
411042 ::, :, “,..” ,, <,. ., :

apparent “age”

results are pre-

and the half-lives

were employed by

In a note by R. J. List in an earlier repofi (=”7T, -IM+’XS39-4-3 ),-fi~—

was not cd that rainfd.1 at Westwood, N. J. and PittsburGh, Pelmylvtia after

about January 1959 contained Sr-90 which was highly dominated by debris which

dated from the Soviet tests in October 1958. Taken literally, over 75? Of

the S2-90 could be attributed to the date of Octo”oer18, 1958.

A similar and more extensive analysis is made of the fission products

collected by l?ro~ectAsh Can in the stratosphere since November 1958. In this

case, several short lived isotopes were used to determine an

and a fraction of October 18th Sr-90 (Soviet debris). These

sented in Table 1. The ‘ratiosof radioactivityat formation

of the radioisotopes were taken from (1) and are the same as

List for the fallout calculations.

Table 1 shows that the origin of the bulk of the stratospheric Sr-90 after

November 1958 is more likely Hardtack or earlier than the October 1958 Soviet

test series. Further, it shows that (except for the Ce-144/Sr-90 results which

will be discussed below), much les”sthan 75% of the”Sr-90 was attributable to

October 1958.

We shall.first discuss some of tine possible sources of error in comparim

‘theapparent age and fraction of Sr-90 from October 1958 in fallout and strato-

spheric samples. We will then describe a meteorological interpretation result-

ing from this difference.

The computation of apparent age’from a pair of fission product radio-

isotopes is subdect to several souxces of potential error.

First, fractionation of the isotopes is known to take place. Thus, the

assumed thermonuclear fission yield ratio for Cs-137/Sr-90 is usually exceeded

by a significant factor in the stratospheric samples. This departure from the

ratio might also be due,to erroneous estimates of fission yield of either

radioisotope or due to differing efficiency of collection by the fallout or

stratospheric 6amp1i.ng procedures.

* Japan Meteorological

If-.

Agency assigned to the U. S. Weather Bureau.
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It should be noted that irrespective of which of the three suggested

explanations account for the hir$er Cs-U7/Sr-90 ratio) the sr-90 in the

stratosphere is most likeUJ depleted compared to the expected production.

This means that a tme sample of the radioactive debris (had the depletion

not taken place) would contain a smaller ratio of short lived isotop=to

Sr-90 giving an older apparent we and a sraller fraction of October 1.8th

debris.

We have no knowledge concerning fractionation or other depletion effects

for any of the shorter-lived isotopes. If there were fractionation or other

depletion effects, the apparent age wo~d be shortened and the fraction of

Cctober 18th debris increased. It should be noted that fractionation or

depletion of an isotope within the first few days or weeks is irrelevant be-

cause it will affect both fellout and the stratospheric samples. The most

likely source of error, if indeed there is an error, in the comparison of

apparent age of fallout and stratospheric samples is due to the sampling

=-..devicesthemselves.
‘=l

At the ,moment,it appears unlikely that the difference in apparent age

or fraction of October 18th Sr-90 cen be attributed to these kinds of EQ%i-

facts.

The results of the Ce-lhb/Sr-90 ratios show an appreciably larger per-

centafleof October 1958 Sr-90 than was found from the &-89 and Zr-95 radio-

isotopes. The determination of the percentage of debris assigned to a given

date of origin implies that all of the short-lived radioisotopes originate

at this time. When test series are widely spaced relative to the half life

of the short-liyed isotope, this assumption is reasonably correct. In each

of the cases (using either Sr-89, Zr-95 or Ce-144) the fraction of October

1958 debris must be a maximum for this reason but in the case of Ce-144,

with its 275-dsy haLf life, the maximum nq greatly exceed the true value.

The Panama percentage vslues indicate this feature since it is very unlikely

that any U.S.S.R. Sr-90 (from October 1958) was actually present at Panama

in November and December 1958. ANiis

The Ce-144/Sr-90 ratio results, in a few cases, in impossible appa:ent

ages (formation later than sampling) and percentage contributions (>100~).

