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This report summarizes the results to date of warious investigatio

yndertaken by the Health and Safety Laboratory on Project SUNSHI

The basic purpose of this report is to present new data on the distribu-
tion of Strontium-90 and this, to the best of our ability, we haveldons.
However, data are only useful when they serve as the basis fer intirpreta-

ticns and conclusions. We are comelled to point out that the dath are

as yet relatively few and the conclusions mst therefore be regardid as
tentative, more so in some areas of the report than in others,
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SCOPE OF WORK AND PRINCIPAL FINDINGS

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

‘le DATA FROM THE GMD PAPER NETIORK ENABLE A SATISPACIORY MATE
Sr59-90 PALIOUT TO THE EARTH'S SURFACES?

  

  

 

    

 

          
      

      
     

       
 
 

  
   
 

         

 
      
 

 

 
  
  

       
  
 

                         
 

 

  
              
 

                  
 

 

 

 

 

 

 

¥ethod of Study Principal Findings

FTChita oT
ae qT
SRI ERE i

ples of soil from BATRA
ive locations in the SHAH 1
Jnited States wers Na tact
analyzed for radioactive Ye rt mnt
trontium, The results NN : Ni r
ero compared with the & ‘4 AWE
cunts of radioactive “tg 2 tt HA

trontium predicted by & F RETRAIN cd
yur fallout measurements. = fF BA i stssthis

; aMeeq ff eae(st
‘So, HEE Tee leh |
3 Beppo slataiell
x HH abateda|
> ACHE RaePd

o HEE SartPee: peefeyt
e 0./ 0. & 0.3 0.4
PREDICTED TOTAL SrlGy VGH.S0/L)

= 1 =

——ooos

a agile 2 Paceratteaeaile Slt 003

oy

 



eo! stmteeee eee

 

-- -~ 7.
es -_— omeSe aE 00 boae oeeh

 

ee UNCLASSIFIE
 

7 yROM RAL?

1 | Method of Study

Suspensions of radio-
ve iron were

oratory and artificial
yain produced under
various conditions of

Wm fectiveness of the
> YA gumzed papers in sepa-
ddl tating the iron particles

from the "rain" was
determined.
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IN BOMB DEBRIS?

Method of Stud

Samples of fallout ard
. atmospheric dust from
m various bursta were

analyzed for total activ-
m ity and the two isotopes

" of Sr.

 

9, WHAT IS THE EFFICIENCY OF THE GUMMED PAPERS IN SEPARATING P

3, 10 WHAT EXTENT IS THERE VARIABILITY Is THE FRACTIONS OF Sr5?

    Principal Pindin

Data for less scles less than .3 AI.
fas yet available,fall rates are no

AMD $90

Principal Findings

Fallout dusing the weeks immediately
a burst is deficient in both stronti
Samples of out and airborne
towards the end of 1953, at which t
to have been the principal contritte
in both isotopes.

 

 

   

   

  

 

In some samples the measured Sr59-90 deviated from
theoretical by an order of magnitude,
cases by less than a factor of two,
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b. Is raditim uptake similurly related tu ionizable caletu

Method of Study

The atove soil and bone
Sauwplus were analyzed
for radium, = ti—
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Method of : S

a various Sources. .

a

!

Atuosphere dust. sampiaa
were collected at altiu
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5, WHAT IS THE Sr99-90 cowreNnTs OF CALCIUM DERIVED FROM LAMB
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7. IS THERE EVIDENCEOF "DRD’* OF DEBRIS STORED IN THE Ww TMOSPHERS
BY SUPER BOMBS? ,

Method of Stixiy

Analyais of samples fron This probles has been sade Loult
worldwide fallout network. by detonations in tities country end the

is aw in the atmosphere te
fallout in Movember-Deceskar
approximately 0.1% of the c
residual activity from this onation.

The mean weekly falleut at stations

  

is continuing to diminish with a halflife
of perhaps one to two monthe,

MISCELLANETUS HIGHLICHTS

i. Fallout recorded by the worldwide network, cperated on a
skeleton basis between tests, was less than 1 d/m/fs¢/day in December.

   

The origin of the debris is in doukt but ths 89/90 ratio suggmsts
MIKE. Thia rate of fallout is equivalent to .02% per week
wotal residual radioactivity from MIKE.

2. Taking all our data into consideration, we find we ars u:
account for more than 5% of the MIKE fission product yield
M Day to the present. A preliminary estimate, based on our
samples to date,indicate that present atmospheric storage, wren pre-
cipitated, will contribute about as much Sr’¥ to the earth face as
is already present.
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total radiostrestium, 0

sample types, Where radioactive measurements were involved it
sary thet the chemical procedures produce samples suitable for
ing equipment available in the laboratory, For this reason th

which were developed were designed to handle relatively large

» normal’ strontium, and radium in a variety of

In uptake studies, where relative values between different s @ types
taken in the same location were to be analysed, the determinat
radiostrontius was preferable because of the relatively high aokivrity
compared with $r°9 alone, In some oases, the min purpose of
required $r9° determinations and, where necessary, this was do

With the lower activity levels of Sxr9° the confidence in the r
reduced as is shown by the counting errors given with each ana dytical
result. It should be emphasized that the lower oonfidence is ely a
matter of counting atatistios and is not related to confidence the
chemical methods used to prepare samples. ut

The determination of total radiostrontium, Sr?° and normal atrd@ntium all
require separation of strontiom fraa the sample matrix, Ou edperience
indicates that the most satisfaatory method is the preoipitatidn of
strontium, with added carrier if necessary, from 75% nitrio acd solution.
This yields a olean precipitation which is readily collected filters
for cougting of total radiostrontium or for the further trea
for Sr9° or normal strontium determination, Different sample

majority of our semples could be olassified as soil, bone, veggtation and
liquids (milk, water, urine and the like). The preliminary se

quantity of nitrates obtained, Two nitrate separations are al¥ays
formed and where the bulk of the mtrix mterial is high, an agditional

- separation may be required.

The final nitrate precipitate my be direotly oounted for tote
strontium, This precipitate my then be analyzed for its Sr9
by measurement of the Y?° daughter in equilibrium with the S3r°P. After
allowing the yield to build up in the nitrate precipitate, h requires
approximately 12 days, yy my be separated by an enmonium hydroxide
precipitation with lanthanium carrier. This precipitate is oofleoted on
a filter for counting.

* Thedetails of all the analytical procedures used in obtaining resulta
for this report are given in Appendix A,
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 SE «(UNCLASSIFIED
oth Sx89 and Y9° are measured by beta counting, The precipitates are

collected on 1-1/8 inch paper or glass filters. ‘The filters ade mounted
on Traceriad brass ring-endediso holders, end covered with 0.
eiim. This shows negligible absorption and prevents contaminafion and

lose of samples during handling.

 

Counting is performed with 1] inch diameter Anton flat halogen-

tubes mounted in simple lead oasties. The background sounting
theese counters is maintained at #1x counts per minute and the
at about I8-cOk. Higher efficiencies sould be obtained but ar
sidered to be necessary, The sowmters are standardized with
carbonate mounted on the same holders, A 0,200 gram quantity

carbomate which should show 163 dfain (fram the £t° oontent)
counting rates for standardizatior, "

potassitm
s suitable

The counting times were of the order of 30 minutes for tackgr

ani all results are reported with the standard deviations cals
the error cf the sample when the background error is taken int
Figures 1 to 5 show the 23 values for background conting rates

d and samples

8 o/min and counting times of 30, 60 and 120 minutes where the bample and
background counting times are equal, (In our normal work, 28 vpluse are
used, but in this report, the le deviations are reported to conform with
ceneral usage).

Y90 samples are followed for deony for identification purposes
activity, if any, is subtracted from the total Y. Y°° aisinte
are determined ty extrapolation back to the tims of separation
gr90 parent but are not corrected for self-<absarption by the s
identification fs possible by absorption measurements when the
sufficiently active,

Some samples were analyzed for normal atrontiim in order to at
“ale by plants and animals, The nitrate procedure is used for
of strontium from massive amounts of caloiim and other elements
carrier camot, of course, be used in this procedure but it hasibeen found
possible to obtain good recoveries with a barium carrier. The gesulting
precipitate is dissolved and analyzed for atrontiun with the f

Radijun analyses Were run on many of the samples. All semples e
were analyzed by the standard method of coprecipitation of the
With barium sulphate and alpha counting. ‘This treatment is not
for soils, so a new procedure was devised in which the radium ig ace
precipitated with the heavy metals by ammonium hydroxide and sodium care
donate and the daughter product, radon, measured in ou standard radon

ionization ohambers.

Newer methods of analyses are in the development stage but have fict been
uted on any of the samples reported in this paper as it was fel
standardization was very important where many results are to be
with one another. As noted sarlier, the complete analytical pr
are given in Appendix A.
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THE HEALTH AND SAFETY LABORATORY SUNSHINE EXPERDMENTS

   

   
    

   

  
    
  
    

    

   

   

   

 

   

   

 
It is only natural that the role of this laboratory in the worldbide
monitoring of debris from mclear detcnations should tend to oriient
our SUNSETNE studies towards the fallout deta we have accumilate! (1-1).
Our studies were designed to achieve mximem utilization of these data.

