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The relatively high volume concentration in sample P-3, the only sample 
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ADIIDIBl'IATIYI CCIIIINT 

Tbia docUMnt contain■ •terial 1ubaitted by l1otope1 Inc. in tbeir 

1 October 1980 Quart•rly Proere11 Report on tbe ~SA Rieb Altitude 

• Saapliq Proera■• In addition, an appendix contain• 1nfonaat1on on 

the aize diatribution and coapoaition ot atrato1pberic particle• . 

Tb• latter ha1 been 1ub■itted tor publication in Science. The duct 

flow chart, on pace• 6 and 7 were con1tructecl at Rq. DASA u1in1 data 
• 

obtained by Profe11or Blliott G. Reid of Stanford Univer1it7. 

Isotopes, Inc. 123 Woodland Ave., les•ood, H.J. i1 the principal 

contractor charged with the radioc!emical analysis and interpretation ~-
of the HASP data. In additio~ they have performed subsidiary atudies 

on such 1ubJects as stratospheric particulate, radioactivity in 

surface air, rainfall, and 1011, and filter paper collection 

efficiency. 
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ABSl'RACI' 

Preliminary data on Pb&••• 4 and 5 ot Crowflight are civen. Th• recal­

ibrated U-2 duct curve• are given. Tritiua and carbon-14 concentration• 

in New Jer••Y rain and air •••Pl•• during 1959 and 1980 reapectively 

1 

are reported. The •nner of ■ixing and tranafer of Strontiua-90 in the 

stratosphere 11 de1cribed. Th• 1eaaonal in ere••• in a1x1ng fr011 the 

tropical to polar region• 1a noted.Tungaten-185 diatribution• are di•­

cuaaed. Meaaure•nt1 of RhodiWt-102 indicate that Teak and Orange de­

br1• ha1 entered the lower atratoaphere. A aean reaidence tiae of le11 

than 10 year• tor this debri1 is •ucceated. Concentration• of Berylliua-

7, a co1■ic-ra7 product, are reported. Strontiua-89 and Ceriua-144 data 

ia di1cu11ed in the light of the HASP ■ixing aodel. The 1ize di1tribu­

tion and c011po1ition of 1trato1pheric particle• collected on electron 

aicro1cope probe• expoaed in the stratosphere 1• deacribed. Particle• 

in the 1ize range O.l to 1,5 microns appear to be c011po1ed of a■-oniua 

5 
per1ulphate. A 1tratoapheric inventory of 3.2xl0 lg of so4 11 deduced. 

• 
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INTROOOCTlOH • 

The collection of samples for the High Altitude Sampling Program has been coapleted. 

Phase 4 ended vi th a mission novn from .-u.not AFB, North Dakota on 6 Hay 1960 1nd one 
• 

novn from Rame:l, AF~, Puerto Rico on 9 May 1960. During Phase 5 samples vere collected 

'uring missions novn from i:.zeiza Airfield, Argentina and from a few bases in the 

Uorthern He?l'lisphere. This Phase ended on 1 June 1960 vi til the return of the aircraft 

from zeiza to Laughlin AFB, Te:xAs. The tota number of S&JTJ;>les collected during the 
• 

HASP reached almost 4000. 

A reca ibration of the -2 nose and hatch samplers was carried out at F.civards AFB, 

valifornia uring the l ast ·..eeks of July 960. ,/hen the results of this recalibration 

bee me avai able al :iASP data will be recalculated. 

J 

The analysis of HASf samples for strontium-90, cerium-1.LL and tungsten-185 has al.Jlr:>st 

been completed. Silllilarly al analyses for berylliurn-7 and !or phosphorua-32 have been 

finished. Some older nASP samples are yet to be anal~ed for rhodium-1 2, though roat 

analyses f recent samp es are complete. Analyses of about 100 recent samples for 

cesium-137 and plutonium have been begun. 

Pro ress has een made in the ol ection an analysis of soil samples for the 

del ineation of the vt rtical distribution of certain rruclides through the upper layers 

f soil. 

Analyses ~ ave been made of the carbon-11 concentrations in a number of samples ot 

surface air and of the tritium concentration in a number of samples of rain and snow to 

provide more infonnation on the behavior of gaseous debris from mclear teats. 

Studies of the stratospheric particulates collected on probes by Crovt'light aircraft 

have been continu~d. A few characteri stics of these particles have become evident. 



• 

• 

Solle data han become available from l&llples dolle ted in the Southern Hemisphere 

during Phase Sor Crovtlight. It is evid nt that the concentration of nuclear debri1 

in the southern stratosphere is much hi her now than it was in early 19f9, though only 

slightly hightr than it was by ndd-1959 when Phase J was terminated. 

The HASP data l'IIAY be used to obtain an estimate of the manner in which stratospheric 

transfer and nu.xi. occur and of th ra es at which these processes proce d. The data 

on stratospheric concentrations of water vapor and ozone corroborate t c ex·stence of 

• thes~ processes • 

0 

4 



?HE SAMPLifl'.i PRO(NM 

Phase L or Crowflight, during which sapling vu carried out by aircraft baaed at 

Minot AFB, North akota and at Laughlin AP'B, Ta.as - vit.h monthly deployaente ot the 

aircraft from LRu hlin to amey AF9, Puerto Rico - vaa tend.nated after a aiasion tlovn 

from Minot on May 1960 and one flown from Ramey on 9 May 1960. l total ot 168$ u11tul 

saMples were collected during Phas~ u. 
Phase 5 be an v.1. th the deployment or thne aircra!"t from Ramey to Eseiza Airfield, 

Argentina on 12 May 1960. iJc missions were flown out or Ezeba. Normally two aircraft 

flew duri each l'llis sio~. n June 196 the aircraft, returned to Ramey and in 10 June 

1960 they returned to Laughlin. rinr Phase 5 samples were received from several other 

s 

collection sites. Those col ected in the vicinity of Eielson AFB, Alaska should be quite 

usef 1 but those col_ected at Lau hlin am at ~amey generally represented such short 

exposure times that few can ~ of mucr value. Since many Salllples receind trom lleiza 

an rrom Eielson also represen ed short exposure ti.mes they were c0111T1only combined to 

produce co~ osite sam les. ncl inP these composites, a total or 22 samples were 

obtained ~om Eieiia, a total of 35 fr m fli hts between Ezeiza and Laughlin and a 
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SAMPI.m ClLIBP.ATION 

• 

A recalibration or the nose and hatch sampler, uaed by U-2 aircrart during the HASP 
.., 

was carried out, under the direction or Pror. Elliot G. Reid, at Edwards AFB, California 

during the last weeks or July 1960. When the results or this recalibration become available 

they will be used to recalculate all or the HASP data. 'nlese data, in their final form, 

will be presented in the t'inal report tor the progru ( OW 1300, due in the Fall of 1961). 

A prelilllinary estilllate or the effect which the new calibration will have on the 

IIASP data im.icates that the calculated TOluae1 vill be lower, am the calculated nuclide 

concentrations higher, eepecially at the hicber altitudes. The figure below indicates 

the factor by which previoual.J computed !low rat11 muat be reduced t o correapond to the 

value, one would obtain using the new calibration chart.,. It should be pointed out th&t 

none ot th• radiochemical data • obtained from HASP filter paper• reported in thie 

docu:nent have been corrected to th• new !low rates~ consequently, theee value1(expressed 

as dPll/100 set) shoul be incrffased tro.n 8 to 15% t o obtain · the latest "best value". 

he la.test duct !low curves prepared by Maj. Albert 1. Stebbins, III or Hq. DASA u.sin& 

the data obtained by Pro!. Reid are shown on th• nan page. 

1.00 
.. 
0 .. 
! 
~ 
ri 
ra. 
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0.1> 
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... ·• · .. 
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'. ! ; : j O NoH 
l • •1 

45 SO 

Altitude (ThOI.IHlld9 ot FNt.) 

* Th<3 material in t he Appendix starting on page 53 has made use of !"a.diochemical data 

corrected to the new !low rates. 
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RADIOCHEMICAL ANALYS~ 

• 
The rootine analysis of HASP samples for strontiUJll-90, cerium-lL.L and tunPsten-185 

has been completed. The reanalysis or a number or samples for strontiU111-90 has been 

begun. The ori inal analyses of these samples gave results which appeared 1'lconsistent 

vith the other activities observed in the samplP.s ; r with the activities of other samples 

collected in the same re ions. Experience has indicated that at least half of these 

discrepancies can be eliminated by reanalysis of the samples. 