If the radiochemical analysis is accepted as valid, the implication is q@n

7—.
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that Sr-90 is depleted relativeto Ce-lti (as it ~be relative to CS-137).

If the Sr-90 depletion is true for all samples, then the apparent time of

formation, again, is earlier and the percentage of October 18th Sr-90 is

smaller than shown in Table 1.

Another possible source of error in the treatment of the datamy result

from errors in the radiochemic~ analysls. A comparison of sampZes

between laboratories reveals good agreenent in all isotopes except Zr-95 accord-

ing to Dr. J. Harley, However, the results derived from the Zr-95 are similar

to those derived from Sr-89 suggesting random rather than systematic errors in

the Zr-95. Further it should be noted that a systematic error in the anelysis

of Sr-89 or “Sr-90(the two isotopes common to both the U. S. fsllout and

stratospheric samples); will affect the apparent ages and percentages of

October 18th Sr-90 in analogous fashions.

The sense of the difference in apparent age and fraction of October 18th

long-lived fission products between fallout and stratospheric samples noted
;.

above was also reported in a recent U.N.S.C. meeting by the U. K. using al.r-

craft over,England up to about ~0,000 feet. In this case gsumnaspectroscopy
, rather than radiochemical.analysis was em]loyed and tropospheric samples wereI1.

sJ_socollectedly aircraft.
I

The difference in age and proportions of October debris has an interest-

ing implication in the likely location of exit of ~he Soviet October19~8

debris from the stratosphere. N’~s

First; it appears that the Sr-90 in fallout or in the troposphere in theI

\
first half of 1959 has a different proportion of Soviet October 1958 debris”

than appears i,nthe stratosphere in the same latitudes as the fd.lout obser-

vations. Thus, debris is entering the troposphere from a reservoir other

than directly over the 30-50”N latitude band. Since most of the Sr-90 found

in fallout in the first half of 1959 originated in the Arctic and is not

found in the temperate latitude stratosphere, it is unlikely that it has

passed south of say, >OON. Its probable exit from the stratosphere is, there-

fore, farther north than 50”N, or closer to its original latitude.

One reasonable interpretation of the fallout and stratospheric apparent

age determination indicates that debris initially in the Arctic leaves the

stratosphere in Arctic latitudes. Since we have only looked at this compari-

son in the first half of 1959, the location of exit caot be generalized to

,~..
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other parts of the yeaX or to debris
jniti~ located outside the

hxrtic ●

Reference

(1) Holl=d, J. Z. (cd), T.I.D” #5555, May 1959, P* ~15.
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TABLE 1

Sioux CitiJ,Iowa
(42° 24’ N 96° 23’ W)

Ap.r?.rent % Contributions
Date Of Altit de

3
Date of Origin 18 October 1953

Observa- X 10 Sr-89 ZP95 Ce-144 Sr-89 Zr-95
tion (ft.) G,Z

Ce-144
Sr-90

—— —
Sr-~0 Sr-go Sr-90 S:.yo

2T MC. 58

~ Dec.

28 Feb. 59

1 Mar.

30 I’m.

1 Apr.
I

9 Apr.

13 Apr.
I 21 Apr.

Xl My

15 Kay

24 tiy

25 JUL.

6 Jul.

9 Jul.

11 Jul.

3 Aug.

7 Aug.

8 Aug.

9 Aug.

2 Sep.

3 Sep.

4 Sep.

lG Sep.