Our choice of expariments were influenced by the ultimate objectives of
beth SUNSHINE and GABRIEL, and the state of knowledge as revieweal at the
Rand Conference in early Sumer 1953 (5). Or studies can be prinsented
under four headings: :

1. Validity of data from the monitoring network.

2. Fractionation of the strontium isotopes.

3. Some factors involved in the biological uptake of strominn

L. Atmospheric storage of debris from super bombs.

Validity of Data From the MonitoringNetwork

Comparison of Predicted am Measured
Concentrations of Radiostrontium in Soil

   
     

  

   

 

  

 
Sils from five selected areas in the United States we

for strontium 99-90. ‘the predicted 8r59-9 concentration in so
from 0.0067 to 0.26 d/min/gm soil, a factor of oO.

analyzed
varied

Predicted values were calculated from the data of Table 1 which records
cumlative fallout for each series of tests since DISTER-JANGE [at network
Stations in the vicinity of each locality where soils were sanp
theoretical fraction of the total activity due to strontium?
was obtained from Figures A-1 and A-2 (Appendix A} which have been constructec
from data of Hunter and Ballou (6).

The radiostrontium content of the soi)was estimated by as the soil
density to be 1.5 amd all of the ectivity to be contained in upper
inch of soil. Where radiochemical analyses showed radiocstrontivm in layers
of soil below O-l1", this activity was added to the measured valve froa zero
to one inch in order to make the results comparable,

Table 2 and Pigure 4 summarise the comparison of predicted and measured
Values of Sr°9-90 in soils from five places in the United Stated.

concentration of radiostrontium. In view of the many uwiertainties inherent
in both fallout and soi] sampling we regard these results as s
fortuitous but, nevertheless, encouraging. 4A more extensive s
Sseng justified.
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Location Test Fallout Fissicn

of Pasture Series Stations Products

_ (d/m/ft*)
on 1/1/54

Logan,
Utah BJ Salt Lake City 27

TS " 4080
IVY " 95
UK " 9000

Totals 13000

Ithaca,
N. Y. BJ Binghamton 78

TS Binghamton & Oswego
(Average of 2) 220

IVY Binghanton 120
UK Binghamton 50

Totals 565

_ Albany,
- Ye BJ Hartford & Burlington

(Average of 2) 75

ts Albany 4Lo
IVY Binghamton, Rochester &

New York City
(average of 3) 150

UK Albany 4950
Totals 5606

Rutgers,
o Ve BJ New York City 80

Ts " 410
IVY n 120
UK " 110

Totals 766

Tifton,
Ga. BJ Atisnta, Tallahesece & Martgomary .

_ (Average of 3) 35

TS Dllahassse & Morigomry
(Average of 3) 150

IVY Atlanta & Jacksonville
(Average of 2) 100

UK Atiarta, kcksorvilis & Montgomery
(Average of 3) 100

Totals Loo

e 12 «

aon

 

 

 

 

ESTIMATED CONTRIBUTION OF Sr49-90 7 SOIL AT SAMPLING LOCALIPTES

rontium
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/n/tt®)

2 -

240. L
2. 1.4
us] 630
250| 630
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TABLE 2

COMPARISON OF PREDICTED AND MEASURED vaLuEs oF sr°9-90 ry sbi.
 

 

 

  

Predicted Measured Measured

Place (d/my‘gm) (d/m/gm) edicte

Tifton, Ga. 0.0067 0.020 3.0

Ritgers, N. Je 0,013 0.07 5.4

Ithaca, N. Y. 0,028 0.03 12

Albany, N. Y. ol2 0.16 1.3

Logan, Utah 0.26 0.27 1,0
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4 r pertinent question reusinaunsettled is the variation in fallout
from place to place in a given locality. A satisfactory progrim of
replication has not been possible up to the present time. Howtver, at
iogan, Utah, we did collect replicates from two pastures abouticne mile
apart. The total radiostrontium assay of these soils was .22 And .38 d/min/gn

Retention by Gummed Films of Particulates in
Similated Rain

An experiment was designed to measure the rention by gam d films

of radioactive particulates suspended in raindrops. When we first began
to use gummed sampling media in our fallout studies, field tasks danondgrated
that the activity collected by gummed paper was comparable to,land gore repro-
ducible than the reaulta obtained using traye designed for tothl coirection
of the rain water. However, reliable controlled data have motibeen available
previously, The following procedure was adopteds

Normal radioactive debris was simulated by finely divided pilelirradiated
iron having a massa median diameter of 3m. To suspend the irom powder,
a few milligrams were added to two liters of distilled water aid agitated.

Particle size control over the suspended particulates was obtained by
elutriation of the original suspension. At a given time, 700 sillizeters
at the top of the cylinder was decanted into a sprinkling arrsdgenent
(Figure 5) which provides for contimed agitation of the suspegsion until
the sample enters a capillary tube from which droplets are pergitted to
fall to the gummed file. Under the conditions reported here, fhe rate
of "rainfall" was 1" per hour. The retention of the gumed fijn was
expressed as the percentage of suspended activity recovered byithe film,

  
        

   

   

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

The retention of the gummed films in these tests was not as high as was
expected, This may be because of the heavy rate of simulated gainfall.
Similar tests at lower rainfall rates are being planned but have not as
yet gotten under way.

Experiments to determine the effect of 2 hours of temperature konditions
of the gummed papers are given in Table 3. Conditioning at 5° and at
85°C do not appear to significantly influence the retentivity af the filus.

In order to determine if the iron was going into solution, sacples ef
Suspensions of various ages were passed through @ Millipore filker.
Essentially 100% of the activity was recovered on the filters, indicating
that solubility is not a factor in the above procedures.
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EFFECT OF TEMPERATURE CONDITIONING
OF OUYMED PAPER

 

 

 

TABLE 3
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Gum. Paper Time of Final Temp. Conditio of
Retention Elutriation Film for Past 2h burs

96 0 room temperatgre

97 0 Troon temperathre

96 0 - SC

75 0 - 5C

71 0 75°C

&8 0 75°C

82 60 min room temperature

87 60 min room temper:

89 60 sin - 50°C

83 60 adn - 5°C

T2 60 min - 5°C

83 60 win g5or

51 60 min 85°C

8), 60 min 85°C
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aes Fractionation of Radiostrontium in Bomb Debris

4: The two radioisotopes of strontium, Sr°9 am sr?are chiefly farmed by
= the decay of primary fission produsts according to the schemes,

+. 90 90 90i: Ir b Rb 4 Sr ‘
iB 256 Short ot 25

wh rS9 neo? ig icy!

5a” “Ete” “TES58d  

  

    

  

 

  

  

  

uot be
% of

or 890

It is therefore possible that the bulk of the radiostrontium
produced umtil the fireball has cooled below the solidifying p
the fallout debris. If this is true, the relative amount of
in the close-in fallout should not be as great as would be predicted

s
e
t
:

i$ —
r
m

=
it from fission yields, and should also be quite sarahles This Hea been
443 confirmed by measurements mide by AFOAT-1 (Sr5? /Mo”" ratios# and by
ae most of the results of our own analyses.
ELE
tT The extreme variability of our initial radiostrontium results Por fall-
tt out samples led us to question the precision of ow ohemical mpthods.
cee As a test, three samples of firely powders4 Jangleite were by the
Ty same chemical procedure. The relative Sr°™ activity was found to be
iid. 2.6, 2,1 and 2.1%, compared with the theoretical value of 5,
Lf

He This discrepancy may be possibly accounted for by considering t+ some
of the initial activity me induced, rather than fission prodwot activity.
In any case, the precision of measurement is reascoable and igdicates
that the wariadility of fallout radiostrontiiwm is real.Teak
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tl The fallout samples run for radiostrontius were taken fran stock of
hd decey samples frow Tumbler-Snapper, Ivy and Upshot-Knothole. [These re-
[hy sults, along with the theoretical radiostrontium va luss from Bunter and
ith Ballou are given in Tables 4-6.

Table 4

TUMBLER“SNAPPER PALLOUT
rne

Location Date Initial d/e sr®9904,

Hanksville, U0 5/26/52 137 9.6 7.0
108 Be 8.1
74 9. 12.7
106 16 18.1
114 12. 10.5
120 5. 4.8

Average 9.7

Theoretical 8.0
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_™ <3 2 (This is the only series that shows higher measured radiostronfiun values
: = han predicted by the Hunter and Ballou curves)
¢ we -

mB Table §
tw — wt
ter ~

7 IVY FALLOUT (Gummed Paper)
43 ; .
{ Location Date Initial d/a $r99°90a/p $

= Guem 11/5/52 1995 12,8 0.66
TOR 11/4/82 662 3.1 0.55
Tose 11/6/62 376 14.5 - 88
7 | 11/18/82 975 1. 7.2

44 , a . ws ee+ Iwo Jima 11/8/82 2130 6e " 3ad4. 1/72 434 2 Pools
oo Luson 18/62 1700 9,3. 0685

iB 11/6/62 724 80 _ T41

ey Average 3.8.
Theoretical: 6.5

Table 6

UPSHOT-ENOTHCLE FALLOUT (Airborne Dust)

. ‘Date Initial dfn 8°980a/y %

  

PA
RU
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e
t
ar
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Logation

Winslow, Aris, 4/19/83 2,980 116 x 309
= 4, 186 61 m 1.9

¥ : a -

3 ia Grand Junction, ;
Ef. Colorado 6/20/53 38,800 822 2.2

a Preeectt, Aris. 5/25/53 ss» 4,900 406 8.3
¥ os

¥: Cortes, Colorado 6/6/53 7,960 3. 719 9.0

p Average | 5.0
a. ~ x . Theoretical 6.6
ow oo . : .

a 4 - -

mH “ Following the Upshot-Enothole series, a skeleton monitoring odtrk was
e§ waintained by NYO to tale cummed paper semples. The sampled from this
a ustwork were pooled in groups and run for radiostrontium, results
“7 per gram of dust are given in Table 7.