8 

The analysis of cesiU111-lJ7 and plutoniUffl h~f been e un on about 100 samples collected 

since July 1959. ·A number of composite samples have been analyzed for berylliUffl-7 and 

rhodiUJll-102.and a few of these have als~ been ana.l~ed for phosphorus-)2. lt is hoped 

that the stratospheric distribution of the nuclides produced by cosmic ravs and of the 

tracer introduced at hi h altitudes in the tropical stra osphere rin~ Hardtack will 

shed additional li ght on the rates of mixinr within the stra tosphere. All of these 

composites consist of samples col _ected since l December 1959~ A series of co~osites 

of samples collected before December 1959 will be analyzea for rhodiurn-102 in an effort 

to docU111ent the chan es which have occurred with time in the concentration of this tracer 

in the lover stratosphere. hodium-1 2 data reported in the Third HASP Technical Report 

were based upon the beta counting of purified rhodium. These data are subject to error, 

however, because of the diffic l ty of separating rhodium from ruthenium, though absorber 

measurements were used to check the purity of all samples. Rhodium-102 activities are now 

obtained by gamma spectrometer measurement of the characteristic X-ray and are not subject 

to interference b·, ruthenium. There is question as to the true branching ratio for the 
• 

decay of Rhl02 and as to the possible existence of an isomer of that nuclide with a 

long half life, hovever. As a result of certain :inconsistencies in HASP rhodi~ -102 
• 

data, the procedures for chemical preparation of samples are to be checked usi1' a 

rhodium tracer to be certain that there is no loss or rhodium during the chemical 
~ preparation. 

• 

0 

0 
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• 

S IL SAMPL100 AtOGPJ.M 

• 

Preliminary work· has beer, done o the soil s&J11pling prof;?'&m. the objccthe or which 

is•the de tern,ination of the vertical distribution or seTeral nuclldea - etrontiwa-90: 

cesiwn-l; , ceriWl-llili, rutheniwn-1 ' and plutonium - through the upper tv~ reet or . 
soil. The d.at~ o tained rrom th · s program should be usetul in the calculation or the 

• 

increment in environmental J 8ffll'l\8 radiation due to fallout, in the estimation ot the 

location of strontium-90 and cesiu.~-1 ;7 in -soil relatin to the root zone or plants 

and in the estir:\ation of the ~otential hazard from inhalation or resuspended dust. 

The New J rsey and Kansas offices or the r . s. Department or Agriculture haTe 

aided in the selection or sampline sites and their personnel will furnish descriptions 

or the chemical, ~.irleralo ical and biolo ical characteristics or the soil samples, in 

so far as these are available. The samples will display a wide range in textr.-e and 

coapoeition and should reveal any dependence o.f vertical penetration ottallout upon 

such parameters. 

Sampling equipment has been desi >ned and coutructed or purchased. Chemical 

procedures have een worked out to pernit a sequ ntial analysis for the five nuclides 

to be measured • 

• 
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A number or saMples or carbon dioxide from surfaca air, collected since January 

1960, has been analyzed for carbon-U. The results, iven° in Tabl~ 1, imicate that 
e 

surface air, durin early 1960, was enriched in carbon-14 by about 20 percent O'ler th9 

concentr,tion which would have existed had there bcAn no ?roduction or that radiormclide 

by rmclear weapons tesiing. his is in agreement with data obtained by Munnich and Vogel 

at Heidelberg, Germarv, where the excess carbon-11 reached +30 percent during mid-1959 

but then declined to about +2 percent by the end of 1959 and ha remained near that 

concentration since. I ~ also agrees with data obtained by W. Broecker for J sites 

in the Northe~~ Hemilphere.during late 1959 and early 1960. _Concentrations in the 

Southern Hellti.sphere may still be a few percent lover than those in the orthern Hemisphere 

according to data obtained both by Munnich and by Broecker. Evidently during early 1960 

the rate of escape of carbon-14 f'rom the stratosphere into the troposphere equalled its 

rate of mO'lement into the oceans. 

A nUMber or samples of rainwater have been anal~ed for tritium and the data which 

are available are iven in Table 2. A nuMber of other Sa.J!!ples have been enriched by 

electrolysis and are ready to count, but their analysis has been delayed by difficulties 

with the tritiUJTI counter. The data in Table 2 probably indicate that tritium from Soviet 

tests does not exhibit the rapid fallout which Libby and others have detected for tritium 

from United States ~urface tests in the Pacific. Evidently air bursts inject tritiated 

water into the stratosphere and itthen behaves in much the same way as particulate debris, 

exhibiting a "spring high" in fallout. 

• 
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• 
• 

• 
Table 1: Carbon-14 Concentration in Surtace Air, Wash1!1ton Township, N. J. • 

• 
SUIJ)ling Interval • Concentration relatin to 

• . o. 9S x N. B. s. Standard 

19 Jan - 25 Jan 1960 + 20.9 ! 1.,% 

2 Feb - 9 Feb 1960 • 20.0 !. 1.s% 

23 Feb - l Mar 1960 + 18.5 !. 1.5% 

l ~ - 8 Mar 1960 • 22.u !. 1.5% 

29 Mar r 5 Apr 1960 + 22.h ! 1.,% 

5 Apr - 12 Apr 1960 + 16. 0 !. 2. 5% 

26 Apr' - J May 1960 + 18. ~ !. 1.5% 

24 May - Jl May 1960 • 20.e ! . 1.,i 

Leaves (collected 26 May 1960) + 17.8 !. 1.,% 

21 Jun - 26 Jun. 1960 + 19. 7 !. 1.,i 

26 Jul - 2 Aug 1960 + 20.8 ! 1.,% 

2J Au - 6 Sept 1960 + 18.1 ~ 1.5% 

• 
It 
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• 

• Table 2t o Tritia Concentration 1n Raillrater, W•tvo~ N. J. 

~ l 

• Tfl X 1oJ.8 S..,lilll Date 
" • 

H lpr US9 ll&4<>-
• . • l Ma, l.9S9 1370 

• 
13 Jun l.9S9 • 843 

11 Jul l9S9 6SO 
• 

9 Aue l.9S9 1.LO 

2 Sep 19S9 .,, 
2h Oct 19S9 87 

25 HOY l9S9 h7 

• All aeas\D'e•nta han standard error or about 10 percent 
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l) 

MDSUREMENTS 01' S'lll~fflDtIC IIRTICUIAftS • • 

Studiee have been beg,m ot suplea or stratospheric particles collected b-J bapac~ • 
• • • carried by the -2 aircraft probe. nie majority or the particle, collected lie within • 

• • tne size range between 0.2 and 2 lllicrona in diueter, abow the cut-ott size ror illlpaction • 
• 

Two types or particles appear ·to be present in abundaaoe. One of these haa been idintiried 

. as amr:10nium peroxydisultate by 111eana or electroa titmn!.on measuremente. Most C(111111()nl7 

the larger particles occur surrounded by haloe or smaller particles which are arranged 

1n circular patterns. These suggest t.hat the particles, at sor.1e time follori~ collection, 

rormed water droplet.a about themselves, probably dissolving in them at least partially, 

but that the water droplet subsequently enporated leaving the halo-like residue or 

small particle,. 

Although quantitative estilllates or particle concentrations rt-OIII these SIJIIPles are 

subject to several types of errors it does appear that samples collected in the tropical. 

stratosphere contain more· particles, am particles with a smaller mean diameter, than do 

saaples collected in the polar stratosphere. 

*Amore complete report on this topic appears in the Appendix on page 53, 

• 
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REULTS PROM PHASI 4 AND JIHASI S 
e 

The Diatnblltion ot Strontia-90 in the Stratoephere 
• 

• 
'nit 1trat01pberic d11tribution or etrontia-90 constitutes the beat criterion 

• . 
anilable in the HASP data tor judging the behaTior ot the iotal 1tratospheric burden 

ot nuclear debrie reaa~ tr011 all past injections. Strontiua-90 data rrom samples 

collected dur~ Phue 4 and Phase S hue been ueed in the preparation ot dialt&ffll to 

illuatrate the aean diatribution of strontiUJD-90 in the stratosphere duri~ 1959 and 1960. 