49.3

81.8

48.5

91

65.8

48.5

65.3

90.5

80.8

48.9

91.5

65.5

87.8--90

79.8

80.5

65.3

49.5

90:5

65.3

80

49.3

89.3

64.5

78.5

— .- .-. . ----

2 &?p. 58 j Jun. 53 10 Jul. 58

9 Jul. 58 15 Ya~ 58 6 Dec. 57

4 Aug. 58 4 lv~y 58 15 Dec. 57

5 A~. 58 25 Apr. 58 10 my 58

29 Apr. 58 25 I:ar.5$ ---

30 JU1. 58 --- 21 Apr. 58

3 Jul. 58 2.4~WJ 58 14 May 58

22 Jul. 58 28 Apr. 58 10 Sep. 58

17 Iffir.58 7 Dec. 57 30 Jul. 57

20 Feb. 58 22 Mr. 58 17 Mar. 58

30 Apr. 58 20 Apr. 58 14 Jul. 58

24 Apr. 58 28 Feb. 58 22 Aug. 57

15 Mar. 58 13 Apr. 58 27 Jun. 58

9 Jan. 58 13 Feb. 58 15 NOV. 57

5 Jan. 58 15 Jan. 58 6 oct. 57

28 Mar. 58 28 MC. 57 20 Aug. 57

25 Apr. 58 30 Apr. 58 6 Nov. 57

4Apr. 5~ 24Apr. 58 2g filay58

26 Mm. 58 =JOJEun.58 27 sep. 57

00 17 Dec. 57 17 Oct. 57

4Aug. 58 9 Feb. 58 1 Dec. 57

15 Jul. 58 --- 28 oct. 58

--- 27 J-. 58 8 #Lu~e 57

--- --- 27 Apr. 58

~“..,

- -. ;,.-

54

26

38

38

9

34

24

3

5

4

9

9

5

2

2

6

10

2

6

0

38

27

.-

--

24

20

14

16

11

--

19

16

4

10

14

8

13

7

5

12

16

15

6

4

7

--

6

--

78

47

48

67

--

65

’50

92

34

60

79

36

76

44

41

36,

44

72

39

41

46

(103)

.35

67

p-
i-

——. . -. .-
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San Angelo, Texas (cent.)
(~” 21’ N 100° 30‘ w)

Apparent ~ CO)StribUtiOnS

Date Of Altit de
3

Date Of Origin 18 October 1958

~8; :-9: Ce-144 Sr-89. ZP95 Ce-144
Observa- X 10 Sr-90 ~ Sr-90 Sr-90
tion (ft.)

7 Aug. “50.4 17

4 Sep. 65

5 Oct. 91.5

6 oct. 80

,,

Aug.

---

---

---

31 Oct. 57 43 -- . 43”
58 -:--

, 40
1 Jul. 58 4 Oct. 57 -- 29

14 Oct. 57 -- -- , 44---

--- 2oMar.58 .- -- .@

Et3
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San Angelo, Texas
(31° 21’ N 100° 30’w)

Apparent
D3teOf Altitde

3
DateOf Origin

Ohserva- X 10 M ~
tion (f%.) Sr-90

1 Nov. X 88.3

1 Dec. 88.5

5 Dec. ~ 63.5

11 Dec.
I 15 Feb.
!,

16 Feb.

3 Mar.

7 Mar.

9 M3r.

12 xl.

17 Mar.

2 Apr.

4 Apr.

6 Apr.

13 Apr.

14 Apr.

6 MW

7 Mly

17 Jun.

1 Jul.

2 Jul.

7 Jul..
8 Jul.

1 Aq.

2 Aug.

3 Aug.

‘1:

CKi.o

50.5

65.8

J7.2

81.2

80.7

64*2

82.0

eo.1

65

90

65.2

50.4

65.5

80:1

66.

