder to emphasize the importance of the exchangeadle caloi
mramster in the relationship between bdome eand soil radiostrontium, Figure
9 presents bane radiostromtium versus soil radicstrontium. Theldata thus
resentsd are not so arderly ss in comparison with Pigure B,

Dependence of Ra Uyhh on Soil Caloeimm

If a aimilar dependence on exchangeable ocaleima oould demon=-
strated for matural radium, w would have & wseful tool for evajlmting
the significanse of radicstrontium deposition {n soila. The rahge of
world wide Ba in soil is lmown to s first approxzimmtion and be better
determined 1f need be. The relationship of this deposition to fadiwm in
huzan bons has been wmder study for some tims, Our knowledge of the geo~
%o radium equilibrium ocould be used to estimate the ultimate fhte of
Fdiostrontium.

) - :L -
— | —
00131986.027

10510556
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this laboratory, working in conjunsticn with the Beltsville groyp, has
developsd same evidemoe that the uptake of radium is dependent fu ex=
changeable osleium in & mmer similar to radiostrantium and tagim. Ia
order to further explore this possibility, the soils from five gastures
were analysed for redium, as were the bones of the livestock. [The data
obtained ere plotted in Figure 10, Radimm determinstions ocould fnot be
completed on the Tifton ssmples because thase arrived too lats §o permit
putld up of daughter produet astivity following soparation of tHe radiwm-
226, The fouwr ratiocs obtained when plotted against reciprocal gzchangeadle
saloium do not show as olsar a linser regresiion as was trus o3 stromtiume,
This may be duw to the faot that radiwm doss not behave as strogtim does,
er to amslytioal difficulty with the low radium sconcentrations ¥ soil.

The results are not completely discouraging and further work seeus indiocated,

¢ rison of Radiostrontium in Various
FLOE o] Materials

Azong the various materials which have been amalysed for radiosthontium
ars same which have in commen the fact that the isotopes ariginsfed to a
large extent from soils in the region of southern New York and nprthern
Eew Jersey., These samples include the lambs and oalves from pasfures at
lthacs and Rutgers, the New York City milk supply, human milk anf stille
barns from the metropelitan New York area. For the last two kings of
ssmples, the primary origin of the radiostrontium is, of sourse,lin doudbt
but in hummn milk and stilldborn alike there is likmly to be & lalge con~
tribution of oaloium, and therefore stramtium which has its origin in the
30ils from this ares.

Table 10 summerises ggo_gsuultu of analysis of these mterials, It w1l

be noted that the & agtivity when expressed in 3/min/gn of|oaloiwm
are of the ssms order,

This is agein & test of the constamoy of the caleiumsradiostrontfum ratic
in caleiun obtained from varioua places in the Yologioal feeding chain,
These samples have in commem the fast that in ons way or anotberfthe
oaloium was derived via vegetation, the caloiumsrediostrontium retio of
which was determined by the oumulative fallout in the geographiodl area
and the exobangeable csloiwm of the soil. 4 more lideral samplige pro=
gram and & more oareful stuldy of the dietary habits of humans in Jth

area studied seem indicated,

_________’——- 00131986.030
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Type Sample

Cow MLlk

(powdered)

(whole)

Hunan Milk

Tetal Bone

105706 |
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TABLE 10
GOMPARTSON oF $r89-99 1w
vARTOOS MILX AND DONE SAWPLES -
Source Date set9-90
Starlac 1953 L.2 » 0.83 5.0 #]1.0
RYC 9/30/53 5.2 + 0.58 6.3 # 0.7
xrc 12/8/53 6.+ 0.92 T.7411
¥TC 12/22/53 L+ 012  L9dqlds
Rutgers  10/53 n +
Tthacs  10/53 7
Newark  12/2/53 20 ¢+ 9 57 | 26
Newark  12/16/53 10 7 3.5 | 2.5
N Y. 10 * 7.5
1 +.25
- 29 - o
———— .y
R 00131986.032
—
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“mgh‘rie Storage of Stromtimm

e atmosphere has been ssmpled at varicus altitudes to estimate
-pesently stored in suspended form.
r

Nethods of Sampling

.,#3,90

lover M.mﬁ. !200 feet) — Samples were collected at a
1§ cubic fest per e an MSA Gomfo filter which has an
of over 908 at 0.3 micron.

jow York Operations Office. Smples have been collscted continwe

(1] - 000 feet) -~ The region af the tropop
been 8 a =3 squipped with cellulese fi1
cste samples are collected at a flow of approximstely 6000 cubiec f

zinute. The efficiemcy of collection of the filter paper sppears
the range 90-55% (Appendix B ). JFour flights have been completed.,

Stra re (LO = 100,000 fest)— It was necessary for the

o design spec or sampling in this region
atzosphere {roam which dust had not previocusly been collected,

Athough many devices ars available for dust sampling in the lower

sntirely unsuitable.
«pected concentration of activity set the

" smmpled zt approximstely 1000 cubic meters.

sttaining this altituds is by means of no

were of great import,

siF pressurs and temperature at this altitude prompted the investig
slectrostatic precipitation for the solution of this problea.

™he nost inviting feature of the elsctrostatic pitator is the
PMlsage of air through the device without ction allowing the
4r mving efficiency. At these altitudes, ths ease of producing

ton without the use of excessively high voltages greatly reduces
Tirements in the charging device.

1051002

Tee
atast

::_u-‘iur'r testa in an evacusted bell jar demcastrated the fessibility of
. Mning contolled corona discharge restrictad to a small region ajound the
c:'l"-"!l wire st this pressure by using a quasi-constant current r supply.
m.‘“htiou irdicated reasonable dimensions would efficiently precipitate
dusts of interest.
2::: 1 {lustrates the basic features of the device. It cons of four
mmﬂ' of 4% 0.D. bty 1/16® wall aluminum tubing each 13" long. first
L ngone, cOntains m insert 8% long reducing the imner diamster to 2{785%.
Chrone wire .012% in dismeter is supported qn am insulator and juns centrally
=
’//__::—-—/"’;— 00131986.033
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the axis to the secord section., Corons is produced at the wire
d“l long insert.