The MI.D d11tribution during 1958 ii lbOlffl 1n Figure 1. that during 19$9 is wbovn in Figure 

2 and that during early 1960 ii shown in Figure 3• Regions of high strontium-90 

concentration existed 1n the lover 1tratosphere during 19$8 as a result ot weapon, testa 

llhich verethen etill being carried out by the United States, the United 1Cingd011l and the 

Sorlet Union. The regione or lov strontium-90 concentration which then existed at high 

altitude• in the polar stratosphere are or interest. It lllllt be assumed wither that 

relatinly little debria trom prmous teats had yet r•ched th11e regions or that, if 

it did r•ch thn, 11Uch or it (probably 110re than hAlf) had already fallen out. • 'The 

ti.rat &111:liption vould 1-plj slow 111.xing between the tropical and polar stratosphere, 

al.over than subsequent changes in strontium-90 diatribution have indicated, vhile the 

second vould -i.pi, a short stratospheric residence time, probably less than 3 years, 

tor debril injected dur~ Castle and edving. 

During 19$9 (Figure 2) the highest strontiUll-90 concentrations were encountered 

in the tropical stratosphere. By early 1960 (Figure 3) the concentrations in the tropical 

stratosphere had decreased but the concentrationa in the high polar etratesphere had 

incmeued. 

These changes are indicated by Figures t, 5, and 6 in which strontium-90 concentration 

in each ot three latitude banda is plotted s a function ot ti.Jla. Strontium-90 data tor 

samples collected within the 10• to 15• North band (Figure 4) ehov that, 1inoe late 1958 

• 



• 

• 

• 
• 

1
0

0 
1

~
 

2
0

0
 3

q
O

 5
 

~
0 

l'.'
.y

U
 
~
 

l~
U

 
1y

v
 

:,
y 

~
7

0
 

5
0

 
5

0
--

t 
'-

--
·

~
 

50
··_

) 
\ 
\
~

/
/3

~\
~ 

~
lr

2
0

0
V

\ 
~
 

·
.5

()
 

-f
6

5
 

~
 

,_
 \ 

\ 
\ 

-
" 

• ·
1

0
0

 
~

6
0

 
I>

 
r 

:a
 

~
 

--
t -

E
 

5
5

 
--

t 

-
~
 

\ 
' 

C
 

1
0

0
 

I 
w

 
I 

• 
I 

' 
c
8

 
0 

~, _
_

_
 

' 
. 

"' 
a 

I 
I 

5
0

 
::>

 
I 

C
l)

 
I 

I 
o

c,
, 

C
l)

 
/ 

. 
w

 
, 

--
Q

: 
15

 
~
 

5 
,.. 

C
l. 

• 
2

5
· 

· .
..

 
/ 

"' 
"' 

..
 __

_ .,,,
,,,, 

--
-.

... 
"' 

• 
• 

· 
..

. 
-1

0
0

 
--

t 
4

0
 

2
0

0
-f

 
'-

..
.,

,,
,_

/ 
D

P
M

 
S

r9
0

 
/

10
0

0
 

S
C

 

N
O

V
 

19
5

7 
-

D
E

C
 

19
5

0 
-I

~
 

9
01

 
S

a
m

p
le

 
N

H
 

6
8

9
 

3
o

o
-i

-
~
 

S
 

H
 

2
1

2
 

. 
.....

.....
.....

 
-i

3
0

 

a
o

o
 

6
Q

O
 

4
0

0
 

2
0

0
 

o
o 

2
0

°
 

4
0

°
 

: 
6

()
0

 

S
o

u
th

 
N

o
r
 t
h

 

F
IG

U
R

E
 

I 
M

E
A

N
 

D
IS

T
R

IB
U

T
IO

N
 

O
F

 
S

T
R

O
N

T
IU

M
 -

9
0

, 
N

O
V

E
M

B
E

R
 
1

9
5

7
 

-
D

E
C

E
M

B
E

R
 

1
9

~
8

 

• 
t:

 

ei
 e 



~
 

5 w
 

a ::>
 

C
J)

 
C

l)
 

w
 

a C
l. 

s 

5
0

 

1
0

0
 

I 2
~

 

2
5

0
-I

 

8
0

° 
S

o
u

th
 

F
IG

U
R

E
 

2 

• 

1
0

9
 

1
5

0
 

2
0

0
 
~

-
-

-
-
-
-
-
-
~

 

- -
5

0
_

/
'
 
/
/
/
 

,,,, 
--

--
--

--
--

--
.. 

.....
. ~
 
~
 

-
-
-
-
-
1

~
 

/ 
I 

.....
 

/ 
/ 

.....
 ' '

 
' 

I 
, 

' 
' 
" 

--
--

_,
oo

 
' 

',
' 

/ 
/ 

I 
' 

' 
/ 

I 

' \ 
\ 

2
5

-
I 

\ 
\ 

1
0

-
-
. 

/ 
D

P
M

 
S

r9
0

 / 
1

0
0

0
 

, _
_ / 

S
C

F
 

\ 
' 

~
 

J
A

N
. 

1
9

5
9

 -
D

E
C

 
1

9
5

9
 

' .....
. ..

_ 
1

8
4

2
 

S
a

m
p

le
s
 

-
-

2
~

 
~
 

N
.H

. 
1

4
0

9
 

S
.H

. 
4

3
3

 

6
0

° 
4

0
0

 
2

0
° 

o
o

 
2

0
° 

4
0

0
 

so
• 

.,.
 

N
o

rt
h

 

M
E

A
N

 
D

IS
T

R
IB

U
T

IO
N

 
O

F
 

S
T

R
O

N
T

IU
M

 -
9

0
, 

J
A

N
U

A
R

Y
 -

D
E

C
E

M
B

E
R

 
1

9
~

9
 

7
0

' 

6e
 

6
0

 

ee
 

~
 

~
 

r .
.
.
.
 

,
i 

.... C
 

0 "' 0 
4

e
 • 

c,
, ,,. "' "' 

4
0

 
...

. 

3
&

 

• 3
0

 

~
 • 



e 

e 

• 

.. ~
 

~
 

E.
 

l&
J 

0
: 

:::
, 

U
) 

(J
) 

l&
J 

0
: 

n.
 

~o
 

e
o

o
 

S
o

u
th

 

F
IG

U
R

E
 

3 

0 

• 
• • 

• 
• - • 

l~
O

 
_

/
_

1
_5

0
 

_.
-1

0
9

-.
 

. 
. 

·....
...,_

__
_ .

.•
 

.-
-
~

 
1

0
0

··
··

··
· 

_.
··

 
2

~
-

IO
-

..
. 

2
~

~
-

~
~

l
!
1

0
 

--
- -.

. '
\ 

-
-
-
-
2

0
0

 

I 7
0

 

6
~

 

6
0

 

~
 

5
0

 
_

/
 

/'
0

0
 . • 

!S
O

 

6
0

0
 

«
)O

 

0
P

M
 

5
,.

9
0

 /
 I

 0
0

0
 

S
C

 F
 

J
A

N
. 

1
9

6
0

-
Jt

JN
. 

1
9

6
0

 

2
0

0
 

6
6

9
 

S
a

m
p

le
s
 

N
.H

.-
6

0
6

 
S

-H
.-

6
3

 

0
0

 
2

0
° 

I I I \ \ 

4
0

0
 

6Q
O

 

M
E

A
N

 
D

IS
T

R
IB

U
T

IO
N

 
O

F
 

S
T

R
O

N
T

IU
M

-9
0

, 
J
A

N
U

A
R

Y
 

1
9

6
0

 -
J
U

N
E

 
1

9
6

0
 

.·
5

0
 

6
' 

4
~

 

4
0

 

3
e

 

•.
 !

O
 

eo
­ N

o
rt

f'
I 

• 

•· s- r -1
 - -1 C

 
0 "' - 0 

c,
, ,. "' "' -1 .... ~ 



•. 

