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 This report summarizes the results to date of various invusti gations
undertaken by the Health and Safety Laboratory on Project GINS HWE.

The basic purpose of this report is to present new data on theldistribu-
tion of Strontium-90 and this, to the best of our ability, we ave dons,
However, data are only useful when they serve ag the basis forfinterpreta~
tions and conclusions. We are compelled to point out that theldata are
as yet relatively few and the conclusions muut therefore be regarded as
tentative, more so in some areas of the report than in others,

SOOPE OF WORK AND PRINCIPAL FINDINGS
 

The specific questions which the Laboratory attempted to ansver
mathods of study and the principal findings can be sunmarized

1. DO DATA FROM THE GIMMED PAPER NETVORK ENABLE A SATISFACTOUY
OF Sr89~90 FALLOUT TO THE EARTH'S SURFACE?

Methed of Study

Samples of soil from
five locations in the
United States wers
analyzed for radioactive
Strontium. The results
wero compared with the
amounts of radioactive

otrontium predicted by
our fallout measurements,

Principal Findinrs   
the

followss
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2. WHAT IS THE EFPICIENCY OF THE GUMMED PAPERS IN SEPARATING resrotare
FROM RAIN?

Method of Study
 

Suspensions of radio-
active iron were

prepared in the lab~
oratory and artificial
rain produced under
various conditions of
temperature, The ef-
fectiveness of the
gammed papers in sepa~
rating the iron particles
from the "rain" was

determined,

3. TO WHAT EXTENT IS THERE VARIABILITY IN THE FRACTIONS OF srf
IN BOMB DEBRIS?

Method of Study

Samples of fallout am
atmospheric dust from
various bursts were
analyzed for total activ~

ity and the two isotopes
of Sr.

Principal Findings
  

ried from 50%
of all parti-
evere rain-

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

AND 5r70

a
v

Principal Findings
 

Fallout during the weeks immediately following
a burst is deficient in both strontiuh isotopes,
Samples of both fallout and airborne @ust collected
towards the end of 1953, at which tim@ MIKE appears |
to have been the principal contributog, are enriched

in both isotopes.

 
viated from
ut in most

In some samples the measured sr89-90
theoretical by an order of magnitude,
cases by less than a factor of two,
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aoils from five pastures
in various parts of tha
United States were an-

Is. radium uptake similarly related to ionizable calciun

Method of Study

!

be 

Method of Study 

Bones from lambs dropped
in Spring '$3 and fed in
these pastures were

The above soil and bone

analyzed for radiostron-

Samples were analyzed
for radium,

alyzed for radiostron-~

tium.

tium and ionic calcium.
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ormeeere
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S. WHAT IS THE sr99~90 CONTENTS OF CALCIUM DERIVED FROM LAMB BONE,
FETAL BONE, COWS MILK AND HUMAN MILK IN THE NEW YORK MULKSHHD?

  

 

Method of Study Principal Finding

Analyses of material from Expressed as d/m/gm Ca, the 799-90 contant
various sources, varied as follows:

a/d/em Ca

Lamb Bone 7 ton t

Cow Milk 3.5L 069 to 604 4 069

Human Milk lof 7 to 20 +

Fetal Bone rt 625 te lo = 765

6, WHAT FRACTION OF THE DEBRIS ISSTORED IN THE ATMOSPHERE?

       
    

   

  

  

Method of Study Principal Findings

Atmosphere dust samples Data thus far suggests that apbreximately
were collected at alti- 1% of the fission product yielf is
tudes of 88,000, 40,000 uniformly mixed in the atmosph#re up to
and 200 feet, 88,000 feet with evidence that]an undefined

quantity of additional debris
detonation continues to exist

atmospheri¢ dust is considerably enriched
in both Sr9? and Sr90, About UB of the.
Sr90 yield is tentatively estimhted
to be stored in the lewer 100,0D0 fest
of the atmosphere,

   



7, IS THERE EVIDENCE OF "DRIP" OF DEBRIS STORED IN THE PPFER ATMOSPHERE
BY SUPER BONBS?  
 

 

Method of Study Principal ridtings

Analysis of samples from This problem has been made difficult
worldwide fallout network. by detonations in this cahntry and the_

USSR.Ifwe attribute what.|
is now in the atmosphere,| weekly
fallout in November-December 1953 was
approximately 0.1% of the|calculated
residual activity from this detonation.

The mean weekly fallout at] all stations
is continuing to diminish With a halflife
of perhaps one to two months.

MISCELLANEOUS HIGHLIGHTS  

 

   
  

a. Fallout zecoried by the worldwide nstiwerk, operated on
skeleton tasis between tests, was less than 1 d/m/25?/day if December.
The origin of the debris is in doutt but tha 89/90 ratio suggests
This rate of fallout 1s equivalent to .Cc% per weekof tha

total residual radioactivity.

2. Taking all our data inte censideration,we find we are umabiato__
account for more than 5% ofthe fission preduct yield from.
M Day to the present. A preliminary estimate, based on our
samples to date, indicate that present atmospheric storags,
cipitated, will contribute about as much Sr7U +o the earth -

is already present.
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hen pre-
rface as

  



. . + tee ype dee,a a Tht ab a “ti en J
ce come at a aunteae HAMELaAMM 4 dla + Hat had . aitdiea- ablaeecoERESS sat aa: ‘etl

t

ne _

AUALYPICAL FROGRHDURSS *®
  

   

         
     

   

  
    
      
     

  

   

  

 

  

  lysis for
variety cf
WAS neces
the count=

a methods
sampleso

Tho Zealth and Safety Laboratory SUNSIIIVS studies recuired ar
total radiostrontium, Sr°°, normal strontium. and radium ins
sample types, Where radicactive measurements wore involved i
sary that the chemical procedures produca samples suitable fo
ing equipment available in the laboratory. For this reason +
which were developed wera designed to handle relatively larze

  

  

In uptake studies, where relative values between different sa
taken in the same location were to be analyzed, the determina
radiostrontium was preferable becauss of the relatively high al
compared with Sr’? alone, In some cases, the main purpose of
required Sr9° determinations and, where necessary, this was do

le types
on of total

  

With the lower activity levels of Sr°° the confidence in the r
reduced as is shown by the counting errors ziven with each ana
result. It should be emphasized that the lower confidence is
matter of counting statistics and is not related to confidence
chemical methods used to prepera sampleso

  tium 411

eriancs

of

solutions,

ilters

requirad

The determination of total radiostrontium, Sr99° and normal stro
require separation of strontium fran the sample matrix, Cur 6x
indicates that the most satisfactory method is the presipitatio
strontium, with added carrier if necessary, from 753 nitric acd
This yields a cletn precipitation which is reedily eollected on
for counting of total radiostrontiwum or for the further treatmen
for Sr9° or normal strontiun detormination, Different sample ty
quire different treatments to prepares them for this ssparation 3
majority of our samples could te classified as soil, sons, veset
Liquids (milk, water, urine and the like). The pralininary separ
are solution of the sample and collection of the strontium ami :
materials and their sonversion to nitrates, The nitrate separati
then carried out in a volume of nitric acid appropriate to the te
quantity of nitrates obtained, Two nitrate separations ara alway

  

  

stroutium. This precipitate may then be analyzed fer its Sr?
Sy measurement of the y90 daughter in equilibrium with the Sr39,
allowing the yield to build up in the nitrate precinitate, which
aoproximately 12 davs, 0 may be semarated Sy an ammonicm orircxi
yrecicitation with lacthacium carries, This rowsipitacte is irlisbet =

x
e NE” oe gay a” ee wetiee
_— nm= ee ee ee.=

« The details of all the analytical precedures used in obtaining Fesults
for this report are tiven in Appendix A,

Ee  



Toth $259 and TSO are measured dy beta countins, The preeit
sollectad on 1-1/8 inch paper or glass filters, The filters
on Tracerlab brass ringeandedise holders, and covaread with d
film. This shows negligible absorption and prevents contami
loss of samples during handling.

-
batan :

oe

a

 Counting is performed with 1 inch diameter Anton flat haloge
tubes moumted in simple lead castles, The background counti
these counters is maintained at six counts per minute and th
at about 15=20%, Higher efficiencies could be obtained but
sidered to be necessary, The counters are standardized wit
carbonate mounted on the same holders, A 0,200 gram quantity
carbonate which should show 163 d/min (from the K+ content)
counting rates for standardization,

aaysates ra

are no wmted

O01 plio=
nation and

=fillead GM.

- rate of
efficiencies

re not cone

potassium

of potassium
rives suitable

 The counting times were of the order of 50 minutas for backer
ard all rasults are raported with the standard deviasions cal

und and samples
ulated for  

the error of the sample when the background error is taken info account.
Figures 1 to 3 show the es values for background conting rate
8 o/min and counting times of 30, 60 and 120 minutes where th
backeround counting times are equal, (In ow normal work, 2s
used, but in this report, the ls deviations are reported to c
ceneral usage).

y90 samples are followed for decay for identification purpose
aotivity, if any, is subtracted from the total Y, YO disint
are determined by extrapolation back to the time of saparatio

Sr90 parent but are not corrected for self-absorption ty the
identification is possible by absorption measurements when th
sufficiently aotive.

Some samples were analyzed for normal strontium in order to s
Saks by plants and animals.

of 4, 6 and

sample and
lues ars

orm with

 

   

 

  

  

stand residual
eafration rates

nifrom the

sample, Further
© fample is

tufy the up=
Tho nitrate procedure is used for fhe separation

of strontium from massive amounts of caloiium and other elsoments Strontium

carrior carmot, of course, be used in this procedure but it hasbeen found

possible to obtain good recoveries with a barium carrier, Th
precipitate is dissolved and analyzed for strontium with the

Radium analyses were run on many of the samples. Ali samples
were analyzed by the standard method of co~precipitation of the
with barium sulphate and alpha counting. This treatment is n

Lonization chambers.

ewer methods of analyses are in the development stage tut have
used on any of the samples reported in this paper as it was felt |
standardization was vary important where many results are to be c
with one another. As noted earlier, the complete anal:tical
are given in Appendix A,
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THE HEALTH AND SAFETY LABORATORY SUNSHINE EXPERIMENT

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

Our choice of exnrriments were influenced by the ultimate objpctives of
both SUNSHINE and GABRIEL, and the state of knowledge as reviBwed at ths
Rand Conference in early Summer 1953 (5). Our studies can bel presented
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 stfrontiun.