cond and third sections have an inside diameter of 3.875" and
':1 axial electrode 1,258 in dismster. The corona wire enters thq hemi-
rical end of this slectrode and is maintained taut by msans of anfinternal
Kb The high woltage supply connects to this electrods (and the
‘ﬂ::,', ¢ suitable insulator. This dimensional configuration was selgcted so
::': no corons 18 produced axcept in the wire section,

me fourth section contains an axial type of blower dilunod for aviajion use,
ret never proviously tested at stratospheric altitudes.

pth onds of the assembly are fitted with butterfly valves operated a small
otor sounted on the external surface of the tube, The active portiohs of the
precipitator are lined with 3 mil aluminum foil upon which the samplef is collscted.

e high voltage power supply uses a "vitran® (vibrater-transforssr) pperating
o\ o primary voltage of L.5 volts, The mo-load rectified and filtersfi D.C,
witage of this device is spproximately 2750 volts and it delivers
rating conditions sbout 170 jia at 1L50 volts. This unit together ith a
;rhour electrical impulse timer are cortsined imxpressurized cont
() stmspheres air). The circuit used is extremsly simple (Figurel2
(48 0o the timer operates two sets of two switchss in accordance witl] the time
wttings. The first cam is set to close switches B and Bl after the
scont has elapsed, (Normally 2 hours). These switches actuate the
wening the valves, turning on the high voltage and starting the bl
e st ulpli.n(ltim (6 hours) at altitude has elapsed, the no
witches A and A+ are actuated, turning off the timer and power supp)y, and
ttusing the valves to close (through a back contact on the switch, A
Mower 13 also turned off by switch Al. A back contact on the blowef switch
My e used for cutting down the balloon load.

Mver for the blower is obtained from a group of silver cells providing 12 volts
for 12 azpere hours., Under these conditions (altitude snd voltage) fhe blower
v 100 ofm at sltitude end consumes 1.25 amperes. In § hours at cfm

&u wnit samples the required 1000 cubic msters. A 4.5 volt 3 AH sht of
taries power the timer, H.V. supply and valve motor.

:‘ batteries and pressurised container are housed in an insulated gluminum
Slalner. The precipitator assembly is spring aounted in a separste alumimm

:410 {rame. The entire assembly inclnding batteries and cables we approxi-
taly 35 pounds. .

et 0 Ms the unit is 100% efficient. Due to the lack of tims, §fficiency

"Hor.“. not yet been made on this unit. Preparations are now bejng made to

Fraey these tests under simulated conditions. The theory of elec{rostatic
Pitation and calculations based on this unit are contsined in JppendixD .

fgettnuou indicate that within the range of dust particle sises ? interest,

————myrT——— 00131986 035
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. 1848) only one sample from 1000 cubic meters of air at 88,000 feet
* ”bf.d.md. Sampling was prevented by mechanical failures in two otler

-:fﬂt,, Flights were made from Holloman AFB, New Mexico.

s_.gngg Results

Thes results of atmospheric sampling to date are given in Tadle 1.
4 rill be moted that except for two of the four jet aircraft flights,
e concentrations reported are remarkably unifors,

ng value of 0.06 d/xin/M3 from the aingle 88,000 ft. sample compares f mu%
\ith the ssEples collected at roof level (msam 0.08 d/w/M3, range .OL-.J2 d/n/¥3),
nglecting the two values from the jet flights, the remaining two quu

l"t“' 001 d/m .

% can offer no conclusive explanation for the two high pairs among the
wilected by Jot aircraft. One =might spsculate that becsuse these two
v characterised by somewhat higher 89 to 90 ratios (Tadls 12).that asmplas
ve dominated by debris from the USSR detonations in mid-August. Ko r, this
s ot too plamusible an explanation in view of the fact that the first pample

vas collected shortly after the Russian thermonuclear detonation and t
second high sample about four months later.

e j Lelation of Atma@cric Sazples to the Residual
B 1) ctivity from

R 7k If the fi'llibn yield of MIXE was 5 MT, the residusl activity at this

! IR curies of which the SrV component is spproximately 2.6%, or
‘o 6x 107 curies. this activity were uniforaly distributed throughouf the

danket of air feet in thickness (volume z 5.4 x 1039¢tJ.) the condentration

of fission product activity would be § d/min/M3. The concentration of |Sr90

wuld be 0.8 d/min/P,

Yeglocting the two high valuss for the moment, the data suggest that
¢ rather unifora dispersion (.06 d/min/W3) of fission products in the jtmospher
i % about 100,000 feet. This is equivalent to about 1S of ths residgal

Ktivity from MIXE. In addition, there are an undetermined pumber of
12 *slugs® which to dats have been cbserved only in ths region of the

samples
amples

f“‘ sr89-90 content of these sasples is given in Table 12 , It will
“at these isotopes are present in all samples in mounts that exceed
;mﬁluhh factor the percentages predicted theoretically in debris
VI, TPSHOT-XNOTHOLE or the recent USSR seriss. Only the samples co
:’ It aireraft have been analysed for Sr90 to date. If thess samples| are
r‘Pﬂlmatin, this isotope represents about 10f of the total activity, about
L;“' tines the expected percentage, if the debris is due to MIXE. » about
of of the Sr90 yield from MIXE is estimated to be stored in the lower JL00,000 feet
the atmosphere.

__‘_—_,_-—‘—.‘:—’_—__—_
: 00131986.037
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TAELE 11

COMCENTRATION OF FISSION PRODUCTS IN AIR AT VARICUS ALTITUDES

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

00131986.038
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35-40,000'  8/27/53

RADIOSTRO MTIUM CONTENT OF ATR SuupLES
af-0 o8 g 90
Date, (Percent)
12/8/53 398 - -
U 66 8
1/30/53 99 75 24
12/8/53 ué 42 kL
12/15/53 63 L8 15
12/21-28 25 - -

FERCINT OF RADICSTIONTIM IN DERRIS FROM RECELT TESTS

Uase

(Theoretical)

870

Tyt

a!,89
Percent
S.d

9.7

1.0
0.4

89/%0
| 5.5
5.

o3
0

o2

00131986.039




fridences of Atmospheric Storage in Fallout Data
e —————

tr Figure 13 are plotted the mean daily fallout, during the latter h
1353, st 2L stations operated in various parts of the world. The {nd
4sts ought to be found in Tabls 13.

the 7ate of fallout in late June is largely from UPSHOT-XNOTHOLE., Th
rise 1n late August is dus to the test seriss then in progress in USSy
will be noted that the sharp decline ubich began in mid-September apj
ve continuing in late December.