18 

1000 • • • 70,IXXJ feet 
Q • 6~000 • 

e 0 Gf)IXX) • 

!500 ~ !5!5.000 • 

0 • • 0 

• • •••• • • • 
Oe 0 •• • . ., • • •••• ' • • • 0 • 

0 • • ~ 
Oo 0 ••• o 100 Cl) 

0 • 0 0 0 
0 0 0 0 (, 
..... 0 00 

i 
~ 

06 
0 '- 0 ·en 

e 0 0 
Q 0 ,, 

0 

0 

10 

6 

~5t-._---__,~_.....,..... ____ __, _______ ~ ___________ ___. 
A S 0 N 0 M J J A S 0 N 0 J F M A M J J A S 0 N 0 J F M A M J 

1957 • 1958 1959 1960 

FIGURE 4 THE VARIATION WITH TIME OF THE MONTHLY AVERAGE OF STRONTIUM-
90 CONCENTRATION AT EACH ALTITUDE BETWEEN 10° AND 15° NORTH 

• 

0 



19 

• 

a 

□ •o •• 
0 8Q 

o ••o 
6 • • 6 X 66 8hio tli 

Otl 

X □ 
a □ 

tl 66Q 6 

IL • □□ X □ 
O 100 □ □ □ □ 
Cl) z z 

~ X • X 

' X X 

i • z z 
... 
~ 

X a z 
Cl) • z 
e • z 
Q. ,, 

A X 

•· 70l)OO feet 

• 65,000 • X 

0 60,000 . A 
6 ~/XX) . 
□ 00,000 . 
X 45,000 . 
z 40.000 • 

10 
A 35000 . 

~5......., _________ ~------..-........ --.--,-.......,-.,-...,....._...... ___ .,._ ___ ___ 
- ASONOJFMAMJJASONOJFMAMJJASONOJFMAMJ 

1957 1958 1959 1960 

FIGURE 5 THE VARIATION WITH TIME OF THE MONTHLY AVERAGE OF STRONTIUM· 

90 CONCENTRATION AT EACH AL TITUOE BETWEEN 60° ANO 65° NORTH 

0 

0 



20 

1000 

" • 70/XX) '"' • ~ • 0 60000 . 
• 6 5~ • 

□ ~000 • 
)( 4~/XX) . 
z 40.()00 • 

' ' • 
~ 

100 ' 0 • (/) 

~ § 0 
0 

oO 1• 0 -
o• ' 

~ 50 AD 6 l ioO 
~ 

(/) • 6 
E • • □ 

~ 0 6 ,, 
□ 

6 6 8 . ~ D OD X 
X X □ 

z 26 
z 

D z 
X 

D 

10 

z z 
~~...._ __________ ..,...... ___ ,-.,r_.,,,. ___ .,-.. ___________ ---4 

- A S O N O J F M A M J J A S O N D J F A S O N O J F M A M J 
1957 1958 19~9 1960 

FIGURE 6 THE VARIATION WITH TIME OF THE MONTHLY AVERAGE OF STRONTIUM-
90 CONCENTRATION AT EACH ALTITUDE BETWEEN 35° AND 40° SOUTH 

0 



0 

• 

(ft 

when nev injections ceued, the conc,nt.rationa at and aboTe 60,000 teet ban decr-•d 

nb1t.ntially only during the late tall, winter and early spring seuona in the Northern 

H-1.,phere. Thia beharlar can be explained by an inc:reued rate or Mridional lll1xing in 

the stratosphere during the "winter• aeuon. 

The 111"tical concentration:· gradient in t.he 10• to 1S• North band vas 111ch eteeper 

than that in the 60• to 65• North band (Figure 5) during 1959 and 1960 contirlli~ the 

tact that Tertical aix1ng in the tropical stratosphere 1a slaver than that in the 

polar stratosphere. The great increase in strontiua-90 concentrations at 65,000 ree, 

and aboTe in the polar stratosphere during the winter o; 1958-1959 indicates an in!lux 

ot debris from the high tropical stratosphere or an injection or debris at these altitudes 

by the autUllll 1958 Soviet tests. Ir t.he ronaer 1a the case the isotope ratios should 

suggest a age or about Jul3 1958 ror this debris. If the latter ia the cue, tbe 

isotope ratios should indicate an age or about October 1958 tor this debris. I! it 

is Smet debris ve muat US\111 that prerloua Soviet tests had not injected much 

debris abOTe &J,000 feet. Ir it 1a Hardtack debris ve ESt uaae that the injections 

rrom Hardtack raised the concentrations in the high tropical stratosphere b , about a 

factor of three, and, therefore, that little Castle or Redwin debris remains in that 

eart of the stratosphere. Unless· this assW11ption is made, it is diftic,µt to explain 

vhy Castle and Redving debris had not migrated into the polar stratosphere fast enough 

dlll"ing 1957 and early 1958 to keep the concentrations or strontium-90 in the high_pola.r 

stratosphere as high as the Hardtack debris kept them in 1959. As is discussed below, 

both strontium-89 and ceriUJT1-1.L4 data indicate that this debris vas produced by United 

States, not Soviet, tests. 

There is a suggestion in the strontium-90 data for 60• to 65• North that the 

concentrations above 55,000 and below 50,000 passed through a maxi.mun in December 1959-

January 1960. Perhape the rate of meridional mixing between the polar and tropical 

21 
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1tratospt.re1 reached a ux1 am at this tille. The ,ubeequent drop in concentrat1on1 

probabq re1ulted troa an increued rate ot loss or debris to the tropo1pheN and a 

decreued rate ot •ridional ldz1ng vith the tropical 1ource area or t,he debria. the 
• 

failure .or concentrations at SO, 000 and SS, 000 feet, to increue aignificantq •1 ban 
• 
resulted trom lo11 ot debria tr011 these alti tudea to t.he troposphere by wr ot the 

tropopauae gap. 

The strontium-90 data tor JS• to 40• South defini tel1 indicate a _seasonal ettect 

in concentrations in the southern pow stratoephere, again probabl, due to an incruae 

in the rate ot llix1ng betnen the tropical and polar st.ratoapbere during tbe llvinter• 

aeaaon. !Airing the Southern Helli.sphere spring or late 1958, concentrations were high 

22 

1n this latitude band, doubtleas due to an Wlux or Hardtack debria. 'nle concent-ratiom 

passed through a m1niJam 1n the swaer or 1958-1959 but rose again in the autum and 

winter or 1959, probably due to increuing exchange vith the tropical stratoephere. 'nle 

decreasing concentrations in this latitude band during the earl, suaor ot 1958-19S9 wre 

probably cau~ed by llirlng with higher l&titudea in the southern polar stratosphere which 

contained lower concentr.ations of. debris. .lpparenti, by the autU1111 ot 1960 concentrationa 

1n this latitude band had increued scnevhat again. The vertical concentration gradient 

at this latitude vas fairly steep by lli.d-1959 suggesting that source areu in the lover 

tropical stratosphere which had supplied debris during 1958. had been u:bauated and that 

source areas 1n the higher tropical stratosphere had beco• relatinly more important. 

• 



• The Diatribution ot Tung1ten-l8S in the Stratosphere 
I 

• 

23 

1 aeries or diagrUII 1n the Third HASP Technical Report portrayed the stratospheric 

distribution or tungaten-18S during late 1958 and early 1959. In Figures 7 through 10 

ia lhown the stratospheric distribution of tu_ne!ten-185 durine billlonthly intel"ftla tr01t 

September 1959 through pril 1960. Th~ distribution of thia nuclide in the stratosphere 

since its injection in the sullmer of 1958 provides eTidence both on the~ processes 

which occur within the stratosphe re and on the rate or fallout of debris from the 

stratospheric layers L,uT",ediatP.ly above the tropopause. 

Through 1959 and 1960 the highest concentrationa or strontiUJll-90 in the stratosphere 

were located at al titude9 above 70,000 feet but vert'ical mixing was occurring rapidly 

enough to prevent depletion of tl'le lower stratosphere by loss of debris through the 

tropopause. T e observed confi?UT:,.tions could be explained also, however, by invoking 

a meridional circ lation pa t. tern such as that postulated 1n the so-called "Brewer-Dobsor." 

model. he deo-ease in concen~ra tion in the tropical stratosphere and the increase 1n 

the polar strat ospt ere which occurred from 1959 i nto 1960 are the effects which would be 

prAdicted for such meridional circulation. They would also be predicted. however, by the 

HASP !l'lOdel which included period! of rapid mixing between t he lower tropical and lower 

polar stratosphere and rapid vertical mi.xine int.he high polar stratosphere during the 

winter season. This latter model is preferred over that which invokes meridional 

circulation ,because of the observed distribution of stratospheric tungsten-185. As 

illustrated in Figures 7 through 10 the tungsten-185 concentrations encountered at 50,000 

feet 1n the polar stratosphere have consistently been higher than those encountered at 

65,000 to 70,000 feet. The tungsten-185 was originally injected into thA tropical 

stratosphere and the highest atmospheric concentrations have always been found in that 
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region at altitudes aboft 60,000 teet. Tia the tung1ten-J8S in the lower 1trato1phere 

ot the polar regions has spread there rrom the tropical idjection site without passing 
Cl 

through tbe higher layers or the polar stratosphere. In the po~ stratosphere it has 

undergone vertical ~ but the rate or up,ard Mixing haa been IUfticientl.y slow 

COfflPl.!"ed to the rates or horizontal ndxi~ that the zone ot high concentrations 1n the 

lover stra~sphere baa persisted. This indicates that any h7POthesized meri'11onal 

circulation through this region or the stratosphere bu operated too slovlf to ottaet 

t.ne effects or turbulent mixing and cute doubt on the existence or such a circulation. 

