
A STUDY OF FALLOUT IN RAINFALL COLLECTIONS 

FROM MARCH THROUG.3: JULY 1956 

William Ro Collins 3 Jr., 

a.nd 

Naomi A,. Ha.llden 

BEST COPY AVAILABLE 

April 30.i 1957 

408014 

lJY0-4889 

li'.f 
,: ; 

j·l 
I ;, 

ll 



A sbA? o-:: tota.l f activity and raG.icstrontium in rainwater 

was Ueldertaken nt HP.SL during the spring of 1956c At that time a survey 

of atnospheric aerosols and the elemental cons f:i tucnts of raini'all was 

being conducted bj· the Cloud Physics sectio::: c:· t{, , i r Lc•rcc l,[ci~bric.i;::.o 

Research Center. The samples from the network of stations were analyzed 

by a contractor, Skinner and Shennan, of Boston~ Massachusettso RASL 

received a part of the total month 1 s sample from each site, if there was 

sufficient sample for both laboratories to run analyses. 

SamplinG covered the period from March through July 1956 for 61 

stations vri thin the continental United States, Bermuda, Newfoundland, and 

the Azores. The original purpose of the study at H.liSL was to correlate 

the amount of fallout in rainfall with the esti:rrate of total fallout from 

gu.."1Ined film measurements~ 

PROCEDURES 

Collection, The rain collection devices consisted of one-liter 

polyethylene bottles equipped with wide~mouthed funnels that presented a 

surface area of 0,56 square feet to the atmosphere. The whole assembly 

vras enclosed in a wooden container designed to be opened manually during 

rain and closed at other timeso Figure 1 is a photograph of this apparatus 

as it was used in the field.(l) 

Analysis, When each sample was received at HASL the volume was 

measured anc the solution acidifiedc( 2 ) Then the sa~ple was evaporated 

to a srr.?:.11 vol u::~e transferrec' tc 2. e::ls,::: s ple.nc:ist and dried for beta. 

cy..:::.tL~,~: This resid~e was fuss~· ·.1i t':. sodium cz·.r"::cr.::..te and the strontium 
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separated with fuming nitric acido The sample was then stored to allow 

the Sr90 to equilibrate with its yttrium daughtero At this stage the 

yttrium was separated and precipi ta.ted as the oxalate for beta countingo • 
1 

sr90 was determined from the counting rate of y90, and Sr89 by 

counting total strontium and subtracting the Sr90 resulto 

Reportingo Sr90 and total ~ activity are reported in units of 

mc/mi2/moo These values were calculated from the original counting data 

(d/m/aliquot) using the formula; 

2 
me/mi /mo :: 

d/m/aliquot 
Projected a.re:? 
of fun.'11.el (ft ) 

Total sample volume 
X Aliquot volume x 

1 
7906 

For the purpose of these calculations "Total sample volume" refers to 

the volume of the monthus rainfall computed from official Uo So Weather 

Bureau data. (3) 

The Sr89 values were obtained in the same way but for convenience 

of comparison~ were extrapolated to the first day of each sampling month 

before calculating the sr89/90 ratioso 

FINDINGS 

The data are completely sununarized in Table lo Tota] ~activity, 

sr90 and Sr89/90 ratios and rainfall volumes are listed by station for 

each SB::",plir.; :-:-.er.the Total § c :cti vity is reported as of the counting 

date bec2."Jse tr-.~ s.ssigr:::ient cf s. specific burst date is not possible 0 
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Table la. Fallout dtrt' :· >'." }!s:rch 19.56 :ra.1-'1 1.tater C~llections. 

JUSL I Site II Sampling Site Total ~ ~tirltyl" sr90 
(me/mi /mo) {me/mi 2/mo) 

)616 l West Newton, Mass. 19 .. 1.8 l.2 + o.14 
3617 l West Ne'Wton, Masso 16 ~-108 0.92 + o.J.4 
)619 7 Hatteras, 1i. C" 10 '+ O~l 0088. + 0.08 
3620 ·a Charleston1 S, Co 19 '; 3.,0 0.45 + 0 .. 19 
3621 ll Tallahassee j Fla. 12 :j: Oo9 o,.43 -+·b.oB 
3622 12 Mobile, Ala. so + J.8 2.4 + 'Q..26 
3623 13 JaoksonJ Mias" 20 + l.9 l.6 + <t16 
3624 14 Montgomery" Ala. 2S + 0.3 1.,6 'i 0.,16 
362$ 15 Lake Chal,:lea, La .. 16 + l.2 1.2 'i b.l.l. 
3626 17 laabville, Tenn$ 10 + 1 .. 1 0 .. 82 + 0.10 
3627 22 Salem, Ore. S4 + 208 1.7 + 0.2) 
3628 24 Jacksonville, Fla. 5-.9 + 1.6 0.2; +. Ooll 
3629 25 . Burlington, Vt,., 6 .. 6 + o. 7 os1 + o.crr 
3630 26 Wantucket, M.aa.s. 2a '; 2o3 2.9 + 0.20 
3631 28 Jlbany, N. Y. 17 + l.6 1 .. 1 + 0.13 
3'032 30 Akron, Ohio 21 + 1.8 1.6 + 0.24 
3633 45 Washington, D~ C. 33 + lo6 1.1 + b.ll 
3634 63 '?atooe~~ L.i.';... ' ... Wash .. 33 } JoO 1.5 + 6023 -