Further studies will be required in order to sstisfactorily identify]the
teat series that coniribute to this lar level deposition. As noted parlier,
the recent debris is consideradbly enriched in both isctopes of strongium
and the grednsl accretion of thess isotopes during ths coming monthg is
iikely to be larger in amount than the strontium that has been depogited
up to the present time.

Setimate of the Total Deposition of Debris from MIKE

The Rand SUNSHINE group has estimated that lass than 1% of MIKE deb
be accounted for during the period Kovember 1 to December 31, 1952,
estimate, derived independently, is about LS. The discrepancy is und
standable in view of the arbiirary decisions that mist be mads in fhter-

From January 1 to March 1, 1953, we can account for an additianal
(0.018%per week). In ths following months, the debris was domdnatid by

vas not possible by our methods of sampling and analysis,

During the period of Novenber 16 to December 13, 1953, we aceountey
fxllout aotivity equivalent to a deposition of 0.]5% of the resid:

vity from MIXE. This is of the order of 0.1% per week and as notgd
Mgare 13 the decline in activity appears o be contimuing. We cfnno
At this time say that the activity curremtly cbserved is dus to MJXE
ot from more recent detonations in this country or abroad. Howeper, if

Estimate of Pature Fallout, Based on Atmospheric Samples

Baced on the few data available, we vould estimste the activity 4f the atme-
sphere up to 100,000 feet to be of the order of .05 d/min/m3 (.082 d/min/ftl).

¥ity 1s to be deposited on the earth's surface in a time which
Telation to the half life of Sr¥0, the depcsition would be of
20 d/min/sq. ft. This is an amount which is equivalent to the &
by all detonations up to the present {n most of the United Stat

- 37 -
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STATION

Detroit 2.5 1l
Knoxville 1l
Pittsburgh 2

3 6 1
Rochester 2 0 14
¥ew Haven

Boston «8 07
Yas A 2
las Yegas 1

Bl 1.1 0
Los Angeles 0

Anchorage 1 Q
Thule 03 0
Prestwick 2 6
laguu.ﬂ 05 05 09 -5
Guanm

Konolu.lu c} 1l
Keflavik 2 1 1.3
3t. louis Lo, 2
Hiroshims 0.61 0.80 .1 5
Canal Zane

Goose Bay ol 2 1 1
Newfoundland

San Brumo, Calif. 1.2 ol

UNCLASSIF)f

N

" o9
2.4

FALIOUT AT STATIOES IN WORLD-WIDE NETWORK
DURING FRRIOD WOVEMBER 16 20 DECRMPER 13, 1953

<

1.3

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

-39
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GENERAL CONCLISIONS UNClﬁ cereqen

il i,

We believe cur most significant findings are:
1., The dependence of radiostrontium uptake on soil calcium,

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

3, Our inadbility to account for ths bulk of the debris from MIXE,

L. The absence of gross fractionation of either sr89 or 8r90 [n samples
snalysed,

The data provide a tentative msasure of the significance of
muclear detonations to date. What would we find a few years
there were no intervening detonations? Milk being the princ
of buman Ca, we have estimated the rate at which Sr90 would
from soil, assuming the availability remsins as it is. " Ap
this question for two extrems situstions and concludes that
half life from soil can vary widely in pasturss that feed mi
L.S years for fields from which cowpeas ars cropped continuou
to cows that feed elsewhere, and 170 years for pastures in w
feed. The bulk of the Sr¥0 in Case I is transferred to fi
cows fod by cowpsas grown elsewhers. Here is an example of oxe problea

¥ discusses
biological
comst 1,5 to

obtained,

6 d/ Ca is & Tepresentative figure for S&r839-90 of which ajout 1.5 d/a
is 3r7Y, This compares with 870 d/m/gm Ca at tolerance (1 pclin a 7 Kg
skeleton containing Ca). The ratio o{ the observed activity to the
tolerance activity iei{thus approximate « FPotential depos
natsrial now stored in the atmosphere eas doudble thip figure,
Thus, we can tentatively concluds that if the Sr’V in soil is|mot depletad
by biological and/or physical processes in a decade or two,
formed biological calcium in Bastern United States is now at
with the soil (as seems to be the case), a skelston which begins to develop
at this tims would be expected to contain 1 of the toleranch burden. This
burden will diminish slowly with radioact decay but can
reduced by a shift in the equilibrium between soil and bioclogical calcium.

- 4o -

00131966.043

10517012




S0
-y

o

.

HN
“

N T
A e X

e o0, . .
VA L A O

P

.~y
v L

BEE b an

e e Iy @
A

LrA O

PO Vs

AR R

»
-

s

1051013

UNCLASSIF

FECOMMENDATIONS ®OR FUTURE STUDY

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

2. In order to provide information on uptaks rates after s perioq ef
several ysars, ths "pasture spproach® should be used in Eiroshima jand
Hagasaki selscting areas within the localities in which relatively heavy
fallout is known to have eccurred. (This was includsd in our er
program and Dr. Barley is planning to visit Japan for this purposp in

FPebruary).
3, The program of atmospheric sempling should be expanded:

8. Balloon sscents to the stratosphers should be comducted
weekly schedule during CASTIE anmd for sbout 1 year ther

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

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

Commission.

d. The filter equipped F8L's assigned to Eniwetok should be used
te cellect samples in that region prier to CASTLE.

L. The milk and water supplies from 2 er 3 selacted commnitied in the
United States should be anslyssd weekly for &r90, This data s be
correlated with pariodic pooled ssmples of urine and bens.

5. The world-wide monitor netwerk should contimme inmtact for af least
8 year following CASTIE. Collectisn should de en & weekly re than
daily basis beginning sbout 30 days after cenclusion of the opsration,

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

7. Better msasurenents than are now available should be sads ¢f the
long lived alpha sctivities of bomb dsbris,

00131986.044
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NY0-1576 "Radioactive Debris from Operations Buster and
(SMCERT) Jangle®- Jamuary 28, 1952, Health and Safety
Division, USAEC, NYOO.

NTO-US05  *Radioactive Debris from Operstions Zumbler and
(SCRET)  Saspper.” - Part I, Health and Safety Division,
USAEC, NI - Janmmary 12, 1953. :

Y4522  *Radioactive Debris Prom Gperstion Ivy®-April 28,
(S=cERT) -1953, Health and Safety Division, USAEC, NYOO.