=20~
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m sr90for

; 1.0

* 0.8

- . ol

ve 1.0
Y.
a¥ ee _
re: = as

zt 125 3, 1 0.4

4! ~
e 128 21 a=

& ar 1.4

-~ rted in the
sit in Table 6.

s

a ar?/er89

aoe

ak. A series of senpleswere talea by Air Force jets at about 40/000 feet.
-_ The papers from the jot filters were radica ed and anglysed for
r total radiostrem@@ium and Sr9°, The autograpee-showed the prdsence of
an relatively few particles of high activity. The results of r@dicchemical

‘nalyses aré given in Table 9.
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sy Table 9

yt “4 90‘aa Flight Initial Sr
28 ip Activity sr®Sigp99 gg89-90 d/a

|

sr99/o,89
>.

fly 5/27 4,800 a/m 3,560 74 S83 0.12
fue m :

“fox, 11/30 274 dfn 272 99 &7 0.33
2&
aoe 12/8 35,800 d/n 18,500 46 1240 0.08

": £ 12/18 1,400 d/m gas: $3 210 0.32

cre Theoretical (Ivy) 14
7 4 a _ (USSR ) 6,04

a:

wy
tee Air snuples collected on the rogt at WYO during the myer of Des Fr 2ist
roo showed an average of 0.08 d/n/m’, of which 0,02 d/a/e” was radibstrontiu.

The stromtium percentage, as for the jet semples, was much higher than
Pe expected.

& A lZegallan stainless steel pot was used to collect accumulated] rainfall

sr and dry fallout on the rocf at NTO during the period of July 15¢h to
ws December 23rd cf 1480 d/min., of which 745 d/min. were radiostrpntium.
o Again the strontium percentage is higher than expected.

“gt The armlyses of samples taken during the test period indicate al lower
* radiostrontium content than expected, while thoes taken well er
oe detonation show a relatively high rediostrontiim content. Sinck the re-

os cont high altitude measwemexts give the highest strontium peropntage,
- os as will be discussed, it i probapje that fraectiamtion hms cooprred.

+ The late formation of Sr?” and Sr compared to the life of the] firee
“h ball male i¢ possible that they are more highly dispersed. The] carly
a fallout is deficient in radicetromtiimm, since the smaller partibles re-
aw main suspended, while the later fallout ami particularly the erial
Ye stored in the upper atmosphere camtains an excess,

:
a
S

y
p
e
w
y

" The sr9°ay89 ratios are quite constant for a given time since
as show; in Table 8. However for mixed fallout from sore than
the Sr? /3z88 ratio can probably be wed only as an approximatibn of the
relative amount of material from each series, -

earlier,The mt ezzect of fractionation appears to be minim], As not
§ sted actiri-the Sr measured in soil is in good agreement with the pre

ty, based on heesupgments of total fallowt in the area and the
contribution of gr°*"99,

Of interest; is the comparison of 89/90 measured in bone with
Predicted in soil, The latter is based on fallout measurement
the age of the fnllout inte sensiderrtion, As sucn iz Figure 7,f the ratio
in bene is higher than predisted by @ factor of about 2.

—_—_—_—_—_——______ 06131986.025 
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Studies of Factors Involved in tha Biological
Urtake of Radiostrontiim

eetes erepemegeaed

UNCLASSIFIED

Identification of the properties of soil which influence the
radiostrontium by biological systems is a prerequisite to undersfanding
the significance of the deposition ef radiogtromtivm in soil.

Dependence of Sr89°90 Yotake on Soil Calcium

ke of

The Beltsville Experiment Station has demonstrated that ir
laboratery soils containing Sr99, the uptake of this isotope by Pow Peas
is dependent on the exchangeable calcium in the soil in which
is grown, They have demonstrated that this is likewise true for radioe
barium and the Health and Safety Laboratory has demonstrated a
ship between radium uptake and exchangeable calcium in soil.

plant

lation=

If, as the Beltsville experiment suggests, the radicetrontim ccntent of
plants is dependent not alone on the amount of radiostrontiu
soil, but on exchangeable calcium as well, a correlation should st
between exchangeable calcium and the ratio of sp89~90
to S799-90 sn soil from which their food 1s derived.

To test this hypothesis, soils from five pastures in various par
the United States were analyzed for radiostrontium and exchange
ealeium. Three lembs and two oalves that had spent their entir
tims in these pastures were sacrificed and samples of ge eton
Figure 6 is a presentation of our data in the form sr
in soil versus the reciprocal of exchangeable caloium. These <
the form which would be predictable fram the Beltsville experiz
a linear regression with a slope af 529 wae obtained.
few data, a curve through the points in this figure is not she
ever, a least squares fit of the data gives a slope of 760 which is in
fair agreement with the Beltsville data sonsidering the few observations
we have and the possible differences between field and laboratogy conditions.

Pediostrontium.

 
[057056

Dependence of Ba Uptake on Soil Calcium

wile
 sae

ia

In @der to emphasize the importance of the exchangeable calci
Parameter in the relationship between bone end soil radiostrontium, Figure
9 presents bone radiostrontium versus soil rediostrontium. Thejdata thus
Presented are not eo orderly as in comparison with Figure 8.

Our knowledge «

  

    

    
     

   

 

  

in livest

>

Because

a the   
amok bone

s of
ble
lifes

pe yset8s90
ta take
nts where

the
Howe

If a similar dependence on exchangeable calcium could bp demon-
strated for mtural radium, we would bave « weful tool for evaimting
the significance of radiostrontium deposition in soile. The rahge of
Wrld wide Ra in soil is mown to a first approximation and sani be better

determined if need be. The relationship of this deposition to
human bone has been tmder study for some tine.
bilo radium equilibrium oould be used to estimate the ultimte

dium in
the geo-

te of
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fThie laboratory, working in conjumstion with the Beltaville gcrotp, has
developed same evideme that the uptake of radium is dependent gm exe —
changeable caloiva in @ mamer similar to radicatrantium and barium, In
order to further explore this possibility, the soils from five pastures
were analysed for radium, «as were the bones of the livestock, [The data
obtained ere plotted in Figure 10. Radium determinations could not be
completed on the Tifton sauplez because these arrived too late fo permit
putld up of daughter product activity following soparation of tHe radiu-
226, ‘The four ratios obtained when plotted against reciprocal drchangeable
saloium do not showas clear a linssr regrezaion as was trues fox strontium,
This my be dus to the fact thet radius dose not behave as stromtius does,
er to analytical difficulty with the low radium soncentrations ih soil.
Tre results are not completely discouraging and further work seems indicated.

c rison of Radiostrontius in Various

BoYogioe! Materials
huong the various mterials which have been analysed for rad{oetrontium
are same Which have in common the fact that the isotopes originaked to a
large extent from scils in the region of southern New York and nprthern
New Jersey. ‘These samples inciuie the lsnbs and astves from pasgures at
Ithaca and Rutgers, the New Tork City milk supply, human milk ank etill-
borns from the metropolitan New York area. For the last two kings of
semples, the primary origin of the redicsetrontius is, of sourse,iin doubt
but in human milk and stillborn alile there is likely to be a latge con
tribution of onloivm, and therefore strontium which has its origin in the
soils from this area.
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Table 10 summarises fheposults of analysis of these mterials, jIt will
be noted that the Sr activity when expressed in d/nin/em ofloaloim
are of the sane order.

This 1g again a test of the constancy of the caloiumradiostrontdum ratio
in oaloium obtained from various places in the biological feeding chain.
Thsse samples have in common the fact that in one way or ancther ithe
caloiu@e was derived via vegetation, the calciumrrediostrontium ratio of
which was determined by the oumulative fallout in the geographical] area
and the exobangeable oeloium of the soil. 4 more liberal sampling pro-
gram and a more careful study of the dietary habits of humans in jth
area etudied seen indicated,
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TABLE 10

COMPARISON oF $r°9-9° ry
VARTOUS

MILK

AND

BONE

SAMPLES i

Source Date gr°9-90

Albs 1953 3.9 + 0.83 Le? +91.0

RYC 9/30/53 5.2 + 0.58 6.3 410.7

wre 12/8/53 6. + 0.92 7.7 Hl.l

wYc 12/22/53 bel + O12 bo9 1h

Rutgers 10/53 i+

Ithaca 10/53 1

Weverk

=

12/2/53 20 +9 57 £26

Newark 12/16/53 10 27 3.5 F 25

N.Y. 10 * 7.5

1 + 025

= 29 = ee

——
00131986.032
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sroospheric Storage of Strontium :

me atwosphere has been sseapled at various altitudes to estimate Sr90
-resently stored in suspended forn,
’

Methods of Sampling

Lower atmosphere (200 fect) — Samples were collected at a Flow of
1$ cubic Teet per e an MSA Comfo filter which has an efficiency
of over 90% at 0.3 micron. The samples were collected on the roof bf the
yew York Operations Office. Samples have been collected continuo

  
    

  
   

 

frou

se = Q00 feet) —- The region of the tropopaupe has

been 8 a oe } equipped with cellulose filters. Dupli-
cate samples are collected at 2 flow of approximately 6000 cubic f per
ainute. The efficiency of collection of the filter paper appears tb be in
the range 90-95% (Appendix B ). Four flights have been completed.