=--~-= ~ 

* Tog~ ,,d Jl.ctivity Counting Date& Jlme 5, 19560 
** Sr extrapolated to first day or sampling month. 
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Tab1.e lb, Fallout data for April 1956 rain water collections. 

lUSL I Site II 

3670 
36n 
3672 
3673 
3674 
3676 
3677 
3678 
3679 
.3680 
3681 
.3682 
3683 
3684 
3685 
3686 
3687 
3688 
.3689 
3690 
3691 
3692 
3693 
3694 
3695 
3696 
3697 
3698 

3699 
"3700 

3701 
3702 
3703 
3704 
3705 
37o6 
3707 
3708 
3709 
3710 
37ll 
3712 
3713 
3714 
3715 
3716 
3717 

l 
l 
3 
4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
16 
17 
19 
20 
21 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

34 
35 

36 
37 
38 
39 
42 
41~ 
45 
46 
50 
56 
58 
59 
60 
' .. 
0.:.. 

Sampling Site Total ,& .Activity* sr90 
(mc/m12/mo) (mc/mi2/m.o) 

West Newton, Mass. 26 + 1.9 
West Newton, Mass. 32 + 1.5 
Little Rock, .Ark. 18 + 4.4 
Tampa, Fla. 10 + 1.4 
Bermuda 18 + 1.4 
Hatteras, N. c. 80 + 4.9 
Charleston, s. c. 60 + 1.9 
Greenville, s. c. 140 + 3.5 
West Palm Beach, Fla. ll + l. 2 
Tallahassee, Fla. 17 + 1.0 
Mobil~, .Ala. 22 + 2. 0 
Jackson, Miss. 19 + 1.5 
Montgomery, ila. 14 + 1.4 
Brownsville, Texas 25 + 1.9 
Nashville, Tenn. 20 + 4.1 
San Diego, Cal. 19 + 1.4 
Santa Maria, Cal. 6.9 + 0.4 
Red Blu!f, Cal. 12 "+ 0.9 
Jacksonville, Fla. 17 + o.8 
Burlington, Vt. 42 + 1.2 
Nantucket, Mass. 14 + 1.0 
Caribou, Me. 17 + 1.0 
ilbany, N. Y. 64 + 2.4 
Montoursville, Pa. 82 + 2.5 
.Akron, Ohio 74 + 1.8 
Indianapolis, Ind. 31 + 1.8 
Madison, Wis. 75 + 2. 7 
International Falls, 3.1 ! 0.2 

Minn. 
st. Cloud, Minn. 140 + 4.1 
Sault Ste. Marie, 57 ! 1.9 

Mich. 
Des Moines, Iowa 55 + 2.6 
Coltunbia, Mo. 27 + 1.4 
Ft. Worth, Texas 30 + l. 2 
San .Angelo, Texas 30 + 0.2 
Wichita, Kan. 27 + 1,6 
Grand Island, Neb. ilO + 3.8 
Washington, D. c. 40 + 1.2 
Huron, s. D. 14 + 1.6 
Sheridan, Wyo. 52 + 2.3 
Winnemucca, Nev. 31 + 2.3 
Boise, Idaho 26 + 1.5 
Fresno, Cal. 39 + 1.4 
F.oanoke, Va. 33 + 1.5 
Sao'!itsblu!f, Neb. 17 + u. 2 
C:.:-and Rapids, Mich. 31 + 1.4 
s·cephem"ille, Newf. 60 + 2.0 
Laredo, Texas 10 + l. 2 