UPSHOT - In preparation
KNOTHOLE :

B-251-ABC  The Rand Corporation - "World-Wide Iffects of
{SBCRET) Atomic Weapons - Project SUNSHIME® - Aug. 6, 155§,

DL *Simultanecus Slow Neutron riuion.or U-235 Atoms
NS085-001  I. Individual and Total Rates of Decay of the
Fission Products, H. F. Bunter and M. E. Ballou i
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The analytical methods used for determining total rediostronti
total strontium, 3r°° and radium are given in detail in this

apoendix. The msjority of the samples encountered were bone, spil,
vegotation and foods. Whers different procedures are required for

handling these different types of samvles, the methods are giv

separately,

The actual methods are prefaced by charts for determining the
theorstical contribution of radicstrontium to total fission p

activity and the 5r%9/8r%" activity ratio as a function of tim

since burst.

The methods reported are those actuslly used in the snalyses
in this report, but & sumsary of analytical develcpments in p
is given at the end of this apoendix.

-z 43
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FO M N MIYED SION PRODICTS

In a given sample contaiming the fission praducts of Pu or ?3% 4t
is necessary to have a theoretical messure of the (3r®® « 5r*°)/
(total fission activity) ratic as a functicn of time.

Hurter and Ballou have derived sorroximste excressions for total
fission product activity as a tuneoticn of time. If it is expressed
in minutes, thess equations ares

A(t) = (156000)¢72:2° 1day St < L days
A(t) = (2400)¢™2+02 L days < t < 100 days
A(t) = (2-16x10%)t72%° 100 days ¢ ¢ < 3 years

At 130 days after burst time, Sr®® and $r*® contribute 10% and 0.35%
respectively to fission product.activity. The ratio of for

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

With a knowledze of the percent contribution of each Sr isotope to
total activity, the disintesration rates of Sr*® and sr*° at anx

time are readily obtained using the A(t) data. The ratio of sr*®/
8:*® pas been plotted fram 1-1000 days in this canner in Fig. A=2.

w2 ¥
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The final conclusion is that these isotopes do not inter—
fore in the method of analysis used for bone samples.
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ANALYTICAL PROCEDURE FOR THE SEPARATION OF TOTAL
RADTOSTRONTIUM FROM A 100 GRAM SAMPLE OF SOIL

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

2., Sample, nsing standard sampling procedure (quartering prodess)
until approximatsly 125 grams of soil is obtained as a regfre-
sentative samples.

3. Igrdite in & mckel ecrucible at 900°C,
L. Weigh out 100 grams of the igmited material.
Se Add WOO grams of NayCOy and mix thoroughly.

6. Fuse in 2 puffle at '900°C (mmizum tempersture) for L5 mihutes,
(mimimue time) until the melt is clear and hamogeneous.

7. Cool by immersing in a beaker of cold water, withdrawing huickly
at first. Continue immersing and withdrawing until the ible
is cool enough to place on a transite board. The NagC0j Jshould
oot be wet at any time,

8. When the crucible is cocl, tumm {% upside down, tap the #ottu
with a pestle and allow the solid fused materisl to falllinte
a mortar.

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

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

11. Add slowly ﬂ.th continued stirring, 1000 ml of £0% K104. This
is sufficient to neutralize the fused material and alloy for an
excess of acid. |

12, Bvaporste with mecharical stirring until dense white HClQ, fumes
are detected. The silica is row dehydrated.

13, Dilute to 2.5 liters with distilled water and &llow to Bottle.

. TFilter the silica on No. 5 Whatman paper with suction. | Vash
with 250=500 ml of hot 5% HC1l, then with 250 ml of dis§illed

water. Transfer the filtrate and washings to the origiml

beaker. Wash the silica with 1% HgSQ,, and discard thq washings.

w2 S
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Remove the silica from the filter paper and dry in a 110°
oven overmight. Break up the aggregated material with a
sortar and pestle, then transfer to a 250 =l platinum disp.

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

Cool and Mlute with distilled wstar, transferring the result-

ing solution to the original soil filtrate, and add 20 - D
carrier,

Evaporate on 4 sand bath to 30; fumes to vclatilize the I}uu;
Neutralize the filtrate with MaOH pellets until the pH 4
At this point add slowly, with stirring, S0 grams of Ma,
allow the precipitate to settle. Filter through No, S
paper with suction and discard the filtrate.

u<h.S.
and

tman

and

When the precipitats is dry, remove from the filter papci
oncen=

transfer to the original beaker. Dissolve in 200 ml of
trated HC1 and svaporate slowly to dryness. Do not bake

Mow add L6O ml of distilled water and stir mechamically mtil
the residus i3 completely dispersed.

Add slowly, 1540 ml of 0% HRO_ with comtinuous mecharmichl stir-

ring and allow to remsin stirring for 1/2 hour.

Allow to settle until the supernstant is clear, then decpnt as
much 75% ENO, as poasible.

Transfer the precipitate and remaiming acid to & 250 ml

entri-
fuge bottle, centrifuge and decant, discarding the sup tant.
Carry out another 75% HNO, separstion using a volume of OO al.
At this point the bulk of'the calcium should be removed leaving
strontium nitrate and insoluble material. Add 10C ml hot
distilled water to the precipitate, centrifuge and decafgt into
& 250 ml beaker,
Wash agaibh with 50 al of hot distilled water adding the [s\per-
patant liquid to the beaker after centrifugstion. The jesidue
can now be discarded.

_ Bvaporate the filtrate slowly to dryness.
M3 5F
TUNCIASSIFIED
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@mm soil samples is given in Table A-7.

URCLASSIFIED

Now carry out & fimal 75% HNOy separation in the 250 ml
beaker. (100 ml volume)

Filter through a fluorothene funnel on a glass fibre filtdr.
Transfer the funnal to a clean filter flask and wash out the
acid with anhydrous ethyl ether.

Flace the filter m a trass dise ard ring assextly (Traceglad),
cover with 0.001 inch pliafilm samd § count.

Recovery values are of the order of 75% for the procedurs as sfown.

method was selected initially to be certain of obta ring fhe

strontium regardless of its state. However, tests of leaching
nethods showed good recoveries, and they are to be preferred £4r
handling large samples of soil. The following data gives a ¢ -

of results by different methods.