4. Atmospheric storage of debris from super bombs.

Validity of Data From the Monitoring Network

Comparison of Predicted and Measured
Concentrations of Radiostrontium in Seil  

  

 

    
  

  

  

  

  
   

Soils from five selected areas in the United States re analyzed
for strontium 89-90, The predicted Sr89-90 concentration in
from 0.0067 to 0.26 d/min/gm soil, a factor of LO.

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

at network

pled. The
and strontium?
been constructed

The radiostrontium content of the soil was estimated by ass
density to be 1.5 and all of the activity to be contained in
inch of soil. Where radiochemical analyses showed radiostro
of soil below Q-1", this activity was added to the measured
to one inch in order to make the results comparable.

alue from zare

Table 2 and Rdeure l summarize the comparison of predicted measured
values of Sr°9-90 in soils from five places in the United Sthtes,

The measured values in the soils were from 100 to SOS of th® predicted
concentration of radiostrontium, In view of the many uncerthinties inherert
in both fallout and soil sampling we regard these results as] somewhat
fortuitous but, nevertheless, encouraging. A more extensive sampling program
seems justified,

 
 

 



TABLE 4  
ESTIMATED CONTRIBUTION OF sr&9*?¢ to SOIL AT SAMPLING Looardrres

 

 

  
 

 

  

Location Test Fallout Fissicn
of Pasture Series Stations Products troentium

(i/m/tt *) , 8¢
on 1/1/35! d/m/242)}

Logan,

tah Bu Salt Lake City 2? 2th -
TS " 4Oz0 Oh ub
IVY " 93 248 —1ek
UK " 9000 Ls = 620

Totals 235000 290 630

Ithaca.

TS Binghamton & Oswego

(Average of 2) 250 62 25

IVY Binghamton 120 \ 18
UK Binghamton _50 __h 25 565

Totals 500 73 ch

Albany,
N. Y. BJ Hartford & Burlington

(Average cf 2 75 ~

TS Albany Lid -
IVY Bingramton, Rochester &

New York City
{Average of 3) 159 -

UK Albany u9E0 356
Totais 5600 25C

teers,

N. Je BJ New York City 80 -
TS " ic oll
IVY " 120 1.8
UK " 110 Ter

Totals TCO a9
Tifton,

Gae BJ Atlanta, Tallahassee & Montgomery |
(Average of 3) 35 4.1 =

TS Atarta, Tallahassee & Mortgomery ]
(Average of 3) 150 7° -

IVY Atlanta & Jacksonville
(Average of 2) 1006 4.0 1.5

UK Atdanta, Jacksonville & Morsgcmery
(Average of 3) 100 ig

Totals uo 13 3.5

- ae =

 



TABLE 2

 

 

COMPARISON OF PREDICTED AND MEASURED VALUES oF sr°?7%° tw sot

Predicted Measured Measured
Place (d/m/gm) (d/m/gm) Predicsed

Tifton, Ga. 0.0067 0.020 3.0

Rutgers, Ne Js 0.013 0.07 5h

Ithaca, N. Y. 0.028 0.03 Le

Albany, N. Y. 212 0.16 1.3

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

one mii

Gd 28 d/min/zm.

Retention by Gummed Films of Particulates in
oimilated Rain
 

d films

rst began

8 demondtrated

and more reprs=
co1iecuan

been availabls

An experiment was designed to measure the rention by
of radioactive particulates suspended in raindrops, When we f
to use gummed sampling media in our fallout studies, field tas
that the activity collected by gummed paper was comparable +0,
ducible than the results obtained using trays desimgmed for to
of the rain water. However, reliable controlled data have no
previously, The following procedure was adopted:

Normal radioactive debris was simulated by finely divided pilsef irradiated
iron having a mass median diameter of 3A. To suspend the iro
a few milligrams were added to two liters of distilled water

Particle size control over the suspended particulates was obt
alutriation of the original suspension. At a given time, 700
at the top of the cylinder was decanted into a sprinkling arr
(Figure 5) which provides for continued agitation of the suspe
the sample enters a capillary tube from which droplets are perpi
fall to the gummed film. Under the conditions reported here,
of "rainfall" was 1" per hour. The retention of the gummed fi
expressed as the percentage of suspended activity recovered by

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

alculated,
From this
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
Similar tests at lower rainfall rates are being planned out ha

yet gotten under way.

conditions

and at

f the films.

Experiments to determine the effect of 24 hours of temperature
of the gummed papers are given in Table 3. Conditioning at 5°
85°C do not appear to significantly influence the retentivity

In order to datermine if the iron was going into solution, s
suspensions of various ages were passed through a Millipore fi
Essentially 100% of the activity was recovered on the filters,] indicating
that solubility is not a factor in the above procedure.
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Sample No.

EFFECT CF TEMPERATURE CONDITIONING
OF GUMMED PAPER

Gum, Paper
Retention

2

96

97

96

UNCLASSEFIZD

PABLE 5

 

Time of Final

Biutriation

oO
o

©

60 min

69 min

50 min

50 min

60 rin

noo.

UNCLASSI FTED

Temp. Conditipbning of
Film for Fast 2h hours

 

reem tenpPrature

room temperaturs

= 5°q

- 504

75°C

75°q

room temperature

reom temp

= seq

= 5°

= 5%

85°C

65%

85°C
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Fractionation of Radicstrontuin in Bem Catirss

a] ~” 3 a4

Che two radioisotopes of strontium, Sr“? and Sr°* are chiefly
the decay of primary fission vroducts according to ths schemes,

vw. O 90 1.90
Kr ) Rb -.' Se 3

3s Shorts “35 a

Kr89 sg Roo? sg sr89 ag
oad Tm 15,4 m ooo ¥

It is therefore possible that the bulk of the radiostrontium

ay xs 3
iprmea cy

y not be
produced until the firebali has scoled below tha solidifying ppint of
the fallout debris. If this i3 true, the relative amount of SEF ov Sp90
in the close-in fallout should not be as greet as would be preBicted
from fission yields, and shouldalso ba quite variable... This
confirmed by measurements (Sr85*9O475% ratios) and by
most of the results of our owm analyses, oe

The extreme variability of our initial radicstrontium results
out samples led us to question the precision of cur chemical
As a test, three samples of finely powderad Jangleite were r

  

 

has_bdeen._.

wee

for faile

theds 3

ty the

 
. = 4s ? .

same chemical procedure, The relative Sr~- activity was found to de
206, 2.1 and 2.1%, compared with the theoretical value of 5,5)

This discrepancy may be possibly accounted for by considering
of the initial activity was induced, rather than fission prod
In any cass, the orecision of measurement is raasonable and i
that the variability of falleut radiostrontium is real,

The fallout samples run for radiostrontiimm wera taken from ou

decay samples from Tumbler-Snapper, Ivy and Upshot~Knothols,
sults, along with the theoretical radjostrontium values from
Ballou are given in Tables 4-6,

Table 4

TUMBLER:SNAPPER FALLOUT
(airborne Dust)
 

 

that soma

met aActivitye
dicatas

ro stock of
nm

Lhas9g ras

Eunter and

 

Location Date Initial d/m geS999 OF ny %

Hanksville, U 5/26/52 137 906 7,0
108 847 a, t

74, 963 ley?

106 16 15,1
114 12. 10,5
120 569 4,8

averarce 967
Theoretical BO 

  



   

(This is the only series that snows higher inaacuread radiastrongzum miles
than predi eted by the Hunter and Ballou curves}J

Tabie 5

IVY FALLOUT (Gummei Paper), yoyember 1952
 

 

 
Location Oe Initial d/n Sr599904fn So

Guam 1995 12,8 q.s4
562 Sel G. 58

37§ 1455 Boe
375 7 4 2

Iwe Jima 213) 3f q.2
184 $62 4,3

Luzon | 1700 953 055
724 85 lhoi

Averare 05
——— Theoretical . oo

Tabie 6
 

UPSHOT=KNOTHCLS FALLOUT (Airborne Dust )
 

  

o¢ a

Lecation Date Initial d/m gr09 90ata %

Winslow, Ariz. 4/19/53 2,'789 125 309
4,155 81 159

Grand Jumction,
Colorado 5/20/53 38,800 822 Zo1

Prescott, Ariz. 5/25/53 4.990 406 86%

Cortez, Colorado 6/5/53 7,960 719 940

Average 560
Theoretical 8,8

Following the Upshot»Knothols serias, a skeleton monitoring network was
maintained by NYO to take gummed paper samples, The sampleq from this
network were pooled in groups and run for radiostrontium, 6 results

>»

per gram of dust are given in Tabla 7,

 
  



Table 7

No, of Date Initial Total Sr
 

 

 

  

Samples Processed d/m/erm -  d/m/erm % sq?Oa/m sr?°/er9
i

| 119 8/21/53 5542 0.6 lel 0.3 1.0

! 120 9/2/53 61.2 7.9 13 346 0.8

121 9/3/53 96.3 104 --1 3 005

122 9/6/53 195 1.2 0.6 1.6 oo

123 9/7/53 250 567 2.3 269 1.0

124 9/10/53 224 6.8 3,0 -- ~

125 10/19/53 127 10.2 8.0 3el 0.4

126 11/4/53 100 6.4 64 R1 -—

Average 4.9 0.7

Three samples each from the Ivy and Upshot-Knothole groups Jeported in the
previous tables were analyzed for Sr9%, These results are fhown in Table 8,

Table 8

Series Date Looation Sr ®9 45790 pr90 sr99/sr89

| Ivy 11/52 Iowa Jima 32 447 0.90
: 11/52 Luzon 39 6.5 0.77
: 11 /52 Guam 61 42 0.68

! Upshot= 5/25/53 Grand Junction 104 16.5 0,19
| Knothole ae Presoott 119 26.8 0,29
| 6/5/53 Cortez 123 25.6 0.26

The 90/89 ratios predicted from the data of Hunter and BalJou would be
1.4 for Ivy and 0.18 for Upshot-Knothole,    



 

 

 
 

#73 ot wnat 9

Date hetieity S739 ag799: % gr89°90 vy grPCfonO?