1.3 + o.1s 
1.3 + 0.09 
1.9 + o.38 
0.34 + 0.10 
o.45 + o.ll 
1.6 + 0.33 
o. 7$ + O.ll 
1.9 + 0.16 
0.34 + 0.09 
o • .58 + o.oa 
o.52 ".+ 0.13 
1.3 + 0.1.5 
0.82 +.0.16 
2.0 + 0.20 
1.2 + o • .53 
o.54 + 0.14 
o.26 + o.o4 
o.8.5 + 0.09 
0.69 ; 0.08 
0.79 + 0.08 
0.60 + 0.09 
0.72 + 0.10 
2.2 + 0.18 
1.4 + 0.1.5 
1.5 + 0.13 
1.4 + 0.16 
1.8 + 0.20 

.08 ! 0.02 

1.7 + 0.22 
0.98 ! 0.12 

0.67 + 0.23 
o.83 + 0.12 
0.99 + 0.10 
1.0 + 0.16 
0.34 + o.14 
2.9 + 0.21 
1.2 + 0.09 
0.67 + 0.14 
1.6 + 0.1.5 
(>.90 + 0.19 
0.72 ! 0.11 

1.1 + 0.12 

1.4 + 0.14 
1.7 +·0.1.5 
o.66 ! 0.1.5 

16 
9.7 
0 
9.9 

11 
9.0 

1~ 
9t.5 

1.5 
6.3 

10 
3.5 
6.o 

14 
11 
.5.6 
.5.9 
9..5 
8 • .5 
4.9 

27 
4.6 
4.8 

16 
11 
8.7 
7 • .5 
6.3 

12 
0 

23 
7.3 
8.9 

12 
22 
7.3 

11 
6.4 
8.o 
0 

12 

1.0 
18 

7.7 
-----··· .-.. ~~=.,·------------------------

-::- Togal ;6 ·.·. t.~.-rEy Counting Date: June 19, 1956 • 
.::<~ Sr 9 e:i.:< , ;:>oJ.a'~zd to first day o! sampling month. 
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Table le. Fallout data for May- 1956 rain water collections. 

. ~ 
""~"'.I 

Total;?' .Activity* Sr90 p" , / 

l; iiJSL ti Site I Sampling Site 
Si"'··,: .. ~~· ~ •. 

(mc/m12/mo) (mc/mi2/mo) // .--. c ,,._. 
~r 

313k l West Newton, M88s. 22 + 2.5 0.,55 + 0.023 33 
383S 1 West Newton, Mass. 13 + 1.3 1.2 + 'o~i9- 0 
3836 2 Medford, Ore~ 21 .:+ 2.3 3.4 + 0 .. 28 9,,6 
3837 4 Tampa, Fla. 4~4 + 1.9 0.21 + 0.18 0 
3838 6 .Azores no + 34 10.0 + 3.,8 11 
3839 7 Hatteras, N. Co 4.,3 + 1 .. 2 0.11 + 0.15 0~96 
3840 6 Charleston, So C. 5~6 ; 1.1 o.85 + 0 .. 13 0 
38bl 9 Greenville, s. c. 7.7 + 0.9 o.86 + o.n 2.0 
381'2 10 West Palm Beach, Fla. 23 + 1.1 1.,1 + o.,li 58 
3843 11 Tallahassee, Fla, - 8.1 + 1.4 1 .. 4 + 0~23 6.9 
381c5 15 Lake Charles, La. 11 + 1.1 l.l + 0.21 o.6 j 

1 

3846 17 Nashville, Tenn. 5.2 + 1.6 0.63 + 0 .. 20 2~9 
1 
l 
I' 

3847 21 Red Blu!.f', Cal. 17 + 1.1 1.4 + o .. i8 0 ; 

3848 24 Jacksonville, Fl.a. 20 + 1.2 1 .. 0 + o.i7 14 I! ,. 
:3849 25 Burlington, 1/t. 14 + 1.4 0.81 '+ o.i7 17 I· 

3850 26 Nantucket, Mass. 23 + 1.2 i.S + 0 .. 17 606 ll 
" 

3851 27 Caribou, Me .• 9.0 + o.6 l .. l + 0,,12 5,,7 i.I 
3852 28 ilbcq, N. Ye 22 + l.O l .. l + 0.12 ll ! 
3853 29 Montom-nille, Pa. 16 •"1 .. 1 lol ; 0.13 9S 
385'4 30 Jkron, Ohio 39 + 3,.9 2 .. 4 '.; 0.157 10 
J8S5 31 Indi&llapolia 1 Indo 19 + 2,,k 108 + Oo30 18 
.38S6 32 Madison, Wia ~ 28 + 3,,8 .3ol + oS6 5 .. o 
3657 44 Grand Island, Jleb. 8 .. 1 + 0,,7 o.S6 + 0 .. 095 ltl 
3858 h7 Bismark, 5. D. 13 + 1.6 1.2 + Ool7 8a5 
3859 59 Fresno, Cal. 2S + 1.1 lol + 0.17 5~2 
3860 6o Roanoke, Va. 13 + 1.6 0.59 + 0 .. 17 ~l 