Method (d/w/

Semple No. Source -1 2 L3
m ‘lb‘w’ !.!' O.M.Oa Oalm-OO'r' 0.('9:0 .WO
m . Lom, M 0016-‘-0 nos 0.012:0-w2 -
98 Ll.mnt Illb'o ooam Qoh -Oam .Oh -
Methods

-

1. Complete solution as described.
2. Leaching 10 minutes with 6 X HC1.

3. Lesching 10 minutes with 1 N Ammoriwm Acetate.

The properties and abundance of the long-lived fission productls were
given in the section on bone amalysis. The effect of additiod of the

owing mixture of possible { nterferences in the analysis 100

M¥e GO
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The sixplest method of analysis is the direct solution

content by flmme photometry. This method is subject to

of bgne ash

in HNOa, dilution to suitable volmme and determination of syrontimm

suppression by extraneous elements in the solution. The degree of
this surpression was determined by the addition of known quintities
of strontium to solutions of bone ash which had previously peen

messuread.

The & rect snaiysis did not hers sufficient sensitivity

y 5q the

separation of strontium from calcium was made by & double fitrate
vrecipitation. The results of the first set of tests on ked

bone samples are shown in Table A-3.

Table éﬁ
Becoyery of Strontiim,
Sazvle Ko, SrAdded  SpPound %
1 0 mg 0 mg -
2 10 1.5 75
3 20 20 100
L © 26 87
S 50 L7 4

The low recovery of the 10 mg quantity and the sbsence of] strontium
in the non-spiked sample is attriduted to the lack of sufftable mat-

erial to form sufficient precipitate to carry down the

concen-

tration of stromtium. It is sugrested that 10 =g of barfum be used
as & collecting agent for low concentrations of strontiug.

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

over 50%. A set of spiked bones were run at lower stro
with the results shown in Table A-7,

Table A9
S¢rontium Recnvery (Bgrim Cu'.-ier!
. Photometer
Sample No. Sr Added Regding S
1 0 =g 9
2 1 9
3. 3 L6
S 5 Off-scale

iun levels,

95
84
AN

The bone sazple used for spildng (Amputation from Belljvuo Hospitsl)

was shown to contain 0.019% Sr.

=15 G
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ANMALYTICAL PROCEDURE FOR THE SEPARATION @ TOTAL RADIO-
ES CF VECETATION AND FOODS

Ash the sazple $n & nickel ~rucidble at 507,

Estimate the amount of ash, add four times this weight of
¥ayCOy and fuse.

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

Run a double nitrats precipitation as for bone using acid

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

M8 52
URCLASSIPIRD
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; . ANALYTICAL PROCEDURE FOR DETERMIRATION OF
NORMAL STRONTIWM IN BOME

3 1. Ash the bone sample in a nickel crucible at 900°C.
2. Orind in & mortar to & fine powder.

3. Weigh snt 5 grums into a 250 ml centrifuge bottle.

: U. Add L4 m) of water and then slowly add 19.; xl q! 90% .
¥ 3 " mtric acid to bring. cocentration 3 7§§

] S. "‘ldd 20 mg of Ba*™ carrier (as BaCl,) in 2 nl of solution.

i & 6. 'StiF rapidly for thirty minutes (mechanicelly).
‘ 7. 'Gontnfuge for ten minutes st about 2000 r.p.-.
8. ‘_Dgunt and Tepeat steps L thru 7 nt‘]“./2' the original voluje.

9. Decant as much of the Hquid as pou:lblo and tnnstor to
100 ml beaker with water.

‘ ! 10. ABv‘nporato to dryness and pick up with 10 wl of concentra
8 rdtric acid.

G 3 11, “Add 5 nl of 1000 ppm I solution, dilute to 100 ml and
; “by flsme photometry.

There i3 no agreement in the l iterature as to the strontiuvm cqntent
of the normal human being. In part this is due to the variabjlity
of available strontium in different sectitms of the country of the

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

To resolve the differences for our own laboratory studies, a fpest

was sade of two methods of analysis. Time did not permit a 1lete
program of sampling and analysis of bones from seversl indivilduals
in several localities to be mads.

7 03
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ANALYTICAL PROCEDIRES FOR DETERMIMATION CF SR°° BY
N AND COUNTING OF Y°°

After *he ssmple on the brass “cli~ “»s been crunted for
total strontium and has reached equiilibrium, it may be used
tor T°° separation.

2. Count..tho sample and record data.

3. Remove the sample from the drass holder. Wagh the holder
with about 25 ml of water. Allow washings to fall into
bealer with the bulk of the pager.

L. Bring to & boil and filter thru No. Ll paper into a S0 ml
platimm dish. Wash the beaker and paper with aporoximate-
1y 15 11 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 aporoximately S5 drops of HCl. Transd
fer to a beaker with water. Bring volume to about 0 ml. Adq
10 mg of lanthanum carrier. (This carrier must have negligibje
p activity).
7. Bring to & boil and adjust pH to 6~7. Allow to stand for adbogt
15 minutes and filter thru a 1-1/8 glass fiber paper. Place f§n
brass holder. Cover with pliofila and count.

A. Record time that filtrstion was completed. Count and record
comting date and comnting time.

9. Ouvserve decay by counting at approximately J-dsy intervals
for a period of about 12 days.

The procedure wes tes:ed by measuring the recovery of Y°2 added tof
Solutions contaiming 20 mg of Sr as the mitrate. The reccveries
found with either paper or glass fiber filters were 94-59%.

b=l18 é/d/
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ANALYTICAL PROCEDURE FOR SEPARATION AMD DETERMINATICN

QF RADTOM IN BONE

Dissclve S5 grams of bone ash in 10 ml of HCl, heating gently.
Add distilled FaQ until the velame 12 100 ml,

l.

' 4 .I
Na 2, Adjust pH to 8 with M OH, centrifuge and decant. This vre-
=k cipitates the phosphates and hydroxides, coprecipitating the
I g radiu, ]
FAY .
P 3, Pick residue up with HCl and Ha0, following the procedurs in
. -'; °(~ st-.P 1.
R I ldﬁst pH to 3.5, add 10 ng of 307 as (NH4)2SOs, snd 3 mg of
s . BaSQq and some CaSO, will precipitate at this point.
3 o Centrifuge and decant, savirg only the precipitats.
S 5. 44dd HCl dropwise, until the bulk of the Ca3Q, goes into
R solution.
T 6. Dilute to 100 ml with g0 and adjust the pH to 3.5. Allow
- 3 the BaSQ, to settle and digest overmight.
1 - 7. Flter through No. L2 Whatman Filter paper and ignite paper
. at 700°C in a plstinu crucidle in muffle.