28 

It alao shOV1, however, that horizontal mixing occurs within layers more or leea parallel 

to the tropopauae and that this nn.x1ng can produce rather raplld dif'tuaion or injected 

debris through a wide latitude band. Thus by September 1958 quite signi!icant quantitie1 

or tungsten-185 had spread into both the northern aoo southern po'1ar regions. Becauae 

these mixing surfaces slope toward the pol.ea it 11 possible tor air rrom the high tropical 

1tratosphere to be carried into the lover polar stratosphere by meridional lllix:1.ng. Such 
f 

m:1xing can be used to gplain the obaened appearance ot ozone, which is produced in the 

high tropical stratosphere, in the polar regions during each spring, tor an increase ' 

occurs 1n the rates or meridional miDng during the winter. This theory also explaina 

vhy air in the lover p6lar stratosphere, which mues readi~ with the Teey cold lover 

tropical stratosphere, as well a! air in the high stratosphere, which once passed through 

some portion or the lover stratosphere, has a wry low water vapor pressure. 

In Figure ll are meridional profiles of the activities in the zone or nuiJlum 

tungaten-185 concentration tor each or fin bimonthly interval.a. To prepare these curves 

the data tor the altitude with the highest tungsten-18S concentration was ,elected tor 

each 5 degree latitude band tor each bimonthlf in~al. The curves COJIIIIO~ show a 

nd.n1awl in the middle latitudes or each hemisphere. These are probab~ attributable to 



• 

IOOl)OO 

~.000 

-IL. 
0 
(I) 

§ 
' e 10,0CX) Q 
~ -
► 
t-

> -
t- e,ooo u 
4 

(') 

CD 

z 
l&J 
t-
(I) 

(!) 
z 
:> 
t-

SEP. - OCT. I9~ 

~ 
\ 
\ 
\ 
\ 
\ 
\ 

29 

\ 

\ -------\ .,. ' / ....__/ 

~ 40° Y1' 200 10° CJJ 10° 20° 30° 4()0 ~o 6()0 

South L ~TI TU OE North 

FIGURE 11 

• 

0 

TUNGSTEN-I85 ACTIVITIES (Corrected to 15 AUG. 1958) IN THE 
ZONE OF MAXIMUM TUNGSTEN -185 CONCENTRATION 

0 



0 
0 

'" 

ll1Jdng or atratoepheric and tropoepMJ"io air in the ncinity or the tropopaue gap. 

!ri.dant]J, atlloapheric conditiona under which 111.xing occura betlllen the lowr tropical 

and lover polar awatoepher• alternate vi.th conditiona under which the lOIIW polar 

1tntoapber1 llixe1 with the upper tropical tropoephere. 

In figure 12 are plotted the higheat tanpten-l.8S ftluea tound 1n tbe tropical and 

in the northem and eouthern polar etratoapherea during eacll billonth]J intern.le (kch 

ot these numbers is the nerage tor all auple1 collected within a pai"ticular 10 .degree 

latitude band mi SOOO toot altitude layer during the billonthly intenala. The 11.111ta 

• • or the tropical stratosphere vere taken u 30• North and y:J• South.) The reaidenee half 

ti.Jlle in the tropical stratosphere appeared to be about S 110ntha (u a w1n1.,.) during 

thia time. The ratio or the 11171mm activiti11 in the tropical to th11e in the northern 

polar stratosphere during more than a year reimained cloee to 2. 'nl1a suggests a unitora 

ra~ or m· xi~ between these tvo regions regardless or sea1on. Thia is in diaagreement 

with other nidence which suggests an increase in the aix:1ng rate during the winter. 

The ratio between the max1Jlwn coneentrationa in the northern and 1outhern polar 

stratoepheres passed through a maxinnJII in January-February 1959. 'nus is conaiatent 

with a muinlm in the tropical-polar mix~ rate in the winter and a lftinimull in the 

sUJ11ner. or course, any conclusion based on thee "ll&Xi.Jlua concentrationa" ii suspect. 

becauae or the arbitrary unner in vhieh these values vere chosen. It would appear 

f'rom the data that the mixing phenomena are rather co11plicated, howner, and until 

they are understood any eelection or data will be arbitrary . 

• 

• 
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flit Dilt.ribution ot Rhod1,._1m in the Stratoepher• 

'ftle inJection ot •1bout .3 •pcuriee• ot rhodi,-.lO'l into the high at.aoaphere 

( aboft 100, 000 teet bf a •pton yield nuclear -,pon detonated in a rocket 

onr Jobnaton Island in .luguat 1958 prorldtd a tracer tor the bebaTior ot high altitude 

debria. It aeeu reasonable that the mixing and tallout rates ot th1a debru.repreeente 

a l1ll1. t on t.he ratea tor debris tro• 1urtace bursts. Thua the 1tratoepheric retidence 

ti.Jle ot debria troa Castle, Redving &Dd Hardtack should be shorter than, or at leut 

no longer t.han, thoee indicated by the rbodiua-102. 

According to data obtained by lalbtein at 1FCRC through the anal.yaia ot tilter 

auplea ot stratospheric air, the atratoapheric concentrations ot rhodi,..l<Y2 in the 

Northern Heaiaphere increased during the autumi ot 1959 to Taluea abOTe those a,tributable 

to injections ot rhodiu.102 by Hardtack aurrace bunts. Meuurementa ot 1trat01pheric 

air in the Southern Heaiapiere by Kalkltein 1ugge1ted that siJlilar increase -.y ban 

occurred thc-e in the autuan (May, June) or winter (July, August) ot 19S9 and that by 

the ntan (June) ot 19~0 the rhodia-102 concentrations int.he Southern Hemisphere 

equalled those int.he Northern Hewphere. 

1 maber or HASP 1uple1 collected during the vin~r ot 1959-1960 in the Northern 

Hlllisphere han been analysed tor rhod1ua-1CY2. The mean concentutione indicated by these 
o • I 

11.111pl11, arranged according to the SOOO root altitude la19!" am accor~ tot.be region 

(south ot Ruley, south or Laughlin, between Iaughlin and Minot, or north or Minot) in 

vhicb they were collected, are ginn in figure 13. It 1a rodent that the highest 

concentrations occur at the highest latitudn and highest altitudes. This latitudinal 

diatribution ot actiTitiea is contirmed by the AFCRC data. 

i 
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• 

I~ 1a trident tat U1e rbodiua-102 1a being brc.ught dovn tr011 ite original injection 
0 tlte bJ 1t.rong nrtical lli1::1ng in the pow- 1trat01phere during the "vinter" Huon (late 

autan to url7 1priag ). The nrtical concentration gradient sugge3ta that nrtical 

~ rather than 1ublidence or air ia th• -.in tactar in the appearance ot rhodiua-l<Yl 

below 70. 000 tHt• The rbodiua-102 in the tropical 1trat01phere probably reached there 

through dOlllll&rd auing into the polar stratosphere and the:, lateral mixing into the 

\ropical stratosphere. 'nle total uount or rhodiua-102 in the 1trato1phere or the 

Norther?\ Hemisphere duri~ the winter or 1959-1960 was about o. 2 J megacurie ( corrected 

tor deca7 to August 1958}. Thua during the second year atter its injection at high 

altitude about 8 percent or the rhodiua-102 actinty was can-ied dovn into the lover 

1trato1pbere. Quite prol::abl, it required a year following the injection or the rhodium 

tor large quantities to reach the top or the stratosphere by particle settling and then 

lli1::1ng through the ozone layer. Ir this is 10, the rate or transfer or rhodiWl-102 into 

the lover stratosphere (and into the troposphere) could increase rather than decrease during 

th11 coming year. 

It •1 be noted, on the basia or the rhodiWl-102 data that it Teak and 0r,.~e, which 

are described as "megaton" weapons, each injected O.l megacurie or strontium-90 into the 

high ataoaphere, the UlOWlt or strontium-90 from these weapons which had reached the 

lover stratosphere by mi.d-1960 was probably less than 0.02 megacuri.e. 