I 3861 61 Scottsbluff, l'eb. lS + 2,,1 1,,5 + 0.,35 11 
3862 62 Yakima, Wash., s .. ii + o .. 62 0.5'2 + 0 .. 10 0 
3863 63 Tatoosh Island, Wah,, 7.6 + o,,80 0.,49; 0,,099 2G9 
3864 66 Stephenville, Jfevf" 28 '; lo) lo9 + 0 .. 18 9o0 I 
3865 67 Laredo, Texas 17 '.; 2 .. 3 s .. 1 ! 0 .. 38 0 I -
* To~al ;?'Activity Comting Date~ !ugut 23, 1956. 

*':f Sr 9 e..nrapolated to first -day or sampling month. 
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!able ld. Flllouli data !err Jime 1956 rain water collectiOM. 

J 
90 

~** 
.11 

JUSL I Site I Sampling Site Tot.al A ~t1nt1* Sr 2 
(ac/lli /mo) (me/mi /mo) Sr O 

!i 

'I 

3866 l West Newton, Mass. 12 + 1.3 1.4 + 0.20 0 

11 
.3867 . l West Newton, Mass. 13 + 2.1 o.47 + o.26 0 
3868 2 Medto:rd, Ore. 7.6 '+D;6 0.22 + 0.09 22 '1 

3869 3 Little Rock, .lrk. 8.2 + 5.o 3.6 + o.85 l.9 . : I 
'i 

.3870 4 Tampa, Fla. 8.3 + 2.1 o.5o + 0.21 9.9 I 
'! 3871 5 Bermuda 1.8 ; 1.2 o.65 + 0.15 0 . I 

3872 15 + 1.4 0.99 + o. 20 15 !' 7 Hatter~, N. C. f 

3873 8 Charleston, s. c. 18 + 1.6 1.6 + o.24 0.27 f 

3874 9 Oreenrllle, s. c. 14 + 1.1 1.1 + 0.19 1.6 
3875 10 West. Pallll Beach,. na. 7.9 + 1.4 0.28 + 0.16 2.6 
3876 ll Tallahassee, Fla. 16 + 1.8 1.5 + o.26 3.2 
3877 13 Jaekson, Miss. 13 + l.6 0,73 + o.24 20 I 3878 14 Montgomeey', .Ua. 12 + l.O o.66 + 0.15 l4 
3879 lS Lake Charles, _La.. 12 + 1.4 0,77 + P.16 6.5 
3880 16 B:ramn:lsville, Texas 12 + 2.5 0.99 + 0.40 0 
3881 24 J acksOllVille, Fla. 30 + 2.3 o.55 + 0.26 19 I' 

I 
3882 26 Nantucket., Mass. 10 + 1.0 o.so + o.14 1.6 11 
3883 27 Caribou, Me. 35 + 1.2 2.2 + 0.18 5.9 l 
3884 28 .Albany, N. Y. 2l + 1.1 0.91 + 0.1.5 4.l ! 

3885 29 Montoursville, Pa. 31 + 2.3 0.73 + 0.23 0 
; : 

)886 31 Indianapolis, Ind. 18 + 2.4 "1.7 + 0.31 0 !-i 

3887 32 Madison, Wis. 22 + 1.5 o. 74 + 0.21 13 'i ,i'. 
3888 33 International Falla, 8.7 ! l.l o.68 + 0.12 3.S ; ~! 

Minn. ·\i 
3889 34 St. Cloud, Minn. 38 + 2.4 2.0 + 0.27 8.6 " I 
3890 35 Sault Ste. Marie, 32 ; 2.1 l.7 :! 0,29 0 

'1i -Mich. ! 

3891 .36 Des Moines, Iowa 20 + l.4 o.44 + 0.1.5 13 Iii 
3892 37 Columbia, Mo. 13 + 1.4 o.56 + 0.21 ll !J: 
3893 40 Jmarillo, Texas 18 + l.4 0,94 + 0.24 10 
389,5 43 Goodland, Kan. e.1 + 1.0 :o, 76 + 0.16 6.6 
3696 44 Grand Island, Heb. 78 + 3.2 .3.l + 0.40 2.0 
3897 16 Washington, D. C, 13 + 0.9 o.44 + 0.12 7.3 i 3898 46 Huron, s. D. ll + l.8 0,.75 + b.20 6.2 ' 