SR 8, Add 3 ml of concentrated Hy30, to the platimm crucidle and
ot 25 ml of HF. Allow to evaporats slowly on a sand bath until

S0y fumes are given off.
9. Reprecipitate BaSO, in a 50 ml centrifuge tube, using a rud

) 8 policeman to transfer the precipitate from the platinum to
' tube. Allow to digest overnight. Take note of time of pre-
R cipitation.

a - 1. Centrifuge for 5 minutes and decant. Wash twice, first wit
' 10 @} distilled water, 2nd last with 10 =l ethyl alcohol.

Y. 3R L. By means of a transfer pipet and sthyl alcchol, transfer the
- los precipitate quantitatively to & nickel disec.
) 8
Co 12. Allow X0 days for the radium daughters to came to equilibri
and count with an alpha scintillation counter. Or alternatjve-
A 1y, the final equilibrium value may be calculated from the
o measured disintegration rate at any time and a factor for the
A fraction of equilibrium value existing at that time.
it UNC LASSIFIED
ye
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ARALYTICAL PROCEDURE FOR THE SEPARATION AND DETERMINATION
OF RADTTM IN 100 CRAMS OF SOTL

1. Except for the addition of 20 mg of Sr** carrier, Steps 1
“ 18 of the 5r*®,%° procedurec are carried cut exactly the sam
3 way. oo
2. Then the carbonate precipitate is dry, remove from the filt
paper and tramafer to a pyrex glass tray.
: '}- 3. Place in & 100°C oven and dry overnight.
7 L. Now break wp the aggregated materisl with s spatula and ¢
A as well as paossible with a pestle. '
' ' S. Retwn the materisl to & 100°C oven md dry again.
R 6. Finally place the dried precipitats in a copper radon co -
. ing tube. Flug up doth ends with pyrex wool, flush out
: 6 tube with hydrogen and then seal. Record the time.
s 7. Yor full equilibrims, allow a X0 day buildup, but shorter
f buildup times are useables. MNessure the radon in an iordsgtion
AR chamber radon counting apparatus.
o
-4
s This method of radon collection is relatively untried, but a fspiked
bt sample gave the following result,
;.\ g Ra per g Sotd
Y Semple Added ZYound Mun:#.
. Soil No. 11k o 5.2 x 10733 —_—
: ”.’.:;, Spiked soil ¥o. M4 LO x 10" g Lzx100°* LAux m+

0 66

MCLASSIFIED

00131986.058




1057088

O —

CLASSIFTED

ANALYTICAL DEVELOPMENT IN PROGRESS

The Instruments Bramh of the Health and S8afety Laboratory ha

beta measurements. This is designed around a solution phosph
taiming the active material in a volume of 5 to 10 ml. The p
has been worked on by three groups; the dnslytiral Branch dev
the msthod of obtaiming the active material ia solution, Prof
Eallmann of NYU working oo the development of the optimum pho

and the Instruments Branch working on the dcvolopumt of ins
mentation.

The chdul operations were largely devoted to the separatio
Y°° from the rediostrontium plus strontium carrier obtained i
noresl chemical procedures. It was desirable to extract the

the fluors} such as terphenyl and the substituted anmthracens.
Initial experiments showed that certain complexing agents
gave orgamic soluble compounds with T also acted as quenche
the phosphors This was true of TTA (thencyl trifluorocacet
Other reagents such as oxine gave poor extraction coefficien

Tridbutyl phosphate (TBP) has been used in the extraction of
sarths from very strong nitric acid solution. The resultingjorganic
layers, however, were found to show very great quenching.
due to the presence of nitric acid which also extracts into

It was not pessible to wash out the HNO,, as the Y activity
removed in the process.

Extracting Y from ssturated axmonius nmitrate solutions with
gave an arganic layer which could be prepared as a good 1iq
phosphor. The pulse heights ocbtained are equivalent to pho
preparsd directly from TBP. Both 75% and 0¥ satureted
ritrate solutions also gave good extraction results, allowl
eagier manipulation than if coppletely saturated.

This techrmique should allow the ready messurezent of very 1
of Y°© ag carrier-free isotope, sirce the background of suc
tillation counter could be maintained at a lowlevel. This|proced-
ure may also be used for determination of Ce*** which is ong of the

debris. The second development is the use of a comparative]logari-
thmic absorption plot for isotope identification. In this
the logaritim of the relative activity of the unimown with farious

aluninum abscrbers is plotted against the logarithm of the felative
activity of a known isotape such as P?*. The slope of the

r2x &/
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mixture.

The advantage of thisz method

for isotope charscterization
be applicable to determinati

[ 2
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1051089

straijnt ling i a function ol Lac beta vnersy of She unktnown
isotope and the intercept of the line with the zcro absorber ajs
repressnts the relative amount of that isotope present in a

lies in ils appiicability to low

counting levels. This 's possible because the line slope can
determined from light acsorbers rather than thz heavy abserbe
required for Feather analyses. The method is in tenmtative us

for mixtures of isotopes and sh
on of Sr®/*° ratios.

w2 Gf
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APFENDIX B

ESTIMATE OF COLLECTION RFFICIENCY CF PILTERS USED IN JET ATHCRAFT

pltsr Papers were placed in series during two flights.

If we as the
tiilers do not significantly discriminste according to particle lizl, the
officiency can be estimated as follows.

Let R = fraction of activity retained on filter
C = Activity in volume of air sampled

4 ad A = Activity collected by first and second
filters respectively

Than
11=E
Ay 3 (1-R)XC
R =1- A2

The following data wers obtained:
November 30, 1953

First filter in series 760 d/min
Secord filter in series 60 d/xin

a.l-&
T80

g .92

December 15, 1953

First filter in series 2070 d/min
Second filter in series 10 d/nin

R=1- 10
2070

z .95

00131986.061
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APPENIIX C
Tabulation of Analyticsl Resuits

Three tabulations of analytical dats are collected in this

appendix. The first is the sumary of results from the five
selected sites, the second is a series of samples obtained [
UCLA, and the third is a collection of miscellaneous analyses
during the period. While the results of the last two groups jrere
not used in drawing the conclusions reached in this report; the

values obtaine: are reported here for campleteness.