Untoriunately, there are sneral possible errors in the rhod1~102 data. 'Ihe 

aadt yield ot rhodium in the high altitude shot is not known, the branching ratio of. 

mhodiua-102 is not lmown exactly, and Kallitein has discovered the presence or an-apparent 

long 11.Ted isomer of rhodiua-102 which introducee uncertainties in the correction or 

rhodiWl-102 measurements for decay. In addition some recent HASP measurements or 

rhodiua-102 have been in error because or deterioration of the scintillation crys~l 

used to count them. Some worry has also existed that rhodium might be lost rrom HASP 



• 

samples during the ashing procedure. Theoretically none should be lost but until nov 
it was not possible to check this experimentally• A •hot" spike has been obtained recently, 
however, and tis potential loss 18 being checked. 

• 
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The Distribution or 9erylliwn-7 in the Stratosphere 

A numbrr of HASP sanples, collected during the winter or 1959-1960, has been 

analyHd tor berylliwn-7, a product of the interaction of cosmic rays with the atmosphere. 

The sa:ne samples that were anal;ned for rhodium-102 were also analyzed for beryllium-7. 

The mean concentrations, vi.th data arranged accordinp t o th latitude and altitude or 

collection of the saJTtples in t.h same manner as ar t he rhodiwn-102 data in Figure 1 , 

are given in Figure 11, expres5ed i n dpm Be /1 SF, an in F'gure l, expressed in 

atoms or beryllium-7 per gra.Jl'I of air. The ob erved disttibution of decay rates is 

similar to the distribution of production rates which was predicted, based o• measure­

ments oi cosmic ray activit i es and on the calculations of the rate of production of 

berylllum-7 by cosmic rajS, The differenc s etween the bserved concentrations and 

those w ich would be predicted if there was no mixing at an can be· attributed to loss 

of beryllium-? to the troposphere thro h t he tropopause, and especially through the 

tropopause gap, 'lhe value of these data for detecting mixin within the stratosphere 

is limited by the tendency of isopleths of production rates to parallel the directions 

of high mixing rates (as derived from tun sten-185 data), As a reault they cannot be 

used to prove that there is rapid meridioNl ITlixing i n the stratosphere but they do 

put limits on the possible rates of vertical and horizontal Mixing. 

~ 
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The Distribution or Strontiua-89 in the Stratosphere 

The mean atrontiUll-89 - atrontiua-90 ratio has been calculated, tor each aonth tor 

which there are data, for each or three regions of the stratosphere I the tropical 

1t-ra tosphere ( 30• North - 30• South), the northern polar 1t-ratoepher1 (north or 'JO• 

North)1Bi the southern polar stratosphere (south or JO• South). For the tropical 

st-ratosphere (Figure 16) o:il.J samples collected at 6o,OOO to 70,(X)() feet were used. 

For the northern polar (figure 17 ) and southern polar stratosphere (Figure i8 ) the 

data were divided into three sets: one for samples collected at 1),0XJ or 35,000 teet, 

a second tor samples collected at ~0,000 to 55,000 feet, and a third tor samples collected 

at 6o, CXX) to 70,000 feet. A cur,e has been drawn throu h the points for the tropical 

stratosphere in Figure 16 and this curve has been repeated 1n Figure 17 am Figure 18 

tor purposes or cCJTIJ)U'ison. 

Between November 1958 and September 1959 the ratio 1n debris in the tropical 

stratosphere fell in respons~ to the decay or strontium-89. The apparent date of 

origin or this debris, obtained by extrapolating the line back to a ratio of 180, 

is July 1958, in good agreement vith its deri'lation from Hardtack. After September 

1959 the ratio ceased to fall, either because of the influx of youn er material from 

some other regiob of the stratosphere or, more likely, because the strontium-89 could 

not be measured accurately in the low concentrations present in the tropical stratosphere 

in late 1959. 

By January 1959, the debris sampled in the northern polar stratosphere had the same 

apparent age as that sampled in the tropical stratosphere. This correspondence in 

&PI9l'ent age between the polar and tropical stratosphere continued until at least 

September 1959. The only exception was found in cata for samples colJ.ected at 30,000 

to 35,000 feet during April 1960 (Sea iish Special No. 3). These gave a higher sr89/sr90 

ratio than samples collected at hi~her altitudes. 

() 
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Tl')ere are two explallationa for the apparent age or the debris in the northern 

polar stratosphere. The first is that it represents a rdxt\lre ct debri.! from the 

• 6ctober 1958 Soviet tests with older debris. Ir it is assumed that the older debris 

contained no strontiwn-89, the Soviet debris contributed about 27 percent of the . strontiUlll-90 in the polar stratosphere. Ir the old debris did contain strontiUJll-89, 

less than 27 percent of the strontiurn-90 came from the October 1958 Soviet tests. 'Ille 
second explanation for the apparent age assumes that virtually all debris from Soviet 

tests had fallen out, or at least had not been muted into the part of the stratosphere 
which HASP was sampling, and that the aPJarent age or the debris was caused by the 

transfer or laree quantities of debris from Hardtack into the polar stratosphere. 

Perhaps some Soviet debris remained in the very 1ov stratosphere below uo;ooo feet 

but it it did it was certainly present even there in only low concentrations. 

The chan e in Sr 915r90 ratio which occurred in the northern polar stratosphere 

in ctober 1959 is sirnilar_to that which occurred in the tropical stratosphere at the 
same time. Again it seems more likely that the failure or the ratio to continue _ailing 
is due to analytical error rather than to the Wlux of youn material, especillly since 
the ratio for debris from L0,000 to 55,000 became higher than that for debris from 

60,000 to 70,000 feet and the only likely source of younger material lay above 70,000 

feet. 

The Sr 9/Sr90 ratio in debris in the southern polar stratosphere was lower than 
that in debris in the tropical and northern polar stratos}ilere throughout early 1959. 
However, the ratio increased steadily durin this interval and by mid-1959 it was the 

same (or almost the same) in the southern polar stratosphere as it was in the tropical 
stratosphere. Even in September and October 1958 the apparent age of debris in the 
louthern Hemisphere was only two months older, for debris at 40,000 to 55,000 feet, 

• 
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or tin 110ntha older, far dabria at 60,000 to 70,000 tNt, than that ot ct.bria. in the 

tropical atratoephere. The ftl'iation vit.h altitude ot the apparent ap ot tbiadlbria 

1Ugge1t1 that eit.her Hardtack debris med preferentially into the lOlf southern polar 

1tratoapher1 or that Hardtack debris ~m higher altitudes llixed vith mre old• debria 

(either in the tropical or in the southern polar stratoephere)than did~ debru 

tr011 lonr altitudll • 
• 



• 

• 

• 

The Distribution ot CeriWl-144 in the Strato1ph£! 

The •an ceriW1-14L - strontiua-90 ratio has been calculated, tor each 110nth tor 

which there are data, tor each ot three regions or the 1tratos}ilere, the tropical, 

northern polar and southern polar stratosphere. The data tor this ~atio are plotted 

in Figure; 19, 20 and 21 in much the same way as sr89/sr90 data are plotted in the 

pr,eceeding figures. 

For sam~les ~ollected in the tropical stratosphere (Figure 19) since September 

1958, the data fit the theoretical d,cay curve tor thia ratio quite satistactorily •• . 
For 88.Jllples collected in the northern polar stratosJilere during this same interval 

the data show more scatter and there is a distinct difference between the ratio in 

Salllples col ected at 55,000 feet and below and that in samples collected at 60,000 

feet and above. The data for samples collected in the southern polar stratosphere 

show even more scatter thou h there is no obvious altitude ef'fect. In all regions 

of the stratosphere which were sampled the apparent age of the debris is older 

according to this ratio than to the Sr 9/sr90 ratio, probably because the bulk ot 

the debris presant in these re i ons was derived from United States p,rouni shots in 

the Pacific which produced fractionation of strontium-90 relatu,e to ceri\Dll-l1L. 

Only two important sources exist which could contribute debris w:i.th a cel.l.ili/sr90 

ratio hi c,her than that found in debris in the tropical stratosphere J material from 

the October 1958 Soviet and material from the Au gust 1958 United States high altitude 

rocket shots. The ratio should be hi her in debris from these sources since they 

probably produced no fractionation. 