Stra re (40 ~ 100,000 feet)— It was necessary for the] Laboratory
to design spec or sampling in this region of the
ateosphere from which dust had not previously been collected.

   

  

    

Although many devices are available for dust sampling in the lower psphere,
the problems presented in the sampling at 100,000 feet aske these dbvices
entirely unsuitable. Preliminary calculations based on the best estimates of
expected concentration of activity set the requirement of volums ofjeir to be

' sampled at approximately 1000 cubic meters. Mince the only practich) means of
attaining this altitude is by means of non-extensible helius filledi balloons,
consideration of weight of tie sampler and its self-contained powerl supply
vere of great import. These factors in sddition to the great reduciion in
air pressure end temperature at this altitude prompted the investightion of
electrostatic precipitation for the solution ofthis probles.

The most inviting feature of the electrostatic pitator is the free
Pabsage of air through the device without ction allowing the freateat
air moving efficiency. At these altitudes, the ease of producing c#rona ioniss-
wae Without the use of excessively high voltages greatly reduces power re-

Feaents in the charging device.

Prelininary testa in an evacuated bell jar demonstrated the feasibility of
: Aining contolled corona discharge restricted to a small region afound the
talents Wire at this pressure by using a quasi-constant current powsr supply.
the tions indicated reasonable dimensions would efficiently precipitate

dusts of interest.

 

  

rcure Ll iliustrates the basic features of the device. It cons
ionsseetion ot © O.D. by 1/16* wall aluminas tubing each 13" long.

  

ef four
first

aichrs Ontains an insert §" long reducing the inner diameter to 2]785".
me wire .012" in diamster is supported qn an insulator and funs centrally -—_———
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ne axis to the secomd section, Corona is produced at the wire Pithin

long insert.ye
cont and third sections have an inside dianster of 3.875" end odmtain a

o nt axial electrode 1.25" in diameter. The corona wire enters thd hemi-
reatlal end of this electrode and is maintained teat by means of an/internal
fee me high voltage supply connects to this electrode (and the wire)
arn a gaitable inmtulator, This dimensional configuration was selécted so

ost no corona is produced except in the wire section,

we fourth section contains an axial type of blower designed for aviation use,
wt never previously tested at stratospheric altitudes,

  

  

  

pin ends of the assembly are fitted with butterfly valves operated ty a sual]

eter eounted on the external surface of the tube, The active portiohs of the
precipitator are lined with 3 mil aluminum foil upon which the samplelis collected.

the high voltage power supply uses a "vitran® (vibrater-transformer) pbperating
at aprimary voitage of 4.5 volts, The m-load rectified and filters D.C.
wltege of this device is spproximately 2750 volts and it delivers urnler normal

reting conditions ebout 170 pa at 1150 wolts. This unit together mith a
Thoor electrical impulse timer are conteinesd tn«pressurized container
() atacspheres air). The circuit used is axtremely simple (Figurel2j. A dual
tag on the timer operates ‘two sets of two mritches in accordance with the time
settings. The first cam is set to close switches B and Bl after theitine for
escent has elapsed, (Normally 2 hours}. These switches actuate the ve motor,
opening the valves, turning on the high voltage and starting the blower. After
the set semplingtine (6 hours) at altitude has elapsed, the nor closed
itches A and A+ are actuated, turning off the timer and power supp]y, and
teusing the valves to close (through a back contact on the switch, Al, The
Mower is also turned off by switch Al. A back contact on the blowef switch
nay be used for cutting down the balloon load.

Wer for the blower is obtained from a group of silver cells providing 12 volts
for 2 ampere hours, Under these conditions (altitude end voltage) Ehe blower
ree 100 cfm at altitude and consomes 1.25 amperes. In 6 hours at 200 cfm
at wit samples the required 1000 cubic msters. 44.5 volt 3 AH spt of

Vertes power the timer, H.Y. supply and valve motor.

wtbatteries and pressurised container are housed in an insulated qlusginum
‘inst. The precipitator assembly is spring sounted in a separste aluzinus

we frame. The entire assembly incloding batteries ami cables weighs approxi-
‘ely 35 pounds, .

cglations indicate that within the range of dust particle sises qf interest,
ts oe M, the unit is 100% efficient. Due to the lack of time, efficiency

mrtotes not yet been made on this unit. Preparations are now begng made toret these tests under simlated conditions. The theory of electrostatic
Pitation and calculations based on this unit are contained in IppendixD .

—_a5 00131986 035
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UNCLASSIFIE
ate, ONLY One sample frow 1000 cubic meters of air at 88,000feet
“3 obtained. Sampling was prevented by mechanical failures in two ot

Flights were made from Holloman AFB, New Mexico.
gent

sampling Results

The results of atmospheric sampling to date are given in Table HL.
“: be noted that except for two of the four jet aircraft flights,
oe concentrations reported are remarkably uniforn.

ny value of 0.06 d/min/w? from the single 68,000 ft. sample compares fiver
ath the Samples collected at roof level (mean 0.08 d/m/M>, range .Ol-.)2 d/a/),
pglecting the two values from the jet flights, the remaining two
yrevage 07 d/ain/ e

hc offer no conclusive explanation for the two high pairs among the
collected by Jet aircraft. One might speculate thatbecsuse these to
spe characterised by somewhat higher 89 to 90 ratios (Table12).that
ge dominated by debris from the USSE detonations in mid-August. Ho
1p ot too plausible an explanation in view of the fact that the first
vas collected shortly after the Russian thermonuclear detonation and t
second high sample about four months later.

Relation of aes Samples to the Residual
ctivity [rom

If the fission Field of MIKE was MT, the residual activity at this
3x curies of which the Sr” component is approximately 2.4, or
6x 102 curies. this activity were uniformly distributed throughoug the
blanket of air feet in thickness (volume = 5.4 x 10°9¢t3.) the condentration
of fission product activity would be 6 d/min/W. ‘The concentration of [$r70
would be 0.8 d/min/w,

   
     

   
   

  

 

   

 

   

  

 

 

Neglecting the two high values for the moment, the data suggest that
‘rather uniform dispersion (06 d/min/M>) of fission products in the itmosphere
wf to about 100,000 feet. This is equivalent to about 1f of the residsal
tivity from MIKE. In eddition, there are an undetermined oumber of
io “slugs® which to date have been observed only in the region of the

The sr°9-90 content of these samples is given in Table 12, It will
‘hat these isotopes are present in all samples in mounts that exceed
Trerable factor the percentages predicted theoretically in debris
YY, UPSHCT-KNOTHOLE or the recent USSE series. Only the samples co
¥ jet aircraft have been analysed for Sr9O to date. If these samples] are
*presentative, this isotope represents about 10K of the total activity, about
is ‘ines the expected percentage, if the debris is dus to MIKE.
; of the Sr90 yield from is estimated to be stored in the lower

‘he atmosphere,
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TABLE 12

CONCENTRATION OF FISSION PRODUCTS IN AIR AT VARIOUS ALTITUDES

 

 

 
 

 

pate Tine of Number Method

and Altitude Sampling of of

Pisce (feet) (hours) Samples Collection ad/ad

4/27/S3 40,000 075 2 Filters on 1.2, 1.0

(calif .) Jet Aircraft

11/30/53 39,500 2.0 2 ". 0.0lg, 0.03

(WM. )

12/8/53 88,000 6.0 1 Electrostatic 0.

(¥.M.) Precipitator

12/8 /53 35,000 2.0 2 Filters on 1.9] 1.7
(N.M.) Jet Aircraft —

12/15/53 Lo,300 2.0 2 . 0.07, 0.12

(N.M.)

12/21/53 200 19 1 Hi-¥ol. (MSA Comfo) 0.0

(u.Y.) :

12/22/83 200 2h 2 " 0.0, 0.0%

(N.Y. )

12/2353 200 2k 2 ® 0.1R, 0.12

(N.Y.)

Wfeh - 26/53 200 96 2 " 0.08, 0.07
(N.Y.)
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Attitude
68,000"

35-40,000'

200!

 

 

 

 

 

TABLE 12

RADIOSTHOWIIUM CONTENT OF AIR SAMPLES

 

Dete_ (Percent)

12/8/53 3% - -

8/27/53 7 66 8

13/30/53 99 75 2h

12/8/53 U6 42 4

12/15/53 63 4B 5

12/21-28 25 - -

PERCENT OF RADIOSTIOMTIUM IN FROM RECEKT TESTS
 

1051068

(Theoretical)

r°? S90

~ Percent : 82/50

9 52h 1.0 5.5

UaeR 9.7 0.b 25.