3899 47 Bismark, N. D. 20 + l.6 o.68 + 0.25 13 
3900 48 -Helena, Mont., 61 + 2.1 l.;e + 0.19 S.5 
3901 49 Glascov, Mom. l.4 + l.S l.l + 0.18 0 
3902 so Sheridan, Wyo. 12 + l.l 0.73 + 0.16 4.1 
3903 57 Spokane, Wash, 16 + 0.9 0.92 + 0.12 ll 
3904 58 Boise, Idaho 7.3 + l.2 o.63 + 0.13 0.43 
390.5 6o Roanoke, Va. 17 + 1.2 0.93 + 0.16 0 
3906 62 Yakima, Wash. JS + 1.9 o.65 + 0.23 15 
3907 63 Tatoosh Island; Wash. 71 + 3.0 0~48 + 0,16 16 
3908 64 Grand Rapids, Mich. 19 + 2.9 o.64 + o.35 18 
3909 66 Stephem'il1.e, .Hew!. 30 ! l.3 l.O + 0.12 7.8 

-••.... ,,.--.~~~..,,,"''=""~""'"'"···_:_ .. ··-"'"""-:~.',,.~:a 

* To~f fi Acti'fity Counting Date~ .A.ugust 23, 1956. ** Sr e::rll-apolated to first day o! e anpling month. 



Table le~ Fallout data for July 1956 rain water dollect:io:-~s, 

=-~~=~~-.._~a 

Total.A .A.~tivitY* BASL # Site# Sampling Site Sr , 2 .l,{-;t 
(me/mi /mo) (rr.Cj/rri..i /mo) 

4218 1 West Jewtop, M8;SSo 16 + lo.3 0,,59 ~ 0,,23 20 
1'219 l West Hewton11 Masso 14 '+ 2o5 

.., ~ ~.; Oo31 0 J,,O 

h220 4 Tampa, rlao So ':; 2o0 le '2 4 o.:14 36 
li221 5 Bermuda 29 "+ 2o.3 ,.. "" ".; Oo34 7 .. 3 ~~J 

4222 8 Char~ston, So O. 34 -; 308 1.0 ~ Oo28 34 
ls223 9 Greenville, 86 Ce 37 + 3 .. 6 3~1~ ~ Oo34 1.8 
Ji224 10 West Palm Beach-, Fla. 27 '; 4ol :S 0:47 
ti225 11 Tallahassee, J'lao 120 + 4.,4 1~7 ~ 0,,29 61 
4226 12 Mobile, Jlao 120 + 406 ,, 5 '+ Oa.33 64 .. 0 

4227 14 Montgomery, Jla. 57 + 3,,9 9eO '; 0,,67 5o5 
4228 18 Tucson, .Ariz~ ,9 ! 607 2,,1 "; 0,,48 35 
1'229 24 Jacksonville# Fla. 68 + 3 .. 1 lc6 °:t Oa26 52 
4230 25 Burlington, Vt., 12 '; 2ol lo3 '+ Oa33 ll 
4231 26 Nantucket, Mass .. 11 + 1,,8 O.o5'2 ~ 0.15 25 
4232 27 Caribou 1 Me., 28 "i 2.,0 0~92 ".'; 0316 15 
4233 28 .Albany, No Y .. 2S '; 2o4 Oa88 ~ Oc31 2el 
4234 29 MontoUl"sville, Pao 22 '+ 3ol 1~7 ':; OG 29 5.8 
4235 30 .Akron1 Ohio 65 + 6 .. 8 1,9 ~ c:'4 50 ~ o.,/ 
4236 31 Ind:l.an.a:polis, Ind., 56 + 2.,4 Oo83 ~ Oc:21 42 
4237 32 Madison, Wis~ 19 "i 2ol 0,,89 + Ool9 19 
4238 34 Sta Cloud, Minn. 33 '; 3 .. 0 Oa84 ':;, Ool5 33 
4239 36 Des Moines, Iowa 38 ; 1.,8 l,l ':!= Ool4 30 
4240 37 Columhia". Mo~ no '; 3o4 Lh ".:;: 0.,31 Li 
4241 40 .Amar:i.110 9 Texas 170 + 5.,4 2 ), "":; Oe36 58 ,...,. 
4242 42 Wicbi ta~ Kan a 40 + 3.,3 Oo62 ':;'. 0,,30 67 
4243 4.3 Goodland, K.an, 74 + 4.,0 Oo91 :} Oe53 hl 
4244 l6 Waahinrt-0n, D,, c. 47 +: 2.,0 lo4 ~ Oo20 30 
4245 46 Hur""On .t S • D ~ 19 + 1 .. 6 0,77 ':; 0.,19 32 
4246 47 Bismari: 1 N ~ D~ 24 + 2.,1 Oo''(l~ 0 Oo33 25 
4247 48 Helena, Mont,, 21 + 1..5 Go90 <:'. 0,,18 34 
4248 49 Glascw.5> Mont., 6e~.'+ l.,8 Ce53 0 0.26 0 
4249 51 Albuquerque, N., M" 22 + 1.,6 Oo69 =.t; 0.23 24 
4250 54 Las Vegas.11 Neva 54 + 2.,4 Oo 78 "; Oo16 40 
4251 61 Scot·tsbluff, Neb., 18 + 1 .. 2 0 ?l.:. ";: 0 111 37 0 ... . .. 6 ,. 