The debris present at u0,000 to 55,000 feet in the northern polar stratosphere 

at the beginning of 1959 had a ce14L/sr90 ratio slightly higher than that in the 

tropical stratosphere, probably because of the admixture of material from the October 

1958 Soviet tests. If it is assumed that this Soviet material was mixed with very old 
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FIGURE 20 VARIATION WITH TIME OF THE MONTHLY AVERAGE FOR Ce 144 / 
Sr90 IN SAMPLES COLLECTED IN THE NORTHERN POLAR STRATOSPHERE (30°N -9QON) 
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deb'ia which contained almost no ceriua-1.Lu, the Soviet contribution may have been al.Jnost 

50 percent. If, as is more likely, the Soviet material was m·xed with debris which had 

the same nuclide ratios round in the tropical stratosphere, the Soviet contribution ~waa 

less than 20 percent. The debris present at 60,000 to 70,000 feet in the same region 

at the same time had a lightly lower ce114/sr90 ratio than was found in the tropical 

stratosphere, probably because of a small contri ution of older material frrom Castle, 

• Redving, etc.) . 

By the sprin of 1960 the celh4/sr90 ratio was sli htly hi her at 60,000 to 70,(X)() 

feet than it was at h0,000 to 55,000 feet and all debris in the northern polar stratosphere 

had a higher ratio than that in the tro ical stratosphere. This was 111ost likely due to 

the tra~port of debris from Teak and ranee into this region duri rg the winter of 1959-

1 60. The concentration of strontium-90 from these rocket shots which was present 

between 60,000 and 70,000 feet by early 196o may be calculat~d, by assuminf a Rh102 

injection of about J megacuries and a total&rontium-90 injection of about 0.2 me acurie 

for Teak and Orange, to be about 7 dpm/1000 SCF, or about 3.5 percent of the total 

strontium-90 concentration. sin the cerium-114 data and assuming that debris from 

Teak and Oran e, unmixed with any older debris, was added to debris with the same 

Cel11/sr90 • ratio as was present in the tro~ical stratosphere, it may be calculated that 

between 25 and JO percent of the debris above 60,000 feet in the polar stratosphere in 

March 1960 came from the rocket shots. The true strontium-90 contribution from the 

rocket shots probably la: between 3.S and JO percent. 

The tendency for ce144/sr 90 ratios in the southern polar stratosphere to be less 

than the ratios in the tropical stratosphere is doubtless due to the mixture of Hardtack 

debris with older debris as itW!.s transported so ithward. T~ explain the ratios found in 

the southern polar ~tratosphere we could assume that by mid-1959 about 85 percent of the 

debris prespnt i n the o~thern polar str atosphere had been derived from thP lower tropical 

stratosphere (primarily from H~dtack injections) and that the remaining approximately 

© 
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15 percent was tr011 debris so old that the cer.lum-144 concentration vu negligible. 

By June 1960 wing between the tropical and southern polar stratosphere had apparently 

been sufficient to nn a uniform celh4/sr90 ratio through both regions. Actually, 

there may hue been a significant proportion or old material still Jr'!aent in the 

southern polar stratosphere but its etr&ct on the ce114/sr90 ratio may have been 

ottset by the presence of debris rrom Teak and ran e. 

,o 



Conclusions Based on Data for Phase L and Phase 5 

The data obtained from Phase 4 or the sampling pro ram have ,erved to delineate 

the distribution of nuclear debris throuGh the stra osphere during late 1959 and to 

indicate the chan es which occurred in this distr'bution d1rin , the winter of 1959-196o. 

The data obtained t'rC\1'11 Phase ive 0i7.~ idea of the changes which had occurred in the 

disttibution of debris throu h the stratosphere of the Southern Hemisphere during the 

interval August 1 5 - -tay 1960. 

A numer of conclusions may be drawn from these data including the following: 

(1) Since the sprinp or 1959 the distributi on of nuclear debris through the 

stratosphere has c .an ed only very slowly as evidenced by the strontiwn-90 data. 

Sl 

The net effect of those chan es which have occurred has been a decrease in concentrations 

in the lower tropical stratosphere, l i ttle or no change in he concentrations in the lower 

northern polar stratosphere (i.e. below 70,()()() feet) and an increase in the concentrations 

in t he so thern olar stratosplere (at least etwee n 60,000 and 70,000 feet). 

(2) hanges in ti e d'stribution of nuclear debris within the stratosphere appear to 

occur mainly as a result of turbulent mi.xin 1 • It is evident that tram the tungsten-185 

data that, if there is a meridional circulation affeeting stratospheric air, it lllllst 

operate quite slowly compared to the two ear interval which has passed since the 

injection during Hardtack of turwsten-1. 5 into the stratosphere. vidently mixing takes 

place parallel to concentration gradient and, since vertical mixing is quite slow in the 

stratas. here, it is the rate of vertical mixing which detemines the stratospheric 

residence time of that debris which has been injected well above the tropopa.use. 

(J) The chan e~ which have occurred in the stratospheric distribution of debris 

appear to have resulted mainly from an increase in the rates of horizontal mixing between 

• 
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the tropical stratosphere and the polar stratosphere and from increased rates of vertical 

Jld.rlng vithin the polar stratosphere durinr the winter season of each hemisphere. Both 

st.i,ontiurn-90 and tungsten-185 data bear this out. In the Southern Hemisphere these 

increased rates of mixing appear to have become 111anifest by May and to have exteooed 

through October. In the Northern Hemisphere there tire indications that they have 

prevailed rrom about October through 1'1arch. Thus each hemisphere appears to experience 

a •1Ullllll" season during which mixing coefficients are small and a "winter" season during 

which they increase. 'nlis is consistent with the existence of t he "winter polar vortex" 

which has been observed in the stratosphere of the orthern Hemisphere during the winter 

season. 

(L) The changes which have been observed in t he distrib~tion of debris in the polar 

stratosphere durin the winter do not indicate an important role either for subsidence of 

air vithin the "winter vortex" or for s bsidence of air as a result of e.,rly break-up of 

the vortex during the late winter. The changes which occur seem to reflect rapid mixing 

between the lower tropical stratosphere and the lower polar stratosphere along surfaces 

which slope dovnvard toward the poles rather than t he vertical dis placement of polar air. 

A decrease in the vertical concentration gradient does occur within the polar stratosphere 

during the winter but this an explain d most reasonably by an increase in the coefficient 

of vertical mixing. 

(5) Detectable quantiti es of debris from range shot, ori inall y injected above 100 

kilometers in the tropical stratosphere, had descended to below 70,000 feet in the northern 

polar stratosphere by (or during) the winter of 1959-1960. According to the Rh102 data 

obtained by Kalkstein at AFCRC the first debris clearly derived from the high altitude 

injection appeared in the lover stratosphere of the Northern Hemisphere during the autumn 

or 1959 and in that of the Southern Hem.tsphere either during the autumn of 1959 or during 

that or 1960. The cerium-1.lili concentrations in debris in the polar stratosphere by mid-

1960 suggest that as much as thirty percent of the debris in this region may have been 

derived from Teak and Orange. 

a .. ~-. • Fe ly 
J. Spar 



APPmJDII 
SIZE DISTRIBUTION and COMPU51TION 

of 
STRATOSPHERIC PARTICLES 

Samples of stratospheric particles collected 

by impactor probes show two general types of size distribution, 

one charact e ristic of tropical and the other of polar stratos-

phe ric air. The vast majority of particles with radii less 

than I. 5 microns we r e found, by electron diffraction measure -

m ents, to consist mostly of ammonium persulfate plus some 

ammonium sulfate. It was possible to correlate either the 

surfac e ar ea conc entration or the volume concentration with . 

. 
the strontium-90 concentration of the sampled air with a 

standard de viation of about 40 o. Only tentative conclusions 

can be drawn about th e p j ~ical meaning of the relationship 

of nuclear debris t c stratosphe ric sulfate particles. 

Data on stratosph e ric strontium-90 concentrations are 

used to perform an approximate calculation of the quantity 

and residence time of sulfate in the stratosphere. 

Size analyses have been performed on samples of 

stratospheric particles which were collected at altitudes 

between 40, 000 and 70, 000 feet by U. S. Air Force U-2 

aircraft during the cours e of the High Altitude Sampling 

Program. (1) 

53 



• 

0 

• 
Impaction probe s for coll ction of stratosph ric 

particl s w r install d in two of th aircraft. 