- %-
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 = UNCLASSIE Hep
pridences of Atmospheric Storage in Fal-out Data
ST

In Figure 13 are plotted the mean daily fallout, during the latter half of
1953, st 2h etations operated in various parts of the world. The individual
data ought to be found in Tabis 13.

the rate of fallout in late June is largely from UPSHOT-XNOTHOLE. The sharp
rise in late August is doe to the test series then in progress in USSR. It
will be noted that the sharp deciine which began in mid-Septenber apgears to
se continuing in late December.   

 

   

  

Further studies will be required in order to satisfactorily identify] the
test series that contribute to this lay level deposition. As noted Barlier,
the recent debris is considerably enriched in both isotopes of stromian
and the gredmal accretion of these isotopes during the coming month is
iikely te be larger in amount than the strontium that has been depogi ted
up to the present time.

Estimate of the Total Deposition of Debris from MIKE

 

The Rand SUNSHINE group has estimated that lese than 1% of MIKE debFis could
be accounted for during the period November 1 to December 31, 1952.7 Our
estimate, derived independently, is about Lf. The discrepancy is under-
standable in view of the arbitrary decisions that mst be made in Snter-
polating the data over large ocean areas vhere no measurements werd nade.

From January 1 to March 1, 1953, we can account for an additional ¢.4&%
(O.01L&%per week). In the following months, the debris was dominatad by
the OPSHOT-KNOTHOLE and USSR series, and differentiation of MIKE dbbris
was not possible by our metbods of sampling and analysis.

 

     
   
   

  

 

During the period of Movember 16 to December 13, 1953, we accoun
fallout activity equivalent to a depesition of 0.35% of the reaid.
vity from MIXE. This is of the order of 0.1% per week and as noted
igure 13 the decline in activity appears to be continuing. We cdnnot
at this time aay that the activity currently observed is dus to MIKE and
not from more recent detonations in this country or abroad. Howeper, if
we do assign it to MIKE, we conclude that at most we can account Por only
an additional fraction of a percent of the debris from this detonation.

4 for
1 acti-
frou

Estimate of Fature Pallout, Based on Atmospheric Samples

Based on the few data available, we would estimate the activity af the atmc-
sphere up te 100,000 feet to be of the order of .0 d/min/m) (.082 d/ain/ft2).

Approximately 10% of this activity appears to be Sr°9, Tf all of thia acti-
vity is to be deposited on the sarth's surface in a time which short in
Telation to the half life of Sr?0, the deposition would be of order of
20 d/min/sq. ft. This is an amount which is equivalent to the 979 deposited
by all detonations up to the mresent in mst of the United Ststds.

- 37 -
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FALLOUT AT STATIONS IN WORLD-WIDE WETWORE

DURING PRRIOD MOVEMBER 16 10 DECEMBER 13, 1953  
 

 

Mean Daily Fallout exe

Detroit 2.5 1 21; b
Enoxville 1 L 1
Pitteburgh 2 502 . 2

Binghamton 06 2 1.7
Rochester 2 Oo il 2
Yew Haven
Boston 08 e7 1e7 1.3

Washington oh, 2 ld
Las Vegas 1 lel
Ely 1.1 0 3
Los Angeles 0 0 2
Anshorage 1 0 0 0
Thule o> Q i 0

Prestwick 2 : 06 1 1.4
Necesaki 5 5} i) 5 6 oi

Guam

Honolulu 03 1 1 e

Keflavik 2 lL 1.3 3 4 2 ih
St. Louis le, 2 1 . 2

Hiroshima 0-61 0.60 lel 5 > | oly Py)

Canal Zone
Goose Bay ol 2 1 oil 2.4 1-2 341
Rewfoundland
San Bruno, Calif. 1.2 oly o2

 
 

Zero is equivalent to less than 0.1 d/ain.
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We believe our most significant findings are:

l. The dependence of radicstrontium uptake on soil calciun,

2. The remarkable uniformity in the radiostrontium activity 18 biological
naterials when the concentration is expressed as d/min/gm Ca.

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

4, The absence of grossa fractionation of either $r89 or Sr9O In samples
analysed,

The data provide a tentative measure 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 human Ca, we have estimated the rate at which Sr90 would
from soil, assuming the availability remains as it is. © Ap
this question for two extreme situations and concludes that
half life from soil can vary widely in pastures that feed mi
U.5 years for fields from which cowpees are cropped continuoy
to cows that feed elsewhere, and 170 years for pastures in w
feed. The bulk of the Sr7O in Case I is transferred to fi
cows fed by cowpeas grown elsewhere. Here is an example of oe provles

 
   

     
   
   

  

  

 

depleted
F discusses
bdological
Conet 1.5 to

obtained,

6 a/ Ca is @ representative figore for $r99-9% of which aout 1.5 d/s
is Sr, This compares with 870 d/m/gm Ca at tolerance (1 pcolin a 7 Kg
skeleton containing Ca). The ratio of the observed activity to the
tolerance activity thus approximate - Potential deposition of
material now stored in the atmosphere TER eas
Thus, we can tentatively conclude that if the Sr’ in soil isinot depleted
by biological and/or physical processes in a decade or two,
formed biological calcium in Eastern United States is now at
with the soil (as seems to be the case), a skeleton which beggns to develop
at this tine would be expected to contain .1 of the tolerancp burden. This
burden will diminish slowly with radiosct AW'decay but can
reduced by a shift in the equilibrius between soil ami biological calcium,
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RECOMMENDATIONS FOR FUTURE STUDY

 

 
1. Studies in the five pestures should be continued. An additio
pasture or two having intermediate values of scil calcium should
included in these studies.

2. In order to provide information on uwteke rates after a period ef
several years, the "pasture appreach" should be used in Hireshina [and
Nagasaki selecting areas within the localities in which relatively heavy
fallout is known to have eccurred. (This was included in our er
program end Dr. Harley is planning to visit Japan for this purposs in
February).

3. The program of atupspheric sempling should be expanded:

 
a. Balloon ascents to the stratosphere should be conducted

weekly schedule during CASTLE and for about 1 year ther

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

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

d. The filter equipped F&L's assigned to Eniwetok should
te cellect samples in that region prior to CASTLE.

L. The milk and water supplies from 2 er 3 salected commnitieg in the

 

 

United States should be enslysed weekly for 490, This data s be
correlated with periodic pooled samples of urine and bene.

5. The world-wide monitor netwerk should continue intact for least
a year following CASTLE. Collection sheuld be en a weekly ra than
daily basis beginning about 30 days after cenclusion of the oparation.

6. The twaor producing burden of Sr in livestock should be determined.

7. Better measurements than are now available should be sade ¢f the
long lived alpha activities of bomb debris.

-il -
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WYO-1576
(SRCHET)

HTO=1.505
(SECRET)

Wr0-4522
(SBCHET)

UPSROT=
KMOTHOLE

R-251-AEC
(SECRET)

NEDL
wSO085-001

UNCLASSIENE

"Radioactive Debris from Operations Buster and
Jangle"— Jarmmary 28, 1952, Health and Safety
Division, USAZEC, NYCO.

"Radioactive Debris from Operations Tumbler and
Snapper." - Part I, Health and Safety Division,
USAkC, NYO -~ January 12, 1953.

"RadioactiveDebris From Operation Ivy"-April 28,
-1953, Health ad Safety Division, USABC, WYO.

In preparation

The Rand Corporation - "hrid-Mde Effects of
Atomic Weapons - Project SUNSHINE" - Aug. 6, 195

"Simltanecus Slow Neutron Pissionof U-235 Atoms
I. Individual and Total Rates of Decay of ths
Fission Products, H. F. Hunter and NM. E. Ballou
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The analytical methods used for determing total radfostronti

total strontium, Sr? and redium ere civen in detail in this
apvendix. The majority of the samples encountered were bone, sbil,
vegetation and foods. Where different procedures are required Por
handling these different types of samoles, the methods are giv
separately.

Tne actual methods are prefaced by charte for determining the
theoretical contribution of radiostrontius to total fission profuct
activity and the 8r%/ar®* activity ratio as a function of tin
aime burst.

The methods reported are thore actually ued in the enalyses ¢
in this report, but a summary of analytical develepments in p
ie given et the end of this appendix.

i Y3
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FO UM IN MIXED SION PRODUCTS

 

In a given sample containing the fission praducts of Pu or 0798 it
. is necessary to have a theoretical messure of the (Sr®® « Sr®°)/
on (total fission activity) ratic as a functicn of time.

WT Hurter and Ballou have derived aunroximate excressions for total
Ung ot fission product activity as a functicn of time. If it is expressed

7 5a in minutes, these equations are:
OY.

tad
cee og, A(t) = (156000)¢73:78 l day ¢t <b days

“aT A(t) = (2800 )t74°9 4 days< t < 100 days
“TP rt
zea A(t) = (2-16x10%)t7*°®9 100 days ¢ t < 3 years
123°

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

| 2 any time is then calculated from the Sr half lives and theA(t)
J formulae. This ratio has been plotted in Fig. A-l.

yes With a knowledge of the percent contribution of each Sr isotope to
re total activity, the disintezration rates of Sr®® and Sr°° at a
78 time are readily obtained using the A(t) data. The ratio of Sr
i Sr®* has been plotted fram 1-1000 days in this manner in Pig. vn.
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The finel conclusion is that these isotopes do not inter

fere in the method of analysis used for bone samples.
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AMALTTICAL PROCEDURE FOR THE SEPARATION OF TOTAL
RADTOSTRONTIOM FROM A 300 SRAM SAMPLE OF SOTL

Dry the entire sample in an oven at 120°C.