The first grow of samples from the five selected sites include
analyses of soil, amimal bone and vegetation for total radio-
strontdwm, Sr’°, natural strontium, radium and exchangesbls
calciun. These results were used in evaluating strontium and
radium uptake.

One group of samples was furmished by Dr. Kermit Lersen of
These materials from the Test Site and Almagordo showed only
fair correlation of bona/soil and piant/scil ratics. The Jajgle
soil has previously been shown by Dr. Larsen to have low &
ability of strontium, but the other fowr test site samples
be equivalent. Their bone/sodl rstiocs of 2.0, 1.6, 58, and
could not be fitted into the data from other sites, as avai
calcium analyses are not available.

The miscellansous samples included many samples of anmimal ang

human bone but comparsble soil or food figures were not available
for strontimm uptake studies.

-70-
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ALBANY

STICLIN AR

Total 30
Radiostrontium Sr Natural Sr /ﬂ/ 1
Type Sample d/m/g d/m/g =2/ d Cazy
SOTL
0-1° 0.16 .04 .24 0.06 1p 0.23
1-6"
é-12*
ANDIAL BONES
Calfr
Ribd 33.6% 1.3
Spine 35.42 1.E
Leg 33,92 0.8 2.13 9.1 1
Hoof 3.6~ Q.8 o7
Woodghuck
Rid 1.9¢ 0.2 vél
Spine 3.5 0.2 .08 034
Leg 2,65 0.2 .09 108
10GAN
Total
Radiostrontim Srsq Natural Sr d/b -
Iype Sample d/m/g d/m/g ne/g g T
SOIL
0-1* .08: 0,2 .08% 02 0 [
1-6" 063 0.02 .9
0-1" 385 0.05 183 ,02 .9
VEGETATION
Grass 184 0.8
ANDIAL BONES
lamb
J" ‘.6& 0.5 ‘4
hs 5.1:‘.‘. 0.3 0.5.: 2.1 .6
Bid 5.3:: 0.5 0.2
1.
2 00131986 063
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TIFTON
Total
Radiostrontium sr90 ¥atural Sr Ra 1
ey Type Sample d/m/e d/m/g  me/g d/ok  Ta.s
L2 S0IL (Measured)
"-. ’
: 0-1" 0.02¢ .02 c.q 1
1'6'. 01 .03 25
VEGETATION
A —
— Range Shrub 6.0¢4 0.6
Cow Peas 2.,3% 0.5
Fative Grasses 15.7¢ 1.2
. ANTMAL BONES
T Calf
Spine
Ribs 14.5t 0,9 8.63 0.6
Jaw 19.5* 1.0 13* 1.0
e Hoof
i ITEACA
.‘,'t'
',-},' tohl
Radiostrentim  5r90  Fature) Sr 1
L Type_Sample d/m/g d/n/g m &/ CiTs
e SOIL
e - A
B 4 0-1* 0,033 0.02 1]s 0.1
-5 1-8" 18
é-12" 0.,004% 0,C3 1l7
T VEGETATION
—.:l Pasture Grass 15.03 Q4
. 39.4% O.€
? 34.52 007 zlei 0.7
ANTMAL BONES i ‘
Lamd
6‘0* 0'1 0.9! los 0.18 ‘“8
6.6 0.1 0.18 .075
8.13 0.1 0.16 .036
li‘i 001
5.7z 0.1 0,20 .038
- "
 —— 00131986 064




3 1 o
s :‘ - E’
v RUTCERS
. Total 90
: ' Radiostrontim Sr Hatural Sr Ra
% Type Sample d/n/e dfm/e  mg/g &/m/g '5-:;'1
2 SOIL
0~1" 0,044 .02
1-6* 0.c2f .02 oa| °F
4 g=-12" 1.1
her 3 2_31 ; . . *
K ANDIAL BONES
4.
: lamb
Rids 2.4z 0,086 1,03 0.7  0.12 ¥
Bl Teeth 3.48 0.4 0.10 .
= Jaw 7.2 0.1 0,11 1
Hoof 8.48 0.2  0.77¢ .05 0,10 "2
I‘S 7.6:?_ ooos 0.12 : [~
L
T2
. . el =010131986 .06
1051094
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Radio- o
Dave Strontium Sr
Sample Souroce Sampled d/m/e dfm/e 1
78 Soil Chupaders Mesa 7/63 1.8 0.2
79 Vegetation . " 1.5 0.3
80 BRodent bones . “ 2.2 0.7
81 Soil Jangle Soil 11/51 9.6 0.l
82 Greenhouse plants . . 8/52 3.8 0.7
83 lab, rats . . 3/52 0.3 0.6
84 Soil Test Site 10/52 5.4 0.2
(15 & BJ)
85 Vegetatiorm - ® 113.0 2.4
86 Rabbit bones "o | 11.0 1.0
87 Soil Test Site 10/52 ‘4,4 0.4
(18)
g8 TVegetation "o --
g9 Rabbit bonss .- ' 11.9 1.0  9.5] 2.3
30 Soil Test Site 8/53 0.2 0.04
(oK 18 BJ)
91 Vegetation » ® 1.8 0.3
g2z Rabbit bones - 19.0 1.0 1w.d 2.5
93 Soil Test Site efss = 98.0 0.3
, (Upshot )
- 94 Vegetation LI 24.0 0.3
. " 527.0 8.5 48.p 12.0