4217 66 Stephsnville, Newi\ 7.,7 :! 1 .. 2 Oo6J = Oc1'2 4 .. 4 

--
* T~r ,..8 Activity Cot:..11ting Date g October 4, 1956 a 

** Sr extrapolated to first day of sa.'lI,Pling month~ 

,'!·:::,.• \ .:· • ~< ·~ 

~ '' .. ~ "'''""" ' ~ ~~ :,'-..:.,"":..,,""" """- ~ ~~"'· ,, 
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Table U. Ccmpa.."'i!!on o! llr Force (Ai') and Weather B=eau (WB) Rain!ill Dat.;., 

Site I 

l 
l 
2 
) 
4 s 
6 
7 
8 
9 

10 
ll 
12 
l) 
14 
lS 
16 
17 
16 
19 
20 
2l 
22 
24 
2s 
26 
27 
28 
29 

')O 
31 
32 
)3 
34 
JS 
)6 
37 
38 
39 
40 
42 
l'3 
44 
lP 
h6 
li7 
h8 
49 so 
Sl 
S4 
S6 
57 
S8' 
59 
60 
61 
62 
63 
64 
66 
67 

S911pllng Site 

West Newton, Mue. 
Weet Newton, Kaea. 
Medtord, ore. 
Little Rook, Ark. 
T11111;>a I na. 
Bemuda 
horea 
Hatteru, H. c. 
Chai'leeton, s. o. 
Oreenrllle, s. a. 
West Palla Beach, na. 
Tallahauee, Fla. 
Mobile, Ala. 
Jackeon, 'Mis11. 
Montgomery, Al.a. 
Lake Cbarle11, La. 
BroRnsville, Texu 
Nashville, Tenn. 
Tuc11on, iri11. 
San Diego, Cal. 
Santa Marla, Cal. 
Red Blttf!, Cal. 
Salera, Ore. 
Jacla!onville, Fla. 
BurliLngton, vt.. 
Nantucket, Kass. 
Caribou, Me. 
Albany-, N. Y. 
Montoursville, Pa. 
Akron, Ohio 
Indianapoll11, Ind. 
Madison, Wis. 
International Falls, Minn. 
St. Cloud, Minn. 
Sault Ste. Marie, Mich. 
Dell Hoines, Iowa 
Colmbia, Ko. 
Fort Worth, Texaa 
San .Ang!!lo, Texu 
.Alllarillo, Texaa 
Wichita, Kan. 
Goodland, Kan. 
Grand Island, lfob. 
Washington, D. C7. 
Huron, s. n-,. 
Bismark, N. D. 
Helena, Mont. 
Glascow, Hont. 
Bheridan, riyo. 
.Albuquerque, H. M. 
Las Vegas, N8"1. 
Winnemucca, HSY. 
Spokane, Wash. 
Boise, Idaho 
Fresno, Cal. 
Roanoke, Va. 
Seottsblu!f, Neb. 
Yakima.,. Wash. 
'fatooeh Island, Wash. 
Or-and R~ids, Mich.· 
stephmrllle, Newt~ 
Laredo,. 'l:.exas 

S.46 4.44 
S.L6 4.16 

2.00 1.8) 
9.74 2.29 
6.S2 3.24 
8.69 s.12 
4.38 2.S9 

4.08 3.40 

s.91 li.n 
o.Bl 0.29 
2.37 l.9$ 
6.S3 3.99 

4,76 2.29 

4.23 1•95 

9.88 8.39 

2S7 2.35 
2.$7 2,23 

4.64 l.47 
2.oa l.37 
l.48 l.34 

3.54 0.76 
2.39 l.45 
6.57 3.70 
l.26 0.76 
l.90 1.8) 
2.1s l.S3 
4.67 2.29 
2.03 l.83 