Th prob , which was d sign d by Jung and co-

work rs at Air Fore Cambridg R s arch Laboratori s, 

has a diam t r of 1. 5 cm and an impaction surfac with an 

a r a of 1. c m 2 . Vol um s of am bi n t a i r s a mp l d rang d 

from ( . 5 to 6) x 10 8 cm 3 during xposur p riods of 3 to 

7 hour Th impaction surfac s consist d, of formvar films 

coa t don 00 m sh gold scr n. From ach sampl four 1/8 
• 

inch d1 cs w r punch d for us as 1 ctron microscop 

sp cim ns (2). S v ral 1 ctron micrographs of ach sp c1-

m n w r mad in an ffort to nsur r pr s entativ n ss for 

particl siz fr qu ncy m asur e m nts. El e ctron micrographs 

of som typical stratosph ric particles ar shown in Figur 1. 

Most of th e s particl s, which hav radii in the rang 

from 1 ss than 0. 10 micron to 1. 5 microns, gav e e l e ctron 

diffraction patt e rns corresponding to ammonium pe rsulfat e , 

(NH4 )2s2 o
8

. Some of the particles were shown to be ammonium 

. 
~sulfate, (NH4)z SO4 , by measurement of crystal angles and by 

e 1 e ctr on diffraction. 
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The sulfate and persulfate particles were hygroscopic 

and were found to be somewhat volatile in the electron beam. 

The identification of sulfate and persulfate as constituents of 

stratospheric particles represents an independent corroboration 

of the work of Junge and co-workers (3 ), who used electron 

microprobe analysis to de"ermine the presence of sulfur in 

a erosol sampl s collected by means of high altitude balloon 

and aircraft flights. 

F ew of the particles with radii greater than I. 5 microns 

contain sulfat e . Most of these large particles have a higher 

electron optical d nsity and more irregular outlines than the 

sulfat e particles. Occasionally spher e s of high density with 

diamet e rs smalle r than on e micron were found. It is possible 

that some of th s non-sulfate particles are extra terrestrial 

in origin. 

Th e particl e s as they appeared in the electron micro-

graphs, wer e counte d and classified according to radius. 

The number of particles in each class was corrected for 

impaction efficiency for a cylindrical surface according to 

the method of Ranz and Wong (4) using a particle density of 

2 gm/cm3. The density of (NH4 )2 s2O8 is 1. 982, that of • 

(NH4) 2so4 is 1. 769. Because the impaction efficiency for 

pa~ticles smaller than 0. 1 micron radius is very small (? 2%) 
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• 
the lower limit of radius of particle, cla11ified wa1 O. 1 

micron. Figure 2 1how1 two average diltribution1 of 

particle radii plotted a1 d{l;r ) dm - 3 (concentration) 

vs r (radius), where dn ii the number oi particles per 

cm 3 of air with radii in the interval d(logr) (5) Table 1 

lists the data pertinent to the individual samples from which 

he ave rage distributions were computed. The curve marked 

"tropical" is composed of data from all Sjmples which were 

aken from air above the tropical tropopause plus two 

samples from the vicinity of the tropopause gap (30° to 50° 

la i ude, 40,000 t o 60,000 feet altitude) The "polar" 

curve represents three samples of air from the vicinity 

of the Rap and one sample( No. P- 3) fr om above the polar 

t ropopause The two distributions are clearly distinguishable 

in the region of 0. 1 to O. 3 micron radius where there is no 

overlap between the two groups and the concentrations in 

polar air are about a factor of four lower than those in 

tropical air. For radii from 0. 3 micron to 0. 5 microns 

the curves lie close to each other with considerable overlap 

of individual distributions from the two groups. The disparity 

between the curve• from O. 5 to 1. 5 microns radius is probably 

the result of considerable variation of the number concentrations 

of particles in this range from sample to sample; thus no significance 

/j) 
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is attached to the difference in the curves in this region . 

In addition to th~ effect of population variations, the differ­

ence between the curves f &r radii greater than 1. 5 microns 

is of little or no significance because of the small number 

of particle s observed in each sample. 

Table 1 also lists the strontium-90 conc entrations (in 

dpm/cm3) of the air sampled by the probes and filters 

ave raged ov r the flight paths. The strontium-90 concen­

trations wer e obtained from the HASP filter paper samples, 

most of which were exposed simultane ously with the partide 

collections. No filt e r sample s were exposed during the collec-

tion of samples P-2 or T-2 and th e strontium-90 concentrations 

had to be esti~ate_d from HASP collections in the same vicinity 

a few days· prior to and a few days following the particle 

collections. From the data listed in Table 1 it is observed 

that (excluding samples P-1, P-2, and P-3) the average 

ratio of strontium-90 concentration to volume concentration 

is (7. o.! 3. 0) x 109 dpm/cm3 of aerosol and the average 

ratio of strontium-90 concentration to surface area concen-

tration is (5. o! 2. 0) x 104 dpm/cm2 of aerosol surface. The 

40% standard deviaHon in each rati o is c onsid ered to be 
• • 

reasonable in view of an estimated 20% standard deviation 

in the averaged strontium-90 concentrations and the problem 
0 G 

of obtaining consistent particle size distributions from 
n 
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electron micrographs. 

Two conclusions may be reached on the basis of the 

• particle size concentration spectra and the particle chemical 

compositions . 

1) There appears to be a relatively persistant aerosol layer 

in the stratosphe r e xtending to an altitude above 70, 000 feet 

(to. about 80,000 feet according to Junge (3) ). 

2) Particles compos ed of ammonium persulfate and ammonium 

• 
sulfate c.ompris e almost all of the a e rosol in the radius range 

from 0. l - 1. 5 micron which, in turn, comprises more tha!} 

90% of the total mass of th e aerosol. 

The most likely sourc e of the sulfate particles is H2S 

and SOz of t e rr e strial origin which enter the stratosphere by 

some mixing process and ar e subsequently oxidized to SO4 by 

ozone and ultraviolet radiation t3 ). 

It is probable that the strontium-90 associated with particles 

in all samples except P-1 and P-2 originated primarily from 

lower stratospheric i!}jections of nuclear debris and especially 

from the Hardt ack test series. The high strontium-90 content 

of samples P-1 and P-2 may be due to the descent into the 

lower polar stratosphere of nuclear debris from the high 

altitude rocket shots of August 1958 during the month preceed-

ing sample collection (6) 

. 
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This debris from two high yield shots v·ould be associated 

with relatively few particles. The low atrontium-90 content 

of sample P-3, the only sample collected at 40,000 feet in 

the polar stratosphere, is probably due to dilution of the 

original particles bearing debris with freshly formed 

particl s in the low stratosphere during the spring season 

when th ozon content was higher than during the winter. 

• 

Th strontium-90 had been in the stratosphere long 

enough to hav e und r gone vertical mixing (with a coefficient 

of ve rtical diffusion of 1 o4 cm2 /sec) throughout the altitude 

rang in which the aerosol xists (tropopaus to 80, 000 

f e t) ( 7 ). It then is quit likely that the strontium -90 had 

b ecom incorporat ed into th e strato s pheric sulfate particles 

and that th distribution of strontium-90 in the stratosphere 

in the spring of 1960 was determined by the distribution of 

the sulfate aerosol. 

Since the standard de viations of the mean ratios of 

strontium-90 concentration to particle surface area and 

particle volume concentrations are both about 40%, it is not 

• possible to determine whether the mechanism of incorporation 

of nuclear debris with sulfate particles wa.s one of coagulation 

of small particles of debris by attachment to the surface. of 

larger sulfate particles or by incorporation of small particles 

of debris into growing sulfate particles. 
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Since the debris was more than a year old when sampled, 

it is reasonable to suspect that both mechanisms were 

involved. 

The total stllfate burden of the stratosphere can be 

e stimat d using the HASP strontium-90 inventory of 0. 60 

m gacuri e (6) and th av erage strontium-90 concentration 

t o a erosol volum e concentration of 7 x 109 dpm/cm 3. 

Assuming th composition of tne aerosol to be ammonium 

p rsulfat (density 2. 0 gm / cm3 ) the mass of sulfate in 

the stratosphe r e is estimated to be 3. 2 x 105 kilograms. 

This calculation neglects the possible effect of production 

of particle s in the polar stratosphere, which would dilute 

th e strontium-90 content of the aerosol in that region. 

Th e s-timat ed sulfat e content, therefore, may be low. 

How ev r, not enough <lat.a -&xi-&t -at ~re~ent to justify more 

r efin d calculations . 

On th e assumptions that the strontium-90 and sulfate 

concentrations are related as described above and that the 

residence half-time in the stratosphere of strontiu m-90 

of tropical origin is 1. 0 year, as found in HASP (7), the 

stratospheric production rate and removal rate may be 

e stimate d to be approximately 2. 2 x 105 kilograms of SO4 

per year. 

• 
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