95 Rabbit bones

00131986.066
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= LAYSIFIED
/'——R_:d;- U“EO Normal
stroatium 3r 8r Ra
’s_u_:plo Source a//g dﬁn/s___ e 71 1 dfafk
| Calf; RiD Test Site 2.2t 0.2 .57 0.078
, Spine . 1.920.2 - 0.084
3 Leg . 2.210.2 .54 0.00¢
' Hoof . 2.620.2 0,79 0.000
12 Calf, Soapula Cedar City 4.420.3 - -
11 Bwe #1, Leg . 1.0%0.2 40 0.4
13 #2, Lag » 3.220.08 E.SC l.01
14 $8, leg " §.5r0.3 - 0.008
18 4, log " 2.320.8 - 1.7
19 #6, Eoof ‘a Lag " 11.320.4 0.48 3.9
15 #6, Leog " - 1.5%0.8 0.3 2.0
16 Lamb #1, Leg . 0.4%0.2 - -
17 e, Log » 9.320.1 - 0.5¢
102 Calf Clerk County 53.020.8 0.98T0.1 0.26 11.0
] : Hevada ®
101 Human, Newborn Utsh 1.2%2.1 - -
138 80 yr. male - . 0.821.0 - -
13 Cyroue " 0.020.04 | - -
137 ol e 1.420.8 ) - -
138 . 4.220.4 - -
11y 75 y. made 1.120.8 - -
" eul&é "o teeta KT 0.020.12 0.10 0.02¢
170 Bunsn, &b skeieton 0.08£0.02 - -
feaur
-75-
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=== UNCLASSIFIED

1
strontium Sr’o F Ra
Semple Source dAk dh/k A dmf
] Whole milk St‘ G‘O!“O. 1.3‘-'0.3 - - 0.035
: Utabh
98 Powdered milk Starles, 1983 0.5£0.04 0.2%t0.1 §.085  0.115
97 . » Alba, 1953 0.88%£0.08 0.8520.1 - -
153 . " Bordens, 1960 0.34* 0.12 - - -
113 BEuman milk Syracuse 5.6t 4.8 - - -
162 Urine Newark,(ailk 0.02£3.9A - - -
donor) ®
157 Urine T 0.020.8A - - -
155 Blood - b 0.7520.2/gt. - - -
165 Choeese Ruania 0.04%0.01 - - -
168 . Yugos lavia 0.042C.01 - - -
167 Tap water L §ovd 0.88%20.02/1 - - -
168 * . Y 0.9320.0¢/1 = - -
169 Distilled water e 0.06£0.041 . - -
171 Soil & Clam shells loog Island 0.01620.001 - - -
-76-
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Laws of Motion of Small Particles Subjected to a Porce

APPENDIX 2

NOTES ON ELECTROSTATIC PRECIPITATOR

By H. J. mua.onnn#

(a)

(b)

(c)

(d)

A small particle subjected to a force is sccelersted thy

gh the mecls
in ths surrounding space, the reslting motion through the particles of
the medin results in a resistive force to the motion glwen by Stokes as
R s kdv & (1)
Yor spheres k 3 377, When the welocity through the medis is such
that the resistive force is equal to the sccelersting farce, the
acceleration will be sero resulting in a constant velocity termed
the terminal velocity.
For a spherical particle in a gravitational field
’ . 1
P 3 mg; --%"rtaf 2 z’Td’P
The terminal velocity will remult when
1
P = Ror fod3fg = 31rdvﬁ
1 &
orv =13 (2)
If the particle acquires an aleetricsl charge and is injan elec-
trical field the force on ths particls will be
F = Q¢
The terminal wveloeity will them be
- (3
I a
Por partioclss of a size approsching the mean free path pbf air
molsculss, & correction due to Cunmingham is required account
for the additional velocity csused by the particle acceierating
between impacts. This is given by
v ® Vstokes _(1 ik 'é') (k)
717~
UNCLASSIFTED 00131986.069




TNCLASSIFIED

For particles subjected %o elscirostatic and gravitational

(3) corrected by equation (L).

1. lavs GQoverning the Charging of Particles

Particles ray acquire charges by passing :hrough a region contai
the mechanism i3 one of {mpingement of the particles with the

to the kinetic energy of the gas, whereas in ths latter the imp
{3 assisted by the energy imparted Dy the slectrostatic field.

{s) For diffusion charging, the equation given by Whits

gives the number of slectronic charges which will be acqui
s particle of diameter d.

a8 modified by Dsllavale for s cylindrical slectrostati
eipitator.

1l
. Ky - 1 4’z e (
. m—— * I!ti
qe 1+2(k2+1 Le B l4¢ z

Although others have assumed that the particle will sequi
sum of the charges given by both methods, 4t is felt that

gives a mre conservative regult.

Tlectrical considerstions of the charger.

d KT MdcCNo €2 ¢
q=(;gf) 1 Q*’ 2 e ) Hs)

For field charging, Pasuthenier has given the following -q#ton
[

orces,

the velocity is the vector sum of the velocities given bv () and

ng ions

of a given sign either by diffusion or field charging. In the fhrwer,

due
ent

led by

) (6)

the
oon~

sidering the mechanisms involved, ths particls charge will be
given by the greatsr of the two effects. In any case, tth

Pauthenier has shown that ths potential distridution in o cylinder
vith central co-axial vire changes fros logarithmic to a [linesr
function sas the corona current increases from sero, exc for a
smll region around the wire. Under these conditions thq field
intensity will be given by
l 24
T s k3
-78-
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Figure 1L gives the slectrical charactsristics of the chajger at
various sltitudes. The charger dimensions are 8" long by 1.875*
diameter, having & vire of ,012* diameter. Neglecting end|effects

170 x 106 x 3 2 107 at 100,000 thet

{ =a

=k 8 x 2.5L
tveq . | S
* e giving & wlue of 2,62 x 104 statamps/cm. The mobility st
LI ..
e .
et 100,000 feet = 600 x 273)
Y
g 2 (2.62 x 101111 . 1.1 280,
\ oozl
273 B
The actual observed woltage divided by the redial distance|from wirs
: to cylinder gives a figure agreeing within 20X of the calchlated
a) - figure vhich for our purposes is sufficiently good.
| Por equation (S), the ion density in the charging device required.
This can be calculated by asswding & linsar potential di bation
as given by Pauthenier for this case.
It % = ¥ 15 constant then the velocity of the ions is Fontunt
and given by
¥ vy ® k; (@) 3}2 B = S8«x 10" ClI/!CT_
- 4 27
: the time to traverma distance dr from the vire towva the
N cylinder is then

e dr
2o t = -

0y A "

B during this time a charge Q = it has filled a 1 em 1 of the
e cylinder dr in ndial thickness. The n.lno of the cha density
bl iar
'; dllthonbcz—-—q— Wm-;atundi

Assuming particles entering at 1/2 cm nds.un, then theion
dmity No at t.his redius 1i» '

b M

T

.
b ok

i
Yo =
2 ﬂt k3 —F— 1 er
' 79
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