8/27 4,800 d/m 3,560 74 32: 0.12

11/30 2974 afm 272 99 6 0.23

12/8 35,800 d/m 36,500 as 124 0,08

12/15 1,460 d/n 935 33 23 0.31

   

  
  

 

     

  

pcember 213-
‘iostrontium.,
ch higherthan

_

Air samples collected on the roof at NYO during the week of
showed an average of 0,08 a/n/m, of which 0,02 d/m/n was7
The strontium percentage, as for the .aircraft samples, was x
expected. | a

 
Sm oe —eet

A l2epallo stainless steel pot was used to collect accumulaqed rainfall
and dry fallout on the roof at NYO during the period of JulyJisSth to

December 23rd of 1480 d/min,. of which 745 d/min. wera radiofktrontiun.
Again the strontium pertantage is higher than expected,

a lover
after

detonation show a relatively high radiostrontium content. Sines the ren
cent high altitude measurements give the highest strontium pareentage.
as will be discussed, it is probabis that fractionation has occurred,
The late formation of Sr?” and sr°? compared to the life of [the fire-
ball make it possible that they are more highly dispersed, [Tne early
fallout is deficient in radiostrontium, since the smaller particles re=
main suspended, while the iater fallout and partisularly *th@ material
stored in the upper atmospheres scntains an excass,

The analyses of samples taken during ths test period indicat
racdiostrontium content than expected, while those talen well

=|

 
The sr90/gp89 ratios are quite constant for a given time sifice detonation,
as shown in Table 8. However for mixed fallout from mors than one serias
the Sr? /sr89 ratio can probably be used only as an approxifration of the
relative amount of material from each series.

The net effeot of fractionation appears to be minimal, As froted earlisr,
the Sr°9"90 measured in soil is in good acreement with the pradicted activi=
ty, based on measurements of total fallout in the area and Ithe theoretical
contribution of Sr°’"’™,

Of interest; is the comparison of 89/90 measured in bone w#th the ratio
predicted in soil, The latter is based on fallout measurements, and takes
the age of the fallout into consideration. As seen in Ficuge 7, the ratio
in bone is higher than predicted bv a factor of about 2,
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  Studies of Factors Involved in the Biological
Uptake of Radiostrontium
   

 

  
  

     
     

   

   
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  

      
    

     

   

     
 
     

     
 
  

 Identification of the properties of soil which influence the

radiostrontium by biological systems is & prerequisite to und
the significance of the deposition of radiostrontium in soil,

Dependence of sr89~90 Uptake on Soil Caleium
 

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

or radioce

relation=

If, as the Beltsville experiment suggests, the radiostrontium Fontent of
plants is dependent not alone on the amount of radiostrontium fi
soil, but on exchangeable calcium as well, a correlation shou
betveen exchangeable calcium and the ratio of Sr?9°90 in live
to Sr89-90 in soil from which their food is derived.

To test this hypothesis, soils from five pastures in various
the United States wore analyzed for radiostrontium and exchan
calcium. Three lembs and two calves that had spent their ent
time in these pastures were sacrificed and samples of sk9 leto
Figure 8 is a presentation of our data in the form sr89"90 in
in soil versus the reciprocal of exchangeable calsium. These
the form which would be predictable from the Beltsville exper
a linear regression with a slope of 529 was obtained. Becaus
few data, a curve through the points in this figure is not sh

ever, a jJeast squares fit of the data gives a slope of 760 wh
fair agreement with the Beltsville data considering the few o
we have and the possible differences between field and laboratpry conditions,

In order to emphasize the importance of the exchangeabls calei as a
yaraneter in the relationship between bone and soil radiostro
9 presents bone radiostrontium versus soil radiostrontium,
presented are not so orderly as in comparison with Figure 8.

data thus

Dependence of Ra Uptake on Soil Calcium

Ifa similar dependence on exchangeable caloium could pe demon»
strated for natural radium, we would have a useful tool for a
the significance of radiostrontium deposition in soils. The
world wide Ra in soil is kmown to 4 first approximtion and c
determined if need be. The relationship of this deposition +
human bone has been 'mder study for some time, Our knowledge
bio radium equilibrium could be used to estimate the ultimate

radiostrontiume

be better

radium in

m ve sh =
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 This laboratory, working in conjunction with the Beltsville gro

order to further explore this possibility, the soils from five
were analyzed for radium, as were the bones of the livestock,
obtained are plotted in Figure 10. Radium determinations could|Jnot be
completed on the Tifton samples because these arrived too late
build up of daughter product activity following separation of +}
228. The four ratios obtained when plotted against reciprocal
calcium do not show as clear a linear regression as was true fo
This may be due to the fact that radium does not behave as stro
or to analytical difficulty with the low radium concentrations
The results are not completely discouraging and further work se

  
   

   

 

   

   
  

 

strontium.

ium does,

soile

jndicated,

Comparison of Radiostrontium in Various
Biological Materials
 

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

in doubt

fe con=

in the

Table 10 summarizes the results of analysis of these mterials. [It will
be noted that the Sr°9799 activity when expressed in d/min/gm of fFalcium
are of the same order,

This is again a test of the constancy of the calciumsradiostrontibm ratio
in caloium obtained from various places in the biological feeding chain.
These samples have in common the faot that in one way or another he
caloium was derived via vegetation, the calciwmsradiostrontium ragkio of
which was determined by the cumulative fallout in the geographical area
and the exchangeable calciwn of the soil. A more liberal samplink pro-
gram and a more careful study of the dietary habits of humans in fhe
area studied seem indicated,
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Type Sarple

Cow Milk

(powdered )

(whole)

Lamb Bone

Human Milk

Fetal Bone

TABLE 10

COMPARISON OF Sr99~99 qn
VARIOUSMILKANDBONESAMPLES

Source

 

Starlac

Alba

NYC

NYC

NYC

Rutgers

Tthaca

Newark

Newark

N. Y.

Date

 

1953

1953

9/30/53

12/6/53

12/22/53

10/53

10/53

12/2/53

12/16/53

 

S09=90

G7nJem Ca mf

he2+ 0.83 5.p + 1.0

369 + 0.83 uf = 1,0

562 = 0.58 6.B * 0.7

6-4 = 0.92 7d? + 1.1

hel + 0.12 Up + 1b

li +

7

20 +9 54 =. 26

10 +7 345 = 2.5

10 = 7.5

L + 425
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Atmospheric Storage of Strontium

The atmosphere has been sampled at various altitudes to estimate |. Sr70
presently stored in suspended form.

Methods of Sampling  

   

  
   

    
   

 

   

   

    

 

   

  

 

  
  

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

12/21 - 28/53.

Tropopause (35 - 42,000 feet) -= The region of the tropop
been sampled by a aircralt equipped with celluloses filters. Dup
cate samples are collected at a flow of approximately 6000 cubic
minute, The efficiency of collection of the filter paper appears
the range 90-95% (Appendix B ). Four flights have been completed

 

Stratosphere (lO - 100,000 feet}-- It was necessary for tre Laboratory
to design and ctuild special equipment for sampling in this region[of the
atmosphere from which dust had not previously been collected.

Although many devices are available for dust sampling in the lower atmosphere,
the problems presented in the sampling at 100,000 feet make these Hevices
entirely unsuitable. Preliminary calculations based on the best dstimates of
expected concentration of activity set the requirement of volume air to be
Sampled at approximately 1000 cubic meters. Since the only practikal means of
attaining this altitude is by means of non-extensible helium filled balloons,
consideration of weight of the sampler and its self-contained power supply
were of great import. These factors in addition to the great reduction in
air pressure and temperature at this altitude prompted the investigation of
electrostatic precipitation for the solution of this problem.

The most inviting feature of the electrostatic precipitator is tha free
passage of air through the device without restriction allowing tha greatest
air moving efficiency. At these altitudes, the ease of producing
tion without the use of excessively high voltages greatly reduces
quirements in the charging device,

orona ioniza-

he power re=

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

Figure 11 illustrates the basic features of the device. It consisks of four
sections of 4" 0.D. by 1/16" wall aluminum tubing each 13" long. [he first
section contains an insert 8" long reducing the inner diameter to P.785%,
A nichrome wire .012" in diameter is supported on an insulator andj runs centrally
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along the axis to the second section. Corona is produced at the fire within
the 8" long insert.

The second and third sections have an inside diameter of 3.875"
central axial electrode 1.25" in diameter, The corona wire enter
spherical end of this electrode and is maintained taut by means o
spring, The high voltage supply connects to this electrode (and
through a suitable insulator. This dimensional configuration was
that no corona is produced except in the wire section.

d contain a

the hemi-

an internal
he wire)
selected so

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

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

by a small
ions of the

le is collected.

The high voltage power supply uses a “vitran" (vibrator—transform
at a primary voltage of 4.5 volts, The no-load rectified and fil
voltage of this device is approximately 2750 volts and it delive
operating conditions about 170 faa at 1450 volts, This unit toget
2u hour electrical impulse timer are contained im apressurized c
(3 atmospheres air). The circuit used is extremely simple (Figur
cam on the timer operates two sets of two switches in accordancs
settings. The first cam is set to close switches B and Bl after
ascent has elapsed, (Normally 2 hours). These switches actuate th
opening the valves, turning on the high voltage and starting the
the set sampling time (6 hours) at altitude has elapsed, the no
switches A and Al are actuated, turning off the timer and power s
causing the valves to close (through a back contact on the switch
blower is also turned off by switch Al, A back contact on the bla
may be used for cutting down the balloon load.

) operating
red D.C,

under normal

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

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

iding 12 volts
) the blower
100 cfm

set of

The batteries and pressurized container are housed in an insulateq aluminun
container. The prsecipitator assembly is spring mounted in a sepagate aluminum
angle frame. The entire assembly including batteries and cables Weighs approxi-
mately 35 pounds.