4.7$ 2.00 
i..23 l.53 

1.56 ().99 
0.80 1.58 
l.27 1.18 

2.33 2.10 
2.47 1.95 
2.26 1.95 
2.37 1.83 
2.64 1.11 
3.o8 1.53 
3.51 2.14 
4.So 2.14 
3.54 l.07 
0.24 0.90 
2.01 l.14 
l.70 1.hl 
l.24 0.76 
2.25 1.85 
).12· 2. 75 
1.44 1,03 

l.46 0.99 

l.96 1.03 
2.25 2.10 
l.23 1.79 

1.91 1.53 

0.76 1.76 

1.62 l.S1 
1.)8 1.26 
3,12 1.72 
1.54 0,95 

4,39 2.'.29 
1.57 0.92 
l.62: 1.16 

Inches o! Rain 

l.90 1.07 
l.90 l.07 
4,18 1.18 

2.15 1.25 

22.0 0,97 
2.04 l.J4 
4.62 2.87 
3.88 2.10 
3.39 2.69 
5.n 2.13 

5.17 3,59 

2.87 1-5'1 

4.04 3.43 

).98 3.63 
4.74 3,74 
3.46 2.94 
2.42 2.21 
3,08 2.23 
J.33 2.25 
9.60 1.85 
4.96 1.63 
5.11 2.52 

2.43 2.25 

3.63 1.81 

0,81 0.69 
1.58 1.07 
2.75 0.76 
C J~S c, 73 
i.c: c.SJ 

4,34 3,62 
) ,<.:, l.53 

Ji.me 19~ 
W.B. L: - ---
1 • .56 l.14 
l.56 l.16 
o.eo o.eo 
5.08 0.97 
2.B6 l.Jo 
1.41 l.lB 

5.51 4.17 
7,69 4,12 
2.44 l.61 
l.94 1.24 
7,32 4.58 

7.37 2.63 
3.69 2.37 
l.78 1.)0 
4.02 l.49 

7,87 4.06 

2.29 l.53 
J.35 2.n 
1.83 1.53 
3.02 1.47 

3.48 1.$) 
3.24 1.35 
1.o6 l.21 
5.46 2.21 
4.22 2.01 
1.29 0.95 
1.98 1.65 

2.03 l.61 

0.59 0.93 
3.51 1.53 
2.12 3.23 
2.ll o.B6 
2.36 1.53 
l,80· 1.60 
l.6a i.:;a 
1.07 0.92 

1.18 1.26 
o.eo 0.77 

1.72 1.46 

l,s: l.CJ 
6,;,; L.5a 
J. :;.s i.18 
J. 21 2.29 

July l9S6 
:!J.:. !:!.:.. 

10.6 J.Ol 
8.lh 4.18 
2.98 l.34 
9, 78 6.07 
l.01 2.98 

8.92 3.78 

8.2S' 3,62 
4.o6 1.70 
2.15 1.68 
2.86 l.S3 
2.76 l.32 
7.17 2.29 
5.12 o.n 
),93 2.o6 
4.50 1.75 

4,79 3.11 
2.76 2.S4 

6.75 4.Jl 

2.82 l.ll 
2.Sl l.28 
1.9:3 0,93 

5.82 4,31 
3.47 l.S6 
2.78 1.34 
1.04 o.86 
1.62: 0.90 

1.49 1.05 
l.64 1.03 

2.08 1.26 

2.08 1.51 



, . 

For Uarch, 17 stations are r::::·')':'-::~:~; S:cr April, 47; for kstyi 3i; 

for June, 43; for July, 35. It vrill be notsc that only six locations 

subnitted enough sample for F...ASL tc receive s.liquots for all five months., 

These were West Newton(4), Charleston, Tallahassee, Jacksonville~ Nantucket, 

and Albanyo 

Averaged data and ranges for each month are shovm in Table 2. 

Table 2o Summary of fallout data for rain ·water collections from March 
through July~ 1956., 

Total F Activity 98 Sr 
"2 Ii sr89 /_9_0 Sampling ( mcbii 2 /!no ) (mc/m1 mo) 

Month Average Range A ... rerage Ra...1ge Average Range 

March 22 5.,9 54 lc2 0,25 ~ 2 .. 9 22 7.,3 ~ 66 

April 39 3ol 140 1 .. 1 0.34 = 2a9 9o7 OoO - 23 

May 19 4.,3 110 106 Oo21 - 3.4 9.3 OoO ~ 33 

June 20 6.1 78 1.0 0.22 = 3.6 7.0 o.o ~ 22 

July 44 6 .. 3 170 1~5 Oo:24 = 3.6 29 OoO - 67 

DISCUSSION 

The data presents several ~ossible r.~d.es of analysis., Fallout 

debris in rain water can be dated.; its activity can be correlated with the 

amount of rainfallj the relationship betwse~ total fallout and rain water 

activity can be establishede It is inr;,:iossible to predict that there will 

be correlation between activity and ew~ount of rainfall over the entire 

sampling network because the a.mount of activity in the atJnosphere is not 

necessarily constant, but varies witf', loce..'!.. conditions.. However~ it is 

possible that better correlation r._- )_ '· 

of the sampling network over which '>:.:::.:.i ti.::~ Lre r:::.ore likely to be uniforr::, 
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The a~e of fallout 