Sample, using standard sampling procedure (quartering prodess)
until approximately 125 grams cf soil is cbtained as a repre
sentative sample.

Ignite in # nickel crucible at 900°C.

Weigh out 100 grams of the ignited material.

Add LOO grams of Na,CO, and mix thoroughly.

Fuse in a muffle at-900°C (minizsum temperature) for 45 mihutes,
(minimus time) until the melt ia clear and homogeneous.

Cool by immersing in a beaker of cold water, withdrawing quickly
at first. Continue immersing and withdrswing until the
is cool enough to place on a transite board. The NagC03 Ishould
not be wet at any tine.

 

 

  
    

  
     

automatic grinder and grind to a fine powder.

Transfer the ground fused meterial to a j-liter beaker
ing 300 wl of hot distilled water, stirring constantly
the particles are dispersed.

Add slowly with continued stirring, 1000 ml of 60% 1
is sufficient to neutralize the fused material and all
excess of acid.

Evaporate with mechanical stirring until dense white

are detected. The silica is now dehydrated.

Dilute to 2.5 liters with distilled water and allow to

Filter the silica on No. 5 Whatman paper with suction.
With 29-300 ml of hot 5% BC1, then with 250 ml of dis
water. Transfer the filtrate and washings to the criggnl
beaker. Wash the silica with 1% H33Q,, and discard th

mie Sf
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Remove the silica from the filter paper and dry in a 110°
oven overnight. Break up the aggregated material with a
portar and pestle, then transfer to a 20 el platinum dish.

Moisten the silica with 10% H,S0,, then add about 100 ml f OF.

Evaporate on & sand bath to 303 fumes to volatilize the dlica.
Cool and Milute with distilled water, transferring the repult-
ing solution to the original soil fiitrate, and add 20 Sr**
carrier.

Weutralize the filtrate with NaOH pellets until the pH i
At tnis point add slowly, with stirring, SO grams of May
allow the precipitate to settle. Filter through No. 5
paper with suction and discard the filtrate.

When the precipitate is dry, remove from the filter pa and
transfer to the original beaker. Dissolve in 200 ml of qdoncen-
trated EC1 and evaporate slowly to dryness. Do not bake

Mow add L460 ml of distilled water and stir mechanically fmtil
the residue is completely dispersed.

Add slowly, 1540 ml of 90% BRO. with continuous mechanich] stir
ring and allow to remain stirring for 1/2 hour.

Allow to settle until the supernatant is clear, then decBnt as
much 75% HNOs as poasible.

Transfer the precipitate and remaining acid to a 250 ml
fuge bottle, centrifuge and decant, discarding the sup

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

At this point the bulk of the calcium should be removed
strontium nitrate and insoluble material. Add 10C ml
distilled water to the precipitate, centrifuge and deca
a 2530 wl beaker.

Wash again with 530 ml of hot distilled water adding the [super-
natant liquid to the beaker after centrifugation. The gesidue
can now be discarded.

_‘Bvaporate the filtrate slowly to dryness.

bens SY
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28. Mew carry out a final 75% HNO, separation in the 20 ml
beaker. (100 ml volume)  

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

    

  

   

  

Thais method was selected initially to be certain of obtai ning
strontium regardless of its state. However, testa of leaching
nethods showed good recoveries, and they are to be preferred far
handling large samples of soil. The following data gives ac
ison of results by different nethods.

Method (d/2/
Sample Ko. Source _l 2.

112 Albany, B.Y. 0.1490.08 0.1190.007 0.920.006

14 _ Logan, Utah  0.1690.05 0.012%0.002 -

98 Lamont Labs. 0850.04  .08D.0h -

Methods

1. Complete solution as described.

*

2. Leaching 10 minutes with 6 N HCl.

3. Lesching 10 minutes with 1 N Ammonium Acetate.  
The properties and abundance of the long-lived fission products were

given in the section on bone analysis. The effect of additiog of the
following mixture of possible interferences in the analysis 190

gram soil samples is given in Table A-7.
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UNCLASSIFIED

00131986052

en

105108!  



     

e
e

ae
.

L
a
,

S
B
e
g
a
:

.
.

.
y
e

we
e

ge
et

:
¥

O
G

*%
.
e
t
r
e
e
r
a

“
a
R
,

:
Ya
el

B
e
y
e

Jf
)

We
.
¥
E

1057082

 

UNCIASSIFTED

The simplest method of analysis is the direct solution of bdme ash
in HNOa, dilution to suitable volume and determination of strontiua
content by flame photometry. This method is subject to errdrs of
suppression by extraneous elements in the solution. The defree of
this svepression was determined by the addition of known quintities
of strontium to solutions of bone ash which had previously Been
messured.

The direct analysis did not he7ve eufficient. yensitivity, sq@ the
separation of strontium from calcium was made by a double ditrate
precipitation. The results of the first set of tests on sgiked
bone samples are shown in Table A-3.

Table A-8

of

Samvle No. Sr Added Found. $s

1 O ag O ag -
2 10 7.5 75
3 20 2 100
y - x” 26 37
S 50 L7 94  

 

  

 

   

  

   

The low recovery of the 10 ug quantity and the absence off strontium
tn the nonspiked sample is attributed to the lack of suitable aat-
erial to form sufficient precipitate to carry down the
tration of strontium. It is suggested that 10 ng of bargus be used
as @ collecting agent for low concentrations of stronti

Wth the carrier, the recovery for low strontium was brobzht uw to
over 90%. A set of spiked bones were mm at lower stronBium levels,
with the results shown in Table A-?.

Table Aw?

Strontium Recove Barium Carrier

Photometer
Sample No. Sr Added Re
wempie ee] SCL

1 O mg 9
2 1 ¥
3, 3 L6
S 5 Off-acale

The bone sancle used for spiking (Amputation from Bell vue Hospital)
was shown to contain 0.019% Sr.

tts Cy
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ANALYTICAL PROCEDURE FOR THE SEPARATION GF TOTAL RADIO~

_STROMITNFROM SAMPLESOFYEDETATION AND FooDS

3:. Ash the easple in a nickel crucible at gm°%r.

2. Estimate the amount of ash, add four times this weight of
Wa,CO, and fuse.

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

lh. Run a double nitrate precipitation as for bone using acid

volwmes of 200 ml for the first precipitation and 50 nl for
the second.

dalS @ cde
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“ae ANALYTICAL PROCEDURE FOR DETERMINATION oF
: NORMAL STRONTIIM IN BONE

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

2. Grind in a mortar to a fine powder.

3. Weigh ont 5 grams into a 250 al centrifuge bottle.

U. Add Ls ml of water and then slowly add Lyewlt90%
7 itric acid to bring. concentration to“158 .

‘

7 5. ‘Kad 20 ng’ of Bat carrier (as BaCly) in 2 ml of solution.

| 6. Star.rapidly for thirty minutes (mechanically).

 
Te ‘Centrifuge for tan minutes at about 2000 Tepe    

    

 

 8. Desant and repeat steps ) thru7 at V2 the originalvol

4 9. Decant as much of the liquid as possible and transfer to
100 ml beaker with water.

| 10. Ewaporate to dryness and pick up with 10 flof concentra
’ Tditric acid.

Z| Li. “Add 5 ml of 1000 ppm Li solution, dilute to 100 al and
: by fleme photometry.

eto

- § There is no agreement in the literature ag to the strontium cd@ntent
Y of the normal human being. In part this is due to the variabjlity
7 ; of available strontium in different sections of the country of the
= world, and in part the disagreement is due to the methods of Enaly-

sis used.

To resolve the differences for our own laboratory studies, a Rest
was made of two uethods of analy#is. Tiedid not permit a lete
program of sampling and analysis of bones from several individuals
in several localities to be made.

ee O3
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The procedure was tes:ed by measuring the recovery of Y°? added tol
Solutions containing 20 mg of Sr as the mitrate. The recoveries
found with either paper or glass fiber filters were 94-99%.

UNC LASSIFISD

ANALYTICAL PROCEDURES FOR DETERMINATION oF cR°? BY
N AND COUNTING oF y®°

After the sample en the brass ‘slls **s been ccunted for
total strontium and has reached equilibrium, it may be wed
tor Y°° separation.

Countthe sample and record data.

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 parer.

Bring to a boil and filter thru No. lil paper into a D al
platimm dish. Wash the beaker and paper with aovroximate-
ly 15 mi more of water.

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

Pick up the residue with approximately 5 drops of HCl. Trans-
fer to a beaker with water. Bring volume to about DW nl. A

 

 

10 mg of lanthanum carrier. (This carrier sust have negligibje
p activity).

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

Record time that filtration was completed. Count and record
counting date and counting time.

Ooserve decay by counting at approximately 3-day intervals
for a period af about 12 days.

mis GS
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ANALYTICAL PROCEDURE FOR SEPARATION AND DETERMINATICN
OF RADI tM IN BONE

Dissolve 5 grams of bone ash in 10 ml of ACl, heating gently.
Add distilled RaQ until the velune 4° 19 nl.