Calculations indicate that within the range of dust particle sizeq of interest,
-05 to 10m, the unit is 100% efficient. Due to the lack of time efficiency
tests have not yet been made on this unit. Preparations are now deing made to
perform these tests under simulated conditions, The theory of eldctrostatic
precipitation and calculations based on this unit are contained iq AppendixD .
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To date, only one sample from 1000 cubic meters of air at 88,000 feet has

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

Sampling Results

The results of atmospheric sampling to date are given in tabi ii.
It will be noted that except for two of the four aircraftflights,|

the concentrations reported are remarkably uniform,

The value of 0.06 d/min/M? from the single 88,000 ft. sample compares favorably
with the samples collected at roof level (mean 0.08 d/m/M?, range .OUu4.12 d/m/M3).
Neglecting the two high values from the jet flights, the remaining tw

average .07 d/min/W-’.
samples

   



 

CONCENTRATION OF FISSION PRODUCTS IN ATR AT VARIOUS ALT

TABLE 12

 

 

Date

and

Place

8/27/53
(Calif. )

11/30/53
(NoM. )

12/8/53
(NoM.)

12/8/53tae
12/15/53
(N.M.)

12/21/53
(N.Y.)

12/22/53
(N.Y.)

12/23/53
(N.Y.)

12/eu - 28/53
(N.Y.)

 

titude

(feet)

40,0C0

39,500

88,000

35,000

Oo, 300

200

200

200

200

  

 

DES

Time of Number Mathod
Sampling of of 3
(hours) Samples Collection d/min/M

075 2 _Witers on 1.2, 1.9
Aircraft

2.0 2 " 0.04, 0.03

6.0 i Electrostatic 0.06
Precipitator

200 2 Filters on 1.9, 1.7
Aircraft

2.0 2 " 0.09, 0.12

19 i Hi-Vol. (MSA Comfo) [0.09

eh, 2 " DOL, 0.0L

2k, 2 % fa 0.12

$6 2 ft qg.08, 9.07
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Altitude

88,000!

35=40,000°

200!

TABLE 12

RADIOSTRONTIUM CONTENT OF AIR SAMPLES

 

 

gr99-90 sr99 sr
Date (Parcent)

12/8/53 39% - =

8/27/53 7 66 8

11/30/53 99 75 24

12/8/53 te) 42 4

12/15/53 63 48 15

12/21-28 25

  

 84/90

 



  

wae

Evidences of Atmospheric Sterage in Fallout Data
  In Figure 13 are plotted the mean daily fallout, during the latter half of
1953, at 24 stations operated in various parts of the world. The individual
data ought to be found in Table 13.

The rate of failout in late Jun2 is largely from UPSHOT-KNOTHO The sharp
rise in late August is vrobably due to foreign tests. It will be noted that the
sharp decline wnich began in mid-September avcpears to be continujng in late

October, ee

Further studies will be required in order to satisfactorily identity the
test series that contribute to this lw level depesition. As nofed earlier,
the recent debris is considerably enriched in doth isotepes of s4rontium
and the graduai accretion of these isotopes curing the coming mogtns is
likely to be larger in amount taan the strontium that has been ddposited

up to the present time,

Estimate of AitureFallout, Based on Atmospheric Samples
 

Based on the few data available, we would estimate the activity oF the atmo-
sphere up to 100,000 feet to be of the order of .06 d/min/m3 (.00B d/min/ft3).

Approximately 10% of this activity appears to be 3r79, If all of |thiz acti-
vity is to be deposited on the sarth’s surface in a time which isl]short in
relation to the half life of Sr?%» the deposition would de of thelorder of
20 d/min/sq. ft. This is an amount whish is equavaiens to the sr40 detosited
by ali detonations up to the present in most of the United States,

ney .
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CENERAL CONCLUSIONS

We believe our most Significant findings ares

1. Ths dependence of radiostrontium uptake on soil calcium.

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

3, Our inability to account for the bulk of the debris from Ivy. 4, The absence of gross fractionation of either $r99 or Sr90 in
analyzed,

The data provide a tentative measure of the significance of Sr70

  

  

nuclear detonations to date. What would we find a few years hence if
there were no intervening detonations? Milk being the principal Bourca
of human Ca, we have estimated the rate at which Sr90 would be debleted
from soil, assuming the availability remains as it is. Appendix discusses

half life from soil can vary widely in pastures that feed milk cops: 1.5 to
4.5 years for fields from which cowpeas are cropped continuously
to cows that feed elsewhere, and 170 years for pastures in which the cows
feed, The bulk of the Sr70 in Case I is transferred to fields ma
cows fed by cowpeas grown elsewhers. Hare is an axample of one p

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

6 d/m/gm Ca is a representative figure for 5r89-50 of which about 1.5 d/m
is Sr7¥, This compares with 870 d/m/gm Ca at tolerance (1 pe in 47 Ke
skeleton containing 36% Ca). The ratio of the obsarved activity tb the
tolerance activity is thus approximately... Potential deposition of
material now stored in the atmosphere onglYy easily double this fig
Thus, we can tentatively conclude that if the Sr™ in soil is not epleted

  
   
 

with the soil (as seems to be the case}, a skeleton which begins +@ develop
at this time would be expected to contain _l of the tolerance burden. This
burden will diminish slowly with radioact isWdecay but can be markedly
reduced by a shift in the equilibrium between soil and biological falcium

 
  



 

RECOMMENDATIONS FOR FUTURE STUDY

  

  
   

 
1. Studies in the five pastures should be continued. An ad@itional
pasture or two having intermediate values of soil calcium sh@uld be

included in these studies.

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

3. The program of atmospheric sampling should be expanded:

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

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

c. Samples of the filters from aircraft angaged in daily Eintel-
ligence flights should be made available to the Atomic] Energy
Commission.

d. The filter equipped aircragt assignedto Eniwetok should|be used
te collect samples in that region prior to CASTLE.  

4, The milk and water supplies from 2 or 3 selected communitids in the
United States should be analyzed weekly for Sr90, This data sHould bs
correlated with periodic pooled samples of urine and bene.

S. The world-wide monitor network should continue intact for least
a year following CASTLE. Collection should be on a weekly rathbr than
daily basis beginning about 30 days after conclusion of the opefation.

6, The tumor producing burden of Sr70 in livestock should be determined.

7. Better measurements than are now available should be made o¥ the

long lived alpha activities of bomb debris.

~ kl -k2-
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APPENDIZ A

ANALTTICALPRCCEDIRES.  The analytical methods used for determining total radiostronthim,

total strontium, Sr*° and radium are given in detail in this
apnendix. The majority of the samples encountered were bone,| soil,
vegetation and foeds. Where different orocedures are require for
handling these different types of samoles, the methods are gifen
separately.

The actual methods are orefaced by charts for determining the
theoretical contribution of radiostrontium to total fission pmpduct
activity and the S5r7°/5r®* activity ratio as a function of ti
gince burst. -

The methods reported are those actually used in the analyses shown
in this report, but a summary of analytical develcpments in prgeress
is given at the end of this appendix.

A1-
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CHARTS FCR STRONTIUM IN MIXED FISSICN FRCDUCTS

~ . 3 = .

ina given samole containing the fissicn orsducsts of Puoor rsh
.; 9 Oo
is necessary to have a theoretical measure of the (Sr? + Sr? W
(total fission activity) ratic as a functicn of time.

c
r

Hunter end Ballou have Gerived aonrcximate exrressions for tetra!

fissicn croduct activity as a functicn cf time. If it is excredced
in minutes, these equations are:

A(t) = (156000)t7*:*° Lday $4 < 4 days
! rat - 203 7 .A(t) = (200 )t7* i days < t < 100 davs

' a2 +5 - «60

A(t) = (2=1éx10°)+7> 100 days ¢ b < 3 vears

At 130 days after burst time, Sr°? and Sr°° ccntribute 10% and 7. BS%
respectively to fission croduct activity. The ratio ta fir

A

any time is then calculated from the Sr half lives and the Ait)
formulae. This ratio has been rictted inn Fiz. Awl.

With a knowledge of the nercent eontribution of each Sr isotove 4h
total activity, the cisintesraticn rates of Sr°9 and Sr®? at any
time are readily obtained using the A(t) data. The ratic cf Sr7°
Sr®? has been clotted from 1-1000 days in this manner in Fig. S=2h
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UNCLASSIFIED

NALYTICAL PRCCEDURE FOR TEE SEPARATION OF
nortt RDIOSTROMTTIM FROM =< $2425 OF ROME ASH.

Ash the tone sample in nickel crucible at 900° C

Grind in a mortar to a fine sender.

Weigh out 5 grams into a 250 ml centrifuge bottle.

Add 4h ml cf water and then slowly add 154 ml of 90% nitric
acid to bring concentration te 75% HNO3.

Add 20 mg of Sr carrier (as Sr(NO3)a) in 2 ml of solution.

Stir rapidly for thirty minutes. (Mechanically)

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

Decant, dissolve the precivitate in 23 ml of water and t

to a 25C ml beaker, add slowly 77 ml of 90% HNC, and stir
mechanically for thirty minutes.

Filter through a fluorothene funnel on to a elass fiber filt
Transfer the funnel to a clean filter flask and wash the aci
from the precipitate with anhydreus ethyl ether.

Place the filter caver on a brass disc-and=ring assembly
(Tracerlab), cover with 0.001 inch nliofilm and J count.

Note:
The fluorothene funnels are a modification cf the Tracer

tainless steel funnel, designed for oreva ring preciritates
sounti ng on filter vaner. The glass ficer filters are avail:

from H, Reeve Angel and Co., Inc., $2 Duane Street , New Yark
N, ¥., as catalog number X+-9 3u-AH Trav gre more retentive

oaper filters and imservious to 73% HNO3.

Am3
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One of the standard methods for separating strontium from falciun
and many other metals is the precipitation of strontium in|strong
mitric acid. By the addition of carrier strontium, this mqthod has 
been adapted to the determination of radiostrentium.