90

50.6

80.1

65.6

91.7

80.7

65.7

,~12Jan. 58

15 Apr. 58

4 Jun. 58

5 Apr. 58

9 Aug. 58

16 Jun. 58

10 AM. 58

?15 Feb. 58

18 Apr. 58

5J~. 58

1 MY 58

12 Apr. 58

23 Jul. 58

SO Jun. 58

24 Jun. 58

13 Jun. 58

6 I@ 58

21 Feb. 58

7J~. 58

27 JO,n.58

00

29 W. 58

6JU1. 58

8 Jan. 58

00

4 Jun. 58

30 Nov. 57

19 Jun. 58

26 J=. 58

g Sep. 58

U Apr. 58

15 *C. 57

24 Apr. 58

7 Feb. 58

26 Feb. 58

~ ].q 58

6 May ~

i2 Apr. 58

14 k!’!y58

10 Jti. 58

2 Feb. 58

m w. 58

21 Jan. 58

13 Dec. 57

14 w. 58

16 Feb. 58

2 Jul. 58

24 kC. 57

4 v! 58

9 w. 58

9 Jan. 58

9 Feb. 58

$ COntrlbutions
18 October1958

Ce-lu E+?%-
Sr-90 Sr-~0 Sr-~0 Sr-90

qoct. 56
*

9Jti. 58

*

~ Jti. 58

7W 57

8Dec. 57

14 Aug. 57

12 Feb. 58

26 JU 58

24 AM. 58

2 Apr. 58

6Apr. 58

*

2 Feb. 57

2 Aug. 57

26 Apr. 57

26 Jun. 57

15 Sep. 58

26 Feb. 58

U. Aug. 57

6Aug. 57

29Apr. 58

lg WC* 57

1 Sep. 57

2 Sep. 57

.2 3
8 27

26 6

7 73

39 14

23. 4

<40 16

<4 7

8 8

25 18

10 18

10 13

26 19

23 36

20 6

18 10

11 6

4 4

’17 10

3 9
0 29

6 [<:X,54

20 16

2 9

0 5
16 7
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18
(=5)
50

(21}6)
.

52

28

46

35

53
52

87

63

53
(402)

23

34

27

3

93
56

35

35
66

48

37
38

L
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-: — 1 Lowry, ,Colorado
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(39° 46’ Ii
,. _

3

104° 53’ w)

. .
e ~~

H
Apparent “ ~ Contributions

F=-’

J

Late Of “Altit de
3

Date Of Origin la October 1958

Observa- x 10 Sr-89 Ce-144 Sr-ql zr-95ZT-95 ——
r-

11

Ce-144

tion (ft.) Sr-90 Sr-90 Sr-90 Sr-90 Sr-90 &XQ

@ ‘
I 1 10 Apr. ’59
e --

II 3 Jun.

L3

3 Jun.
.-

}i

4 Jun.

KJ

4 Jun.

1/

U. Jun.

11 J+n.m—1:i—

92 14 Jun. 58 26 ~hr. 58 15 Ja. 58

94 291vIw58 28 Feb. 58 29 MEIY 58

94 3Jun. 58 14 ~ 38 18 Jd. 58

93”5 . 30 I.I.ZKY58 10 my 58 3 Aug. 58

93*5 .30 ky 58 10 bhy 58 20 ~ 58

96.24 6 Jun. 58 28 Mr. 58 22 MOY 58

96.2; 12 May 58 28 fir. 58 16 Jun. 58

H
El—L 4

H
rl Panama, Canal Zone

‘K_ (08° N 58I N 79”33’ W)
Hm 7 NOV. 58 65.2 30 Jul. 58
.-

11

16 NOV. 58 89.0 y.rkc. 57

ICI

19 NOV. 58 “ 81.8 8MW 58
-.

l!

2 hc. 58 65:8 15 Aug. 58

12 WC. 58 92.6 “ 22 pee. 57

r-7

5 Mar. 58 18 oct. 57

14 Oct,o57 20 May 57

29 Dec. 57 ’14k. 58

17 Jun. 58 23 oct. 58

7~r. 58 3 Sep..57

C3 “NOl?ES:

a

---J.--; no observation.
00 ; the isotope amount of numerator . 0.

( ) ; PercentWe Values greater than loo%.
* ; date later than sampling time.

. .

15 10 cj~

13 8 -/C)

15 ‘ 10 ’50

13 17 83

14 16 @

15 U. 69

IL 10 ~k

32 10 ~~

2 2’ w

u 5 59

u 26 (101)

.2 10 37
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