 

J.

2, Adjust pH to 8 with NH,OH, centrifuge and decant. This sre~
cipitates the phosphates and hydroxides, coprecipitating the
radiwo.

3 fick residue up with HCl and H20, following the procedure in
tLep 1.

lee Adjust pH to 3.5, add 10 mg of SO? ay (NARs )aSOa, and 3 we of
« BaSQ, and some CaSO, will precipitate at this point.

Centrifuge and decant, saving only the precipitate.

5S. 4&dd HCl dropwise, until the bulk of the CaS, goes into
solution.

6. Dilute to 100 ml with HO and adjust the pH to 3.5. Allow
the BaSQ, to settle and digest overnight.

7. Filter9rough No. 42 Whatman Filter paper and ignite paver
at 700°C in a platinus crucible in muffle.

8, Add 3 ml of concentrated H,SQ, to the platimm crucible and
25 ml of HF. Allow to evaporate slowly on a sand bath until
SO, fumes are given off.

9. Reprecipitate BaSQ, in a 50 nl centrifuge tube, using a rub
policeman to transfer the precipitate from the platinum to
tube. Allow to Mgest overnight. Take note of tine of pre-
cipitation.

WW. Centrifuge for 5 minutes and decant. Wash twice, first wit
10 mm. distilled water, and last with 10 mil ethyl alcohol.

 
ll. By means of a transfer pipet and ethyl alcohol, transfer the

precipitate quantitatively to a nickel disc.

12. Allow 30 days for the radius daughters to come to equilibri
and count with an alpha scintillation counter. Or alternative-
ly, the final equilibrium value msy de calculated fran the
measured disintegration rate at any time and a factor for the
fraction of equilibrium value existing at that time.

asls GS”
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AWALITICAL PROCEDURE FOR THE SEPARATIOW 4MD DETERMINATION
OF RADIO IN 100 GRAMS OF SOIL ae

    

 

  
   
    

   

 1. Except for the addition of 20 ug of Sr** carrier, Steps 1
18 of the Sr®® °° orecedure are carried out exactly the sam
wey. Loe

2. Then the carvomts precipitate is dry, renove from the filt
paper and trenefer to a pyrex glass tray.

3. Place in a 100°C oven and dry overnight.

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

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

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

7. Yor full equilibriwm, allow a 0 day buildup, but shorter
buildup times are useable. Messure the radon in an iors
chamber radon counting apparatus.

This method of radon collection is relatively wmtried, but s
sample gave the following result,

g Ra per g¢ Soil

 

Senple Added Pourd

Soil Mo. 1b o : 5.2 x 197?
Spiked soil Mo. 1s 4.0 x 107 388. x 197?

m0 66
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ANALTTICAL DEVELOPMENT IN PROGRESS

 

The Instruments Brarmh of the Health and Safety Laboratory hasi been
developing a scintillation anti-coincidence counter for low larel
bets measurements. This is designed around a solution phosphar con
taining the active material in a volume of 5 to 10 ml. The prpble
has been worked on by three groups; the 4nelytical Branch devdloping
the method of obtaining the active material in solution, Profdssor
Kallaann of NTU working on the development of the optimum phosphor,
and the Instruments Branch working on the developat of ins
pontation..

  

  

 

   

The chemical operations were largely devoted to the separation of
T°? from the rediostrontius plue strontium carrier obtained if our
normpal chemical procedures. It was desirable to extract the [*
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 whifh
gave organic soluble compounds with Y also acted as quenchew for
the phosphor. This was true of TIA (thenoyl trifluorcacetong).
Other reagents such as oxine gave poor extraction coefficients.

Tributyl phosphate (TBP) has been used in the extraction of e
earths from very strong nitric acid solution. The resultingforganic
layers, however, were found to show very great quenching. is is
due to the presence of nitric acid which also extracts into
It was not possible to wash out the HNO,, as the Tf activity
removed in the process.

Br’ »

s also  

  

  

  

  
  

oy Extracting YT from saturated ammonium nitrate solutions with PEP
gave an organic layer which could be prepared as a good liquid
phosphor. The pulse heights obtained are equivalent to phosphors
prepared directly from TBP. Both 75% and 3% satureted amnariim
mitrate solutions alse gave good extrection results, allow
easier manipulation than if completely saturated.

This technique should allow the ready messurement of very lw levels
of Y°° ag carrier~free isotope, since the background of suc a scin-
téillation counter could be maintained at a low:level. This|proeced-
ure may also be used for determination of Ce*** which is ong of the
known non-fractionating fission products present in aged fallout
debris. The second development is the use of a comparatives logari-
thmic absorption plot for isotope identification. In this pfethod,
the logarithm of the relative activity of the unknown with Parious

  
   

  

aluminum absorbers is plotted against the logarithm of the relative
activity of a known isotape such as P**. The slope of the [resulting

ert G 7
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strait lins is a fumcticn of Wie beta enersy of the unimnown
isotope and the intercept of the line with the zero abserber
represents the relative amount of that isotope present in a
mixture.

The advantage of thie method lies in ita eppiicability to low
counting levels. This .s possible because the lings slope can
determined from light acsorbers rather than the heavy absorbe
required for Feather analyses. The method is in tentative us
for isotope characterization for mixtures of isotopes and sh
be applicable to determination of Sr°*/*° ratios.

a
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APPENDIX 5  

     

ESTIMATE OF COLLECTION EFFICIENCY OF FILTERS USED IN JET A   

rilter papers were placed in series during two flights. If we as
titers do not significantly discriminate according to particle siz
afficiency can be estimated as follows.

Let 8 2 fraction of activity retained on filter

CG = Activity in volume of air sampled

A, and A, = Activity collected by first and second
filters respectively

Then
4, = EC

Ay = (1-k)0

Rzle- é

The following data were obtained:

November 30, 1953

First filter in series 780 d/sin
Secon filter in series 60 d/sin

  
S Bra Si
x 2 .92

as December 15, 1953

a Firet filter in series 2070 d/min
#. Second filter in series 140 d/min

ns R=1- 10
2070

= 9
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APPENDIX C

Tabulation of Analytical Jesuits

Three tabulations of analytical data are collected in this
appendix. The first is the summary of results from the five
selected sites, the second is a series of samples obtained f£
ULA, and the third is a collection of miscellaneous analyses
during the period. While the results of the last two groups
not used in drawing the conclusions reached in this report,
values obtaine: are reported here for completeness.

The first group of samples from the five selected sites incl
analyses of sojl, arminal bone and vegetation for total radi
strontium, Sr°°, natural strontium, radium and exchangeable
calcium. These results were used in evaluating strontium a

radium uptake.

One group of samples was furnished by De. Kermit Larsen of
These materials from the Test Site and Almagordo showed only
fair correlation of bone/soil and piant/soil ratios. The Ja
soil has previously been shown by Dr. Larsen to have low a
ability of strontium, but the other fouw test site samples
be equivalent. Their bone/soil retios of 2.0; 1.4, 58, and

could not be fitted into the data from other sites, as avai
calcium analyses are not available.

The miscellaneous samples included many samples of arinal
human bone but comparable soil or food figures were not avai
for strontium uptake studies.
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ALBANY

Total 90
Radiostrontim Sr Natural &r 1

Type Sample d/m/ zg d/m/eg me/e a Case

SOTL

o~1" 0.16% .% 0.24 0.05 1 0,28
1-6"
6-12"

ANIMAL BONES

Calf
Rib 33.6% 1.3
Spine S542 1.é

g 33.95 0.8 2.12 9.) 1}
Hoof £.6= 0.8 ” 407

Woodshuck
Rib 1.9% 0,2 v61
Spine 3.52 0.2 O08 0S4

leg 2.65 0.2 209 108

LOGAN

Total
Radiostrontim  $r9° Natural Sr 7

Type Sample afme d/u/¢ ng/g (3 Ca >

SOTL

Q-1* 08% 0,2 208% 02 0 oo
1-6" 006% 0.02 9

O~1" 384 0.05 18% 02 9

VEGETATION

Grass 184 0.8

ANTAL BOWES

lamb
Jaw 4.64 0.5 Feo

Leg 6.15 0,5 0.55 9.1 - (/[-6
Rib S.3* 90,5 bea

“Tle
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as TIFTON

, Total
Radiostrontium  sr90 Natural Sr Ra 1

is. Type_Sample d/m/e d/m/e /g ae Ca-4

i: SOIL (Measured)
—- ——

* O-1" 0.924 202 C.8 1,25

1-6" Of .OS

- VEGETATION
Lk Pe
— Range Shrub 6.04 0.6

Cow Peas 2.54 0.5

Rative Grasses 15.7% 1.2

, ANIMAL BONES

° Calf
Spins
Ribs 14.54 0.9 8.63 0.6
Jaw 19,54 1.0 133 1.0

as Hoof

at? ITHACA
wh

co Total

a Radiostrontium S90 Mature] Sr 2
ai Type Semple a/n/g d/a/¢ ne/e a/ cats

TS tet SoTL
133 tf —__ |

ae 0-1" 0,03 0,02 ile 0.2
4 1-6" és
ea 6-12" 0,004 0,C3 1h?
They
ett. VEGETATION

mh tre Pasture Grass 16.03 4
~t¥ . 39.43 00€
a " 34,54 0.7 2.84 0.7

th ANIMAL BONES | .