Commercial concentrated nitric acid is anoroximately 70% HND.. This

may be strengthened by the addition of the fuming acid, andjit is
found that strontium, barium and lead are relatively more iftsoluble
in the stronger acid. Other nitrates also become more insoluble as
the HNO, concentration is increased, so that the selection 4#f the

strength to be used is a compromise. Based on experiments, |a 75%
HNO, was selected.

In the analyses made here, 20 mg cf carrier strontium is ad
each samole before starting the procedure. This may be an e

d to

ces~

Sive quantity, but this amount of carrier can be tolerated ih beta
counting. Also, a large excess is helpful when dealing with
ately soluble precipitates such as the strontium salts used. The three factors in the nitrate separation of strontiim from
ash} amount of sample, concentration of acid, and volume of

moder~

bone

id

were tested with a factorial experiment. All samples were snolked
with the same amount of Sr®?~Y°° and 20 mg of strontium carrifr.
A double nitrate precivitation.was made and the strontium col
as carbonate for counting. (The use of polyethylene funnels }
now eliminated the carbonate gathering step.) The results ard
shown in Table A=#l and the statistical analysis of the measur¢
of activity and weight of precipitate in Tables A-2 and A~}.
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Table A=-1

Nitrate Preciritation

Levels - Bone 0.8, 1.0, 1.2 grams
Acid 72%, 75%, 78% HNO.
Volume LO , 70 5 L900 M1

 

(emx10* )
sample No, Bone —_Acid Volume d/o. Weight

1 1 1 1 2920 28
2 2 2815 285
3 3 2585 252

ly 2 1 3060 382
5 2 3090 333

6 3 2865 286

7 3 1 1535 271
8 2 2075 1007
9 3 2375 1094

10 2 1 1 2910 288
11 2 275 264
12 3 2705 255

13 2. 1 3000 343
Ws 2 300 295
15 3 3060 297

16 3 1 2455 155u
17 2 2370 820
18 3 2.85 516

19 3 1 1 2375 372
20 2 2635 269
21 3 3000 257

22 2 1 2995 1195
23 2 2810 276
2h 3 295 299

25 3 1 2320 R27
26 2 2835 35
27 3 2780 399
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Table Aw2

Statistical Analysis of Sr°° Recovery

 

Factor DéF Sum of Squares Varjance F Ratio

Bone 2 139213 69606.5 1.9

Acid 2 1737535 868767.5 18.65 +++ 1(99%)

Volume 2 101050 5200 1.12

Interactions

Bone x Acid 58,332 146083. 3 Us

Bone x Vol. ky 158703 39675.8 0.85

Acid x Vol. 4 214.598 536u9.5 1.15

Error 8 372602 4657502

TOTAL 26 3311063

The major significant factor is the acid concentration.
The higher recovery was found for the 75% HNO,, where an
average of 99.1% was obtained, with little effect from
the volume of acid used. The worst separation, and thus
the apparently poorest recovery, was with the low volume
of 78% HNO,. This value of 70% is caused by self-absorp-
tion in the sample.

Aw& 9C’
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Table A=3

Statistical Analysis of Precinitate Weights

 

Factor. _D/F_ Sum off Souares Varj ance F Ratio

Bone Weight 2 358262 179131 1.71

Acid Cone. 2 299 5928 1197964 Ws.3 +44(99%)

Volume of Acid 2 1291919 644.59 59 6.17 +4(90%)

Interactions

Bone Vs. Acid 4 1502500 375625 3.59

Bone Vs. Volume h 84857 21214.2 0.202

Acid Vs. Volume 4 90943 235235.8 2025

Error 8 838177 104,772 1

TOTAL 26 8012 586

Again, the major significant factor is the acid concentration.

Overall recovery of the carrier strontium for the three levels

is low for the 72% HNO,. The acid volume is also significant

for precipitate weight, and the combination of 78% HNO, at small

volume gives very high precipitate weight. This is in agreement

with the Sr®° recovery results which showed low activity because

of self-absorption.

ke? 5/
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When separating trace quantities from an interfering bulk electro-
ayte, the predominant problem usually involves the effect of co=-
precivitation of the bulk electrolyte or its incompleteness of sepa
ration. Likewise in radio-assay work, the weight of the bulk elect
brought down with the carrier added as part of the procedure can le
to low recoveries, mainly by self-absorption of the emitted particl
by the sample during counting.

Ow

Figure A=3 shows the effect of increasing amounts of strontium carrier
upon the activity. Non=strontium impurities would show the seme
effect if they are carried down with the strontium nitrate precipi-
tate since the major impurity is calcium, it is best to know the
solubility of Ca(NO3)2 in 75% HNO, so as to insure completeness of
removal. This was found to be equivalent to 23.5 grams of CaO per
liter of the 75% acids Concentrations above 75% HNOs markedly re-
duce the calcium solubility, while cormentrations below may cause

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

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

% Saturation c/r & Recovery

1. 100 (4.7 g Cad) 1880 91.3
2. 75 1895 91.9
3. 50 1855 90.0
he 25 1815 83.0

The chemical separation involved in the isolation of Sr®* or y*°
from varicus samples may be subject to interference from cther
fission products. Table A=5 lists elements mich combine possitle
chemical interference with long nelf-life. Their characteristics,
along with the perentape of total fission prodyect activity wnich
they represent at various times efter detonation, are given in the
table along with the corresvonding properties for the strontium anc
yttriun fission products.
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In the time available, a complete study of all possible interferendes
in all sample types was notrapesseae: The two ma,jor interferences
for old samples are the Ce** #4 pair and Pm**’. These, and Cs”
were tested by adding known amounts o* the isotope to inactive bond.

samples containing strontium carr er and rego the activity ir

the final product which should represent the 5r°°

The results of the analyses ere shown in Table AWS.
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Table A=5

Possible (nterferinge Fission Products

 

© Ted
Half-life 68 Energy 250 days : pacts 8 yrs.

Che® 35d «15 mev. 2 13 -

Ce*4 2904 £30 16 28 -

‘ee 18m 3.0 16 28 -

zree 65d 0. 13 6 -

Pm? ly 0.22 3 é 19

Ryr0e 1.0y 0.04 1-1/2 3 -

Rh206 30s 3.55 1-1/2 3 -

on 37y 0.5 1 1-1/2 oo

Ba237 2.6m none 1 1-1/2 17

Sm*> 1204 0.07 ~ - 2-1/2

sr°® 53d 1.5 6-1/2 3 -

gr%° 25y 0.55 1 2 20

80 61h 242 1 2 20

y22 57d 1.55 9 2-1/2 ~

a

te0 5S
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Lsotove c/m Added

oreoaNy?> 9 ,090

RyP6R206 10 ,000
Cet**_p,at 8 ,000

Pmt? 12 ,000

yes 9 5000

Total 48,000 c/m

Table A=-7

Sample c/m Found %

A 64,0 1.3

B 320 0.6

C 130 0.3

D 210 0.4

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

A215 sé
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Sample
Weight

(5 gm.
(S gm.

(5 gm.
(5 gm.

(5 gm.
(S gm.

UNCLASSIFIED

Table Aj=-6

Amount

Lsotope Added

5237 65,000
Cs??” 65,000

Cet**4 Pri** 150,000
Ce***4 pr*** 11:0 ,000

Pn2*” 96,000
Pm2*? 96 ,000

Amount

in ppt

none

none

none

none

none

none

o
O
o

o
O
o

The final conclusion is that these isotopes do not inter~

fere in the method of analysis used for bone samples.

mit 5 7
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ll.

ANALYTICAL PROCEDURE FOR THE SEPARATION OF TOTAL
iDIOSTRONTIUM FROM A 100 CR&M SEMPLE OF SOIL

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

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

Ignite in a nickel crucible at 900°C.

Weigh out 100 grams of the ignited material.

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

Fuse in a muffie at 900°C (minimum temperature) for 45 minutes,
(minimum time) until the melt is clear and homogeneous.

Cool by immersing in a beaker of cold water, withdrawing quickly

at first. Continue immersing and withdrawing until the crucible
is cool enough to vlece ona transite board. The NagCO3 should
not be wet at any time.

When the crucible is cool, turn it uoside down, tao the bottom
with a pestle and allow the solid fused material to fall into
& mortar.

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

Transfer the ground fused material to a 3-liter beaker contain-
ing 509 ml of hot distilled water, stirring constantly until
the particles are dispersed.

Add slowly with continued stirring, 1909 ml of 60% PO1G,- This
is sufficient to nevtralize the fused material und allow for an

excess of acid.

Evanorate with mechanical stirring until dense yhite HT1G; fumes

are detected. The silica is now dehydrated.

Dilute to 2.5 liters with distilled water and allow te setule.

Filter the silica on No. © Whatman paner with suction. Wash
with 250-500 ml of het $% ECL, then with 25 ml cf &stillec
water. Transfer the filtrate and washines te the crigine!
beaker. Wash the silica with 1% H,SQ,, and discard the washiners.

’ s ry SJ
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Remove the silica from the filter paper and dry ina 110°C
over overnight. Break up the aggregated material with a
mortar and pestle, then transfer to a 250 mi platinum dish.

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

Evanorate on a sand bath to SO3 fumes to volatilize the silica.
Cool and dilute with distilled water, transferring the result-
ing solution to the original soil filtrate, and add 20 mg Sr**
carrier.

Neutralize the filtrate with NaOH pellets until the pH is h-u.5.
At this point add slowly, with stirring, 50 grams of NazCO3z and
allow the precipitate to settle. Filter through No. 5 Whatman
paper with suction and discard the filtrate.

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

Now add 460 ml of distilled water and stir mechanically wmtil
the residue is completely dspersed.

Add slowly, 1540 mi of 90% HNO, with continuous mechanical stir
ring and allow to remain stirring for 1/2 hour.

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

Transfer the precipitate and remaining acid to a 20 ml centri-
fuge bottle, centrifuge and decant, discarding the supernatant.

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

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

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

Evaporate the filtrate slowly to dryness.

ma 57
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Now carry out a final 75% HNOg sevaration in the 250 ml
beaker. (100 ml volume)

Filter through a fluorothene funnel cn a glass fibre filter.
Transfer the funnel to a clean filter flask and wash out the

acid with anhydrous ethyl ether.

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

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

Method (a/m/g)

Sample No. Source 1 2 3

112 Albany, H.Y. 0.1420.08 0.1120.007 0.0920.006

11, Logan, Utah © 0.1670.05 0.01220.002 -

98 Lamont Labs. -0870 .04 -08=0 04 -

Methgods

1. Complete solution as described.

2. Leaching 10 minutes with 6 N HCl.

3. Leaching 10 minutes with 1 N Ammonium Acetate.

The properties and abundance of the long-lived fission products were

given in the section on bone analysis. The effect of addition of the

following mixture of possible interferences in the enslysis of 100

gram soil wamples is given in Table A-=7.
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Hecovyery of Strantiium

 

Samole Ne. er Agied Sr Feun4 &

A O me O mg -
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ANALYTICAL PROCEDURE FOR THE SEPARATION OF TOTAL RADIO=
STRCONTI (WW FROM SAMPLES OF VEGETATION AND FOODS

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

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

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

Run a double nitrate precipitation as for bone using acid

volumes of 200 ml for the first precipitation and 5S ml for
the second.

eeté (2
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ANALYTICAL PROCEDURE FOR DETERMINATION OF
NORMAL STRONTI(U IN BONE

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

2e Grind in a mortar to a fine powder.

3. Weigh out 5 grams into a 250 ml centrifuge bottle.

uu. Add Lh ml of water and then slowly add 15h ml of 90%
nitric acid to bring concentration to 75% HNO, »

5S. Add 20 mg of Ba** carrier (as BaCl,) in 2 mi of solution.

6. Stir rapidly for thirty minutes (mechanically).

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

8. Decant and repeat steps lh thru 7 at 1/2 the original volume.

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

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

nitric acid.

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

There is no agreement in the Literature as to the strortium content
of the normal human being. In part this is due to the variability
of available strontium in different sections of the country or the

world, and in part the disagreement is due to the methods of analy-
Sis used.

To resolve the differences for our own laboratory studies, a test
was made of two methods of analysis. Time did not permit a compiete
program of sampling and analysis of bones from several individuals
in several localities to be made.

The data of Hodges, et al (UCLA=-li7) showed a range of 0.015 to 0.040%
of strontium in humar: bone. Preliminary tests here showed the percen-
tape to be in this range, which eliminated gravimetric procedures.
Therefore. flame photometry was selected as the analytical methoc.

wei? 6 3
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ANALYTICAL PROCEDURES FOR DETERMINATION OF SR®°° BY
SEPARATION AND COUNTING OF y9°

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

for Y®° separation.

2. Countthe sample and record data.

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

4. Bring to a boil and filter thru No. 41 paper into a 3 ml
platinum dish. Wash the beaker and paper with avoroximate-
ly 15 ml more of water.

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

6. Pick up the residue with approximately 5 drops of HCl. Trans-
fer to a beaker with water. Bring volume to about 50 ml. Add

10 mg of lanthanum carrier. (This carrier must have negligible
8 activity).

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

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

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

The procedure was tessed by measuring the recovery of Y°* added to
solutions containing 20 me of Sr as the nitrate. The recoveries
found with either paper or glass fiber filters were 94-99%.
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ANALYTICAL PROCEDURE FOR SEPARATION AND DETERMINATION
OF RADIUM IN RORY
 

Dissolve 5 grams of bone ash in 10 ml of HCl, heating gently.
Aqd distilled H20 until the volume is 100 ml.

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

Pick residue up with HCl and He0, Followng the procedure in
Step l.

Adjust pH to 3.5, add 10 mg of SOT as (NHy)2SQu, and 3 mg of
Ba**. BaSQ4 and some CaSO, will precipitate at this point.
Centrifuge and decant, saving only the precipitate.

Agd HCl dropwise, until the bulk of the CaSQ, goes into
solution.

Dilute to 100 ml with H,O and adjust the pH tc 3.5. Allow
the BaSO, to settle and digest overnight.

Filter through No. h2 Whatman Filter paper and ignite paper
at 700°C ina platinum crucible in muffle.

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

Reprecipitate BaSO, in a 50 ml centrifuge tube, using a rubber
policeman to transfer the precipitate from the platinum to the
tube. Allow to digest overnight. Take note of time of pre-
cipitation.

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

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

Allow 30 days for the radium daughters to come to equilibrium
and count with an alpha scintillation counter. Or alternative-
ly, the final equilibrium value may be calculated from the
measured disintegration rate at any time and a factor for the
fraction of equilibrium value existing at that time.

a-i9 CS
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ANALYTICAL PROCEDURE FOR THE SEPARATION AND DETERMINATION
OF RADI(M IN 100 GRAMS OF SOIL

1. Except for the addition of 20 mg of Sr** carrier, Steps 1 thru
18 of the grb? 9° procedure are carried out exactly the same
Way. _

@e When the carbonate precipitate is dry, remove from the filter
paper and transfer 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 crush
as well as possible with a pestle.

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

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

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

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

g Ra per g Soil

Sample Added Found j rence

Soil No. 114 0 5.2 x 10729 won

Spiked soil No. 11h 4.0 x 107%? 8.4 x 1074? 4 x 10739

dwt CG
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ANALYTICAL DEVELOPMENT IN PROGRESS

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

The chemical operations were largely devoted to the separation of
Y°° from the radiostrontium plus strontium carrier obtained in our
normal chemical procedures. I+ was desirable to extract the r®°
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 compledng agents which
gave organic soluble compounds with Y also acted as quenchers for

the phosphor. This was true of TTA (thenoyl trifluoroacetone).
Other reagents such as oxine gave poor extraction coefficients.

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

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

This technique should allow the reacy measurement of very low levels
of Y°° as carrier-free isotope, since the background of such a scin-
tillation counter could be maintained at @ lowlevel. This proced-
ure may also be used for determination of Ce*** which is one of the

known non-fractionating fission products present in aged fallow
debris. The second development is the use of a@ comparative logar-
thmic absorption plot for isotors identification. In this methec;:
the logarithm of the relative activity of the unknown with various
aluminum absorbers is plotted against the logarithm of the relative
activity of a known isotope such as P**. The slope of the resultin

ten) 7Va
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isotone and the intercept of the line with the wero abacrber axis
represents the relative amount of that isotope present in a

mixture,

c

The advantaze of this method lies in its applicability to low
counting levels. This is possible because the line slope can be
determined from light absorbers rather than the heavy absorbers
required for Feather analyses. Tne method is in tentative use
for isotope characterization for mixtures of isotopes and should
be applicable to determination of Sr®?/2° ratios.
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APPENDIX B

ESTIMATE OF COLLECTION EFFICIENCY OF FILTERS USED IN| AIRCRAFT

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

Let R = fraction of activity retained on filter

Cc = Activity in volume of air sampled

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

Then

A, = RC

Ay = (1-R)R

Ro =1- 22
Al

The following data were obtained:

November 30, 1953

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

Rwil - 60

780

= 92

December 15, 1953

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

R21 - 40
2070

= 095

59=
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APPENDIX ¢

Tabulation of Analytical Results

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

The first group of samples from the five selected sites include
analyses of soil, animal bone and vegetation for total radic-
strontium, Sr°°, natural strontium, radium and exchangeable
calcium. These results were used in evaluating strontium and
radium uotake.

One grouv of samples was furnished by Dr. Kermit Larsen of UCLA.

These materials from the Test Site and Almagordo showed only
fair correlation of bone/soil and piant/scil ratios. The Jangle
soil has previously been shown ty Dr. Larsen to have low avail-

ability of strontium, tut the other four test site samples show
be equivalent. Their bone/soil ratios of 2.0. 1-6, 58, and 3.5
could not be fitted into the data from other sites, as available
calcium analyses are not availabie.

The miscellaneous samples included many samples of animal and
human bone but comparable soil cr food figures were not available
for strontium uptake studies.
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ALBANY

Total 90

Radios tronti um sr Natural Sr Ra 1

Type Sample d/m/p d/m/f, mo/p d/n/r Ca ek

SOIL

0-1" C.i8S¢ eit O,iA C.05 ie2 O.73san a

6-12"

ANIMAL BONES

Calif

Rib 33.6% 1,2
Spine B5e4e LE
Leg 33.94 0,8 Zeit 0.1 id
Hoof 35.6% 0.8 36?

Woodchuek

Rib 1.S7 0,2 eVEL

Spine Devs 0.2 008 2054

Leg 2 ie 0.2 009 «L068

LOGAN

Total

Rediostronti tn Sr90 Natural Sr Ra i

Type Sample a/m/r, d/m/¢ mg/e a/r/e, a=

SOIL

0-1" 006% 062 cO8k 402 1.0 oe
1+6" 2064 0,02 0.9

O-1" 2382 0,05 16% .02 0.9

VEGETATION |

Grass 184 0.8

ANIMAL BONES

Lamb

. Jaw 4.64 0.5 4 A.