Lamb
Leg 6,04 0.1 0.9% 05 0.18 .048

Rib 6.64 0,1 0.18 .075
Spine 6.14 0.1 0.16 035
Teeth 1.43 0.1
Jaw §.7s Q.1 0.20 20358

a23
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£ RUTCERS \

“ Total 0
Radiostrontium Sr? Natural Sr Ra 1

~ut type Sample a/a/s afo/e m/e e/g
aa SOIL

O-1" 0.044 02 1.4 0,23
1-6" Q.Co# .02 0.4

' 6-12" 1.1

ie tv ws - -
. ANIMAL BONES

¢.
: Lamb
. Spine 8.04 0.1 0.12 el

“, Ribs 2e4 0,05 1, 0% 0.7 0.12 e

WAS Teeth 3.44 0.4 0.10 .
* Jaw 7.2% 0.2 0.21 ol
", Hoof 8.44 0.2 6.77% .0§ 0.10 02
* Leg 7.62 0,05 0.12 e o

ye

’

fee

weak

1a

2

re Vote

.
a

a
a
,

*
'
S
k
5

r
e
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= UCLA SMPLBS

Racio~ 90
Date Strontiua Sr

Saaple Source Sampled fu/g dfa/e |

78 Soil Chupadera 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 9.8 0.2

82 Greenhowe plants * . &/52 3.8 0.7

83 Lab. rats . . 3/6z 0.3 0.6

84 Soil Test Site 10/52 5.4 0.2
(tS & BI)

85 Vegetation “oa 113.0 2.¢

86 Rabbit bones 7s | 11.0 1.0

87 Soil “Test Site 10/82 4.4 004
(TS)

88 Vegetation »s --

89 Rabbit bones "8 | 11.91.0 9.5] 2.3

90 Soil Test Site 6/53 0.2 0.04
(OK TS BJ)

91 Vegetation . 8 1.8 0.3

92 Rabbitbones "8 19.0 1.0 16.4 2.8

93 Soil Test Site 6/3 «9B. 0.3
a (Upshot)

- 94 Vegetation . . 24.0 0.3

95 Rabbit bones , A 327.0 8.5 48.0 12.0

as
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See UNC Nornal
stroatium Sr Sr Re

_Seaple Source d/a/g dm/esine ’e dAa/g

= 1 Calf; Rib Test Site 2,220.2. 5.57 0.078

seb" , Spine 8 Leta - 0,084

vg 3 Les ® 2.2202 | 0.54 0.004

“of SG ‘ Hoof 8 «2,620.2 _ 0.79 0.000

oc a 12 Calf, Soapula Cedar City  4.420.3 . ; a - -

2 be 11 Boe #1, Leg . 1020.2 | [“* 0.42

tal rn 3 #2, Leg ® 3.220.085 — | «36 1.01

a Yb 4 #6, Lee " §.$t0.3 Do : 0.008

itt a” 18 #4, lee . 2.320.5 «. 1.7

a ie i9 $6, Hoof ‘ Leg " 11.3 20.4 | 0.48 3.9

st te 15 $6, Leg 7 —16570.8 0.38 2.0

oe? Be 16 Lamb #1, Leg ° 0.4% 0.2 : - °

“42 ; 17 #2, lee , 9.3f0.1 - 0.54

. te 102 Calf ClarkCounty 53.0¢0.8  0.9850.1 |0.26 12.0

> 48 101 Bumen, Newborn =

=ss«

Utah 1.222. : :

“3 te 18 0 yr. male i * O.8tl.0 — . - -

2 te 136 sSyreuele 0.04 0.04 - - -

awe 137 | win oe  Lgtoe | -

=" we yreaaie> _ 4.25 0.4, | - -

Ue 139 1S yecmsle OU * L1to8 | - -

“ 4 children's teeth WE 0.020.132 0.10  0.02¢

ee 170 Human, Lab ekeieton 0.08#0.02 - -
“&: feaur |

-75-
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Radio- $0 sraal
strontius &r Sr Ra

Semple Source ify tha/¢ an/s ie

6 Whole milk St. George, 1.340.2 ° - 0.035
Utah

96 Powdered milk Starlas, 1953 0.52 0.04 0.2 70.1 086 0.115

97 . " Alba, 1953 0.8820.08 o.§t0.1 - -

153 . . Bordens, 1950 0.342 0.12 - - -

113 Human silk Syracuse 5.62 4.8 o ~ -

162 Urine Wowark, (milk 0.023.9/A - . ~
donor) &

187 Urine wre 0.01t0.6A - - -

155 Blood yw 0.7852 0.2/qt. -- - -

165 Cheese Rusania 0.04£0.01 - - -

166 . Yugos Llavia 0.042C6.01 « - -

167 Tap water gw 0.6820.02/1 - - -

lee

0

"CO 8% 0.9320.0c/1 - -

169 Distilled water rr 0.0620.04A - - -

171 Soil & Clam shells Long Island 0.01620.001 ~ - -

~76~

———_Sr
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(a)

()

(c)

- (a)

APPENDIX 3

NOTES ON ELECTROSTATIC PRECIPITATOR

By H. J. uiuiova

of Motion of Small Particles Subjected to a Porce

 

 
A small particle subjected to a force 4g accelerated thrpugh the mecis
in the surrounding space, the resulting motion through e particles of
the media results in a resistive force to the motion giwen by Stokes a3

R ® kdv «a (1)

Yor spheres k * 377. When the velocity through the medial is such
that the resistive force is equal to the accelerating f
acceleration will be sero resulting in a constant veloc
the terminal velocity.

For a spherical particle in a gravitational field

, . 1
P 3 mg; ni 4783p z z TB>p

The terminal velocity will remilt when

PF = Ror i 1rd Pp 8 317d vps

a @
ory © 18

Tf the perticle acquires an eleetrical charge and is in
trical f4eld the force on the particle will be

F = QE

The terminal velocity will then be

Qt

3774

For particles of a size approaching the mean free path

for the additional velocity caused by the particle acc

e, the
y terned

(2)

an elec-

(3)

of air

erating
molecuiss, a correction dus to Cunningham is required $ account

between impacts. This is given by

v * Yerokes Q + ky >»)

-77-
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For particles subjected to elsctrostatic and gravitational

 

 

 

 
 

 
 

orces
the welocity is the vector sum of the velocities given bv (7) and.
(3) corrected by equation (Ll).

[fe Laws Governing the Charging of Particles

Particles may acquire charges by passing rough a region containing ions
of a given sign either ty diffusion or field charging. In the fbrwer,
the mechanism is one of impingement of the particles with the due
to the kinetic energy of the gas, whereas in the latter the imp ent
4s assisted by the energy imparted by the electrostatic field.

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

a xt Tacwo
“+ (5 a} * (+ xt ) b

gives the number of electronic charges which will be acquiled by
@ particle of diameter d.

(>) For field charging, Peuthenier has given the following tion
as modified by Dallavale for a cylindrical electrostatic -
cipitator.

1. ky <1 a? g Wet ( )
——j | ti1 Me]

Although othershave asgumed that the particle will ecquifte the
sum of the charges given by both methods, it is felt that! con-
sidering the mechanisms involwed, the particle charge will be
given by the greater of the two effects. In any case, this
gives a mre conservative result.

(¢) Sleetrical considerstions of the charger.

Pauthenier has shown that the potential distribution in cylinder
with central co-axial wire changes fron logarithmic to a Pinssr
fanction as the corona current increases from sero, exc for &
small region around the wire. Under these conditions thq@ field
intensity will be given by

24
Es ky

-78~
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Figure 1: gives the electrical characteristics of the chatver at
various altitudes. The charger dimensiona ere &" long by 7.875"
diameter, having a wire of .012" diameter, WMeglecting endleffects

170 x 10-6 x30? at 100,000 rhet

 

 

 

    
   

 

  

 

oo rad a ia
— asa . 8 xz 2.Sk

*~eq »

6 giving a value of 2.62 x 104 () the mobility at
S sm.

a ae 100,000 feet = 600x (2

a)

. : ia(2.62 x- = 1.1 Esv.
600 x 2 x

273 * m

The actual observed voltage divided by the radial distance] from wire
to cylinder gives a figure agreeing within 20% of the calchlated

‘3) Mgure which for our purposes is sufficiently good.

Por equation (5), the fon density in the charging device required.
This can be calculated by assuming « linear potential di batien
as given by Pauthenier for this case.

If = = E is constant then the velocity of the ions is Ronstant

" and given by

* % 8 ky (2) 213 Be §.8.x 104 cn/se
" P 273

: the tire to treverme distance dr from the vire towa the

“ve eylinder is then

“yet dr
hs +~:=>

:) £: “4
pe. during this time a charge Q © it has filled al cn l of the
fo eylinder dr in “oe thickness. The vane of the cha density
3 iar
ve will then be poy opeae* TFET at a radi Pe

. t
a
e

a
a
e

Asguming particles entering at 1/2 cmM radius, then the lion
density No at this redius is

ug
e
y
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