Leg Se it Cha 0.0= Oa 126

Rib Sede 045 202
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Totai

Radiostrontium Sr? 0 Natural Sr Ra | 1

Type Sample d/m/g¢ a/m/¢ mr/P d/n/g Da ee

SOIL (Measured )

Ou" 0,024 202 0.8 L625

1-6" Of .03

VEGETATION |

Renge Shrub 6.0% 0.6
Cow Peas 2.o% 0.5
Native Grasses 15,7% 1.2

ANIMAL BONES

Calf

Spine
Ribs 14.54 0.9 8.67 0.6

Jaw 19.5% 1.0 133 1.9

Leg 20.92 1.0 9.64 0.1

Hoof

ITHACA

Total

Radiostrontium gr90 Natural Sr Ra 1

Type Sample d/m/g a/my¢ me/¢ d/m/g ess

SOIL

O-j" 0,034 G,02 1.6 ok

1=6" 1,8

6-12" 0.0044 0,03 1.7

VEGETATION

Pasture Grass 15.02 44

" 59.45 GoAE

" 34.5% 0.7 2.8% 0.7

ANIMAL BONES

Lamb

Lee 6,04 0.1 O.9+ 205 0.18 » O48

Rib 6.64 O.1 0.18 O75
Spine 6.15 0.1 0.16 035
Teeth 1e4=  O.1

Jaw 5e7~ O12 0.20 035
~7%0   



 

RUTGERS

Total

Racdiostrontium sr99 Natural Sr Ra fi

Type Sample d/m/& a/m/& mp/¢ d/m/¢ ra >

SOIL

0-1" 0.04% 02 1.4 D.23
1-6" 0.034 02 0.4
6-12" 1.1

ANIMAL BONES

Lamb

Spine 6.042 06,1 0,12 ell
Ribs 2e4= 0,05 1, 0+ 0.7 C.12 2073

Teeth 5 Ad 6,4 0.10 046

Jaw 7ecet O11 0.11 212
Hoof 6.44 0.2 0.77% 05 0.10 020

Leg 7.62 0, 05 0.12 2045
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Radio= 90

Date Strontium Sr
Sample Source Sampled dfn/g d/n/g

78 Soil Chupadera Mesa 7/53 | 1.8 0.2

79 Vegetation " 1.56 0.3

80 Rodent bones " 202 0.67

81 Soil Jangle Soil 11/51 9.6 O.1]

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
(TS & BJ

85 Vegetation “oo 113.0 2.4

B6 Rabbit bones sf 11.0 1.0

87 Soil Test Site 10/52 4.4 0.4

(TS )
88 Vegetation mf --

89 Rabbit bones . oN 11.9 1.0 9.5 Zed

90 Soil Test Site 6/53 0.2 0.04
(UK TS BJ:

91 Vegetation _  * 1.8 0.3

92 Rabbit bones . 19.0 1.0 14.0 2.8

93 Soil Test Site 6/53 98.0 0.3
(Upshot )

94 Vegetation , 24.0 Od

95 Rabbit bones " ® 327.0 8.9 48.0 12h

 

  



 

hacdice 3 Ne rnai

S*roatium sr ar Ks

Sanpls Source dAi fz a An /e ma /e dfn /2

1 Calf; Rib Test Site 202% 0.2 ot 0.075

2 Spine ‘ 1.92 0.2 “ 0.08%

3 Lag " 2.2 t0.2 O.5t 0.004

4 Hoof . 2-620.2 0.7 0.009

12 Calf, Scapula Cedar City 4,470.3 - -

ll Ewe #1, leg " 1.00.2 0.4¢ 0.41

13 fe, Leg x 3.2% 0.05 0.3€ 1,01

14 #3, Leg " 5.320.3 < 0.008

18 #4, Leg " 2.32 0.3 . 1.7

19 #5, Hoof & Leg " 11.540.4 0.48 3.9

15 #6, Leg " 1,570.3 0.35 2.0

16 Lamb #1, Leg " 0.44 0.2 « <=

17 #2, Lag " 9.3% 0.1 - 0.54

102 Calf Clark County 53.020.8 0,.98f0.1 0.26 12.0

Nevada

101 Human, Newborn Utah 1.272.1 - <

135 80 yr. mais * 0.821.0 - -

136 46 yr. male " 0,020.04 - ~

137 unknown " 1.473 0.6 = =

138 79 yr. male " 4,2t 0.4 - -

139 75 yr. male " 1,120.8 - :

74 children's teeth NY 0.020.112 0.10 0,029

170 Human, Lab skeleton 0,0820.02 = -

femur  
 



 

Radio-~ 90 Normal

strontium Sr Sr Ra

Sample Source d/n/g d/n/g afn/g /n/e,

5 Whole milk St. George, 1.3¢0.2 - - G.055

Utah
96 Powdered milk Starlac, 1953 0.5+ 0.04 0.20.1 0.085 g.1215

97 . * Alba, 1953 0.88£0.08 0.5%0.1 - -

153 " " Bordens, 1950 0.344 0.12 - - -

113 Human milk Syracuse 5.62 4.8 - - -

152 Urine Newark,(milk 0.043.9/A - - -
donor )

157 Urine NYC o.0t0.6/f1 - - -

155 Blood NYC 0.752 0.2/qt. ~ - ~

165 Cheese Rumania 0.04£0.01 ~ - -

166 " Yugos iavia 0,.0420,01 ~ - -

167 Tap water NYC 0.88=0,02/1 - - -

168 * " NYC 0.9320,0¢2/1 « - -

169 Distilled water NYC 0.0640.04/1 « - -

171 Soil & Clam shells Long Island 0.01640.001 ~ - -
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APPENDIX 3

NOTES ON ELECTROSTATIC PRECIPITATOR

By H. d. wmUiovanni

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

(a) A small particle subjected to a force is accelerated through the media
in the surrounding space, the resulting metion through the particles of
the mediaresults in a resistive force to the motion given by Stokes as

Re kdvse (1)

For spheres k = 377. When the velocity through the medie is such
that the resistive force is equal to the accelerating force, the
acceleration will be zero resulting in a constant velocity termed
the terminal velocity.

(>) For a spherical particle in a gravitational field

} ._ l-
F = me? m=5 78p = < 1] a3p

The terminal velocity will result when

 

1 2 _ a
F = Ror eae Pe = 314 vf

ld pg
ory * 18 AL (2)

(c) If the particle acquires an electrical charge and is in an elec-
trical field the force on the particle will be

F = QE

The terminal velocity will then be

QE
-_seoOo- (3)
. 37TaH

(ad) For particles of a size approaching the mean free path of sir
mclecules, a correction due to Cunningham is required to account
for the additional velocity caused by the particle accelerating
between impacts. This is given br

vs (l+ ky 2) (L)
"Stokes

-; {=
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For particles subjected to electrostatic and gravitational forces,
the velocity is the vector sum of the velocities given bv (2) and
3) corrected by equation (1).

Laws Governing the Chargingof Particles
 

Particles may acquire charges by passing shrough a region containing ions
of a piven sign either by diffusion or field charging. In the former,
the mechaniam is one of impingement of the particles with the ions due
to the kinetic energy of the gas, whereas in the latter the impingement
is assisted by the energy imparted by the electrostatic field.

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

d KT  WaGNo eft
qs (; z] in G+ 2 XT (5)

gives the number of electronic charges which will be acquired by

& particle of diameter ad.

 

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

ko - 1 d? £ . Tet <r

= ——r ‘|3S 1 Trt (6Ge jie? Vasa Le E ey

Although others have asgaumed that the particle will acquire the
eum of the charges piven by both methods, it is felt that. con-
sidering the mechanisms involved, the particle charge will be
given by the preater of the two effects. In any case, this
gives a more conservative result.

(c) Electrical considerations of the charger.
 

Pauthenier has shown thet the potential distribution in a cylindgfr
with central co-axial wire changes from logarithmic to a linear
function as the corona current increases from zero, except for a
small region around the wire. Under these conditions the field
intensity will be given by

2i

E & k
2
~/

we
-.02e

UNCLASSIFIED  
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io ahs SOT Breviate

Pipure lu rives the electrical characteristics of the charger at
varicus altitudes. The charger dimensions are &" long by 2.675"
diameter, having a wire of .012" diameter. Neglecting end effects

SC

4 = lOx0Sx3x10- of 100,000 feet
8 x 2.5L

giving a value of 2.62 x 104 statamps/com. The mobility at

160) (213
600 x B. 1 273 or

2 (2.62 x 1014)

100,000 feet

 

 

E = 60 = 1.1 ESU.

600 x ois x 100
273 8  

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

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

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

anc given by

Vv; # ky (22) 213 E 5.8 x 10 em/sec

P 273

the tire to traverwa distance dr from the wire towards the

evlinder is then

dr
V4

durine this time e charre Q # it has filled a 1 cm length cer T
v

it

evylinder cr in radiai thickness. The value of tne charge denk

Q iar a
will then be ayprO yp "BE Is* Pirv at a radius r. 

Assuring particles entering at 1/2 cm radius, then the ion
density No at this radius is |

No = :
27TE ka Te) (3 er

 

-70-
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Substituting values

170 x 10° x 3 x 109
+ 2 = 2.62 x iol

B x 2.5k ,
 

k3 = 600

P= 8.1

| at 213

r= .5 cm

e = h.8 x 10-10

E = 1.32

No at .S cm radius = 2.9 x 10° ions/cc

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

ko -'1 (a)

qa = |jl#2 Kd x a

2
ee) x (ob)
he

1

c 1+ re (c)

 

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

142(23 = 2,
341

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

 

 
Term (c) determines the % of maximum number of charges and depends
primarily on the time of the particle in the field of given cur-
rent and field intensity.

The time in seconds to traverse the charger is

length of charger _ 8 x 2.5L: _

air velocity 1136
 

 

018 sec

-82~
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Term (co); is then & rern nen / 1

OPA) 9 i ry - h 1 _

TY (.918) 2.62 x10 |, , Hh.O18) x 2.62 x 10° | sre535) = L

1.32 1.32

Hence ¢ may be considered unity and

5 ¢
t: asus x 107% x 1.32

a = Te = = 13.8 ant

‘ 2x h.8 x 10710
 

(e} Caleuletions of No of charges per particle (diffusion)

KT SC No Got
= ot ln y Zach:

2e° © kT

1.38 x 10716 x 213

2 (he® x 10710)

 

O
Y 5

 

2
22h

In jl ¢d iT (s x 285 * 10!)x(\..sxr0°24) x .018 Ng
 

2x 1.38 x 10716 x 213

de (6h) in| $f dye (2.15 x 1077 ro)| No at 1/2 em = 2.

6.1 dae In h + 236 oy

Tabulation of calculated cherges:

CAL aq {fielc) o (diff)

 

eC) - 2O77S

03 - 2d
US - 1.0L
el - 2205

23 1.2h E.2
6 5.0 1¢.¢

1.0 13.6 36.1

30 12h 191.0
é 506 279.0

1G 1380

=! 30
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(f) Determination of radial velocity

From 3 and L

< t. PEE & 86 7?) since Q=aqeé

“(we hg ag (0 9bk)) (23) 2

TANT76335)

 

 

v. SO(,212) (14 222 for 100,000 feet.
T dh "da

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

Area of collector section =

aim (3.8752- 1.252)= 10.6 sa." = .0735 9q. ft.

Vaxial = ORE = 1360 ft/min = 690 cm/sec

Radialdistance particle must travel = 3.3 em

Ss 223 (690) = distance along axis

rT

dav v cm/sec —

2 06 h85 h.7
wl 345 6.8
2 15A U.h
of 96 23.6

1.0 70.5 32
3.0 53.5 b3
6,0 Li7.0 h8S

1¢6.¢ 62.0 36.5

Since the collector is approximately 70 cm long, all partic
in the above range of Ciameters are theoretically preciriw

ows
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Discussion

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

85.
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Baltzman constant = 1.36 x ror4s ere/* kelvin

Constant of proportionality (general)

Cunningham constant (approximately .86)

Dielectric constant of particle

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

Force in dynes

Resistive force in dynes

Radius of cylinder

Diameter of particle (cm)

Diameter of particle in microns

Velocity cm/sec

Ion velocity

Viscosity of medium (for air at STP = 171 x 10~© poises)

Mass in grams

Acceleration of gravity (980 cm/sec/sec)

Radius of particle

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

Charge in stat coulombs

Electric field intensity (stat volts/cm)

Mean free path of air molecules (for No STP = .9l x 1075 cm)

Absolute temperature

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

RMS molecular velocity = 9.8 x 103 cm/sec at 15°C

~86-
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mM
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on eoncentration (munbe:re mk cs 0 *$ c
y

o
O

y
jime in charger

Corona current per om leneth of wire

Cylinder diameter

Volume of air per unit time

Avial distance from end of wire

-87-
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APPENDIX E

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

By Roy E. Albert, M. De

It would be highly desirable, in the event of wideespread dissemina-
tion of radioactive strontium, to have a reliable method of monitori
this hazard in large populations. Radioactive strontium is capable
producing bone tumors in animals. Its toxicity for man is dependen

NE,
bf 

by analogy on the same property. Since the latent period is presum
to be in the same order as that for radium, persons under 35 would
undergo the major risk and particularly those in the stage of activ
bone growth. Strontium wuld reach the bone only, except in unusua
cases, by intestinal absorption. Consequently, the main source of
danger would exist in polluted food and water. The strontium is
concentrated in plants which are in turn consumed by dairy animals
secreted in milk. Milk products would therefore be a major carrier
this toxic agent. The metabolism of strontium is qualitatively
Similar to that of calcium and consequently the uptake of strontium
would come from foods with high calcium contents. The minimum dail

t
y

requirement of calcium in adults is 0.5 grams and probably double tis
for growing children. Each quart of milk contains 1.2 grams of
calcium and consequently milk or its products can supply most of the
calcium needs. However, a number of vegetables contain sufficient
strontium to account for a significant percentage of the daily
requirements.

The most direct method of determining the potential hazard from rad:
active strontium is to measure the amounts in enough human bone of
various ages to give a reasonable estimate of bone burden for the  population. This, of course, has its practical difficulties. Anot
approach would be to obtain a cross section of the milk and milk
product contamination but the relationship hetween rates of radio-
active strontium ingestion and rates of accumulation in the skeleto
would nave to be determined in humans, Still another approach woul
involve estimation of specific activity of strontium in blood, urin
or milk in the population. The latter two would be easiest to coll
in a pooled sample, especially urine, and would provide a convenien
monitor if the relationship between radioactive strontium excretion
and body burden could be established. The purpose of this report i
to assess the data available in the literature in order to determin
whether and under what conditions this relationship exists.

-88-
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Disvribetion of Strontiur in tre Body

strontium if depositec in the bones except for insignificant amounts
in other tissues. Its metabolism is qualitatively similar to calcium
but it is not a dietary substitute since calcium-starved animals
develop rickets when fed strontium. Strontium is incorporated into
the trabecular bone near the epinhyses and as time goes on, presumabl
is incorporated in the more inert portions of bone. A great deal of
research has been done on the rates of urinary and fecal excretion of
strontium administered in one injection and it has been estimated
that the total retention is in the order of 50% and occurs mainly in
the first 2 hours. Oral retention is in the range of  - 10%.
strontium excretion has not been studied carefully for more than 20
days and in this time, the relationship between tne logarithm cf the
percentage of the initial dose found in the daily urine and fecal
excreter bears a linear relationship +. the logarithm of time. How-
ever, in a few studies with Calciuml5, this relationship does not
hold beyond 10 to 20 days, but rather there are 4 or 5 exponential
functions relating the daily excretion of calcium to time. This
indicates a mumber of compartments with different exchange rates,
When calrium is ahsorhed from the intestine, msculature or peritoneu
or given intravenously, there is a rapid dilution into the extra
cellular fluid volume which occurs in a matter of minutes. There is
then an ionic exchange with a portion of the bone which is in free
contact with the blood. Most of the strontium is removed from blood
by two hours, Then there is also a rate of incorporation of this
initially deposited material into the bony matrix and then presumably
into the bony apatite crystals. There is only fragmentary data on
the exchange rates for these compartments.

Remarkably little work has been done on the chronic oral administra-
tion of radioactive strontium or calcium. However, one study with
rats noted that an equilibrium excretion rate of strontium in urine
was obtained about two days after the onset of feeding. The urinary
excretion rate was about 3% of the daily ingested dose of radioactive
strontium. Retention in adults approximated 4% and about double this
in very young rats, Another study indicated that daily oral feeding
of 150 microcuries of Calcium45 resulted in a stable specific activit;
of piasma in about hO days at a level of 2.7 x 10-4 microcuries
cali5/me. Ca. In this study, the specific activity of milk was equal
to that of blood and by inference urine. Presumably, the specific
activity of the blood was equal to that of the ingested food under
equilibrium conditions and also with a portion of the bone whose com-
ponents are freely exchangeable with those in blood.

Under circumstances in which a population ingested radioactive
strontium at a reasonably constant rate, one might expect that the
specific activity of the blood also be constant, reaching stable
values in a relatively short time in relationship to duration of ex-

posure. In this case, urine or milk would provide a useful monitorin

-89-
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c
ttool except that it would be necessary ic relete the level and duyation

of exposure to bone burden on the basis of experimental data. In
humans there is approximately 34 milligrams % of calcium in milk,Jand
15 milligrams % in urine, Urine is much more readily available ir

large quantities than milk and in view of the calcium ratios, it
would provide a more suitable monitoring tool. With intermittent
exposure and non-equilibrium conditions, the specific activity of
blood, urine and milk would not necessarily follow that of the in-
gested food and consequently, the results would be more difficult fto
interpret. On the other hand, if the ingestion is intermittent, flood
analyses would be difficult to interpret. In any event, before tiis
method could be used, a considerable amount of information would Have
to be obtained from feeding experiments in humans, but these are
entirely feasible.

~S0-  



APPENDIX F

RATE OF DEPLETION OF STRONTIUM IN SOIL

by

A. E. Brandt  The following calculations utilize our data on sr89-90 in soil milk
and bone. Although the calculations are based on the two isotapes,
the depletion rates are unaffected as the decay of the isotope@ has
not been considered.

Case I = Cows Live on Fasture

TOTAL RADIOSTRONTIUM IN SKELETON OF 1200 LB. DAIRY COW me

Radiostrontinum in Bone

Grams of Ca. in d/m/egr. Ca.
in Bones of From To

Ave. (1200 lb.) — ~~
Dairy Cow 7 11

From

O00 56000 88000

To
12000 84000 132000

TOTAL RADIOSTHONTIUM PER YEAR IN MILK OF AVERAGE DAIRY co

(6000 lbs. of Milk) in d/m

Grams of Ca. Radiostrontium in Bone

Per Year in in d/m/er. Ca.
Milk of Ave, From To

Dairy Cow 309 ooh

3500 13650 22h09  
If we assume the average dairy cow of 1200 pounds will sveragq 6000
pounds of milk per year for 10 years, after two years growingl|up we
can arrive at a first estimate of her annual removal of stron}ium
from the soil as follows: she will remve the radiostrontiumfin her
skeleten which, according to figures now available, should lig be-
tween 56000 and 132000 d/m. She will remove the radiostrontigm in
her milk which according to data now available, should lie befween

= 9] =

 
  



136500 and 22000 d/m ovar a productive life of 10 years. The fotal
removal over a 12 yaar period should then lie between 192500 an
356000 d/m. On the basis of these figures, the annual removal pf
radiostrontium from the sail by what wa have termed an average
cow would lie between 16000 and 30000 d/m.

 
   

 

   

   

Available figures for the region in question indicate the tot
strontium in the soil to be of the order of 3'x 106 d/m/Acre.
assume that the anmal produce from 5 acres of land will supp
nutrient needs of this cow, the store of radiostrontium from wht
she will draw is of the order of 1.5 x 107 d/m. The ratio of

moved annually by an average dairy cow would give a first esti
rate of depletion. Thus

1.5 x 107 = (2) (2x 104) = 2.5 x 102

It is likely that this value of 250 years, which might be calléd the
mean life, is of the order of 1.5 times the "half life". Thus] 170
years might be said to be an estimate of the lower limit of thé "half
life" in the depletion of the stores of radiostrontium in the s@il of
this region by dairy cows.

Case II = Cows [To Not Lives on Pastures

If land having a store radiostrontium that might be specified fs
3 x 106 d/m/Acre should be cropped continuously to cowpeas har
as hay in_which the radiostrontium content might be specified fs
1.09 x 10? d/m/1000 lbs., the depletion "half time” may be esthi
as follows: a maan life time may be defined as the ratio of
the strontium in soil to the amount removed psariy in a orep
of which the yield commnily ranges from 1 to 3 tons per acre.

1.5 x 10° $ 2.18 x 10° = 6.86
and 6

1.5 x 10° 6.55 x 10? = 2.29o
f
e

yield estimates of mean life for 5r89-90 in soil cropped as specified
from which one might risk the statement that the depletion end0 life"

0under the specified cropping system and yields would be of th
of 1.5 to 4.5 years.
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