sr89/:10 ratioi whie:h varies as :;. fu::-.ctic:-1 of ti:r.e efter burst, and the i '
1 

other from percent contritutL:: cf:·:·:·' tc· total} activityo The 

theoretical sr89/90 ratios us::·::. tc r:::c.li:ulate burst C.;;.tes were obtained 
i 

from the Hunter and Ballo';J. ::ic:L :'.2.':~. for tr.ese isotopes and their most · j 

(~\ 90 
recently reported half-life V81~~:.~JJ The expected percent Sr in 

total~ activity as a fu:nctic.·11 ·: f l ;.: :. v:as obtained in the sarne way. 

The approximate burst times hav2 o<::~·r:: cs.lculated for all the data, and 

the average burst months for each rr.oc.t1i 9 s sarr:ples, as obtained by both 

methods are listed in Table 3, 

Table 3 e Estimated burst da. tes of fallout in rain watero 

Sampling 
Month 

March 

April 

May 

June 

July 

Burst month cal cJ lated 
f r:. .:-:-; /--- .L ~ rom average sr~,,,; ·::C1 ra0 ios 

Septer:cbe::" 

Augu:st 

Fetruary 

Burst month cal cu lated 
from average % sr90 

!fo.rch 1954 

Hovember 1954 

:tfovember 1951 

Fe'bruary 1954 

October 1954 

From this it can be seen that t~e e.: ,/· contrib'..ltiOE to total P activity 

is high, indicating old debr 5.s o r.:. ~~: s ::: :-::J' tir..s, the sr89 /90 ratio is 

large enough for a mu::.h 12.ter ·t Lr,~t '. t·:0 t<", te reSt.lized. This is possibly 

due to enrichment of the sr90 i::"l fl·,lLxt t:1s.t vrouic1. o:::cur in a mixture 

of material from different t'.:;s": sc: :.:. ~ 

0 f/J Therefore, th? ~r · 

the age of fallout au: co.re l ~·i c.ld a r:oz· .. :; valid estir.:ation 

: ,1 

I 
I I: 
ii! i '1' 
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of relative fresh~es~ ~ '~ ~ ·-~ .... ,;.-~ It is appare~t~ then~ that 

July rainout is of m::,rs- ::ese::-_t origin than any of the preceeding monthso 

It has been r . .J;<::;t'.-• .;;~ized that fallout material which is entering 

1

1

1: 

.,. 

the troposphere from ti:,-:: o:tratosphere has a. selective entrance zone near 

the mid~latitude regic::·::-_e E foe fallout material is old and originated 

from a high yield dev:ic~~ it is p:.obable that the debris is stratospheric 

and upon entrance int:· ·~he t:-op::;sphere can be brought down in rainfallo 

It follows that there v;y,;;.ld '2·e rc.ore activity in rs.in occurring near the 

mid-latitude.so 

Scatter diagre.;-;,s c.f sr90 activity versus inches of rainfall for 

all months are plotte~ :r fi;-."-=- '.;\, Lll vabss~ regardless of location» , ;1 
. i 

are plotted but stations. bel:-·; Lo0 N (an arbitrary limit) appear as black ! II 
i I 

'1, 
dots on the plotse It :i.s viBCJ.ally aopa.rent from the scatter of the points 

"' ' 

,. 

that there is little c:o:rreiat:ion on an overall basisp Considering a 

separation of the data at L;.o0 N: there is better correlation found among 

southern stationse The specif:!.:. activity (nw/mi2/i::1) of rain water for 

these stations is gen.s;:ally lc·lisr th9.n for northern sites for the duration 

of the sampling.I) and tr-.e spe:ific a.cti vi ty at each site does not vary 

Since it has b::sn psssible to obtain better correlation by using 

the 4o0 N separaticnD tr·:s i.C.93. is expanded by considering even smaller 

areas,. For this purp0se; fst~::o <>-Y'<5aS in different parts of the sampling 

network were cho.sen or: -'.:f-ce te.s i ~ of uniformity of specific a.cti vi ty 

throughout the sa,'Ilplir:~· ~· ~ ·: ~::: -· 

west.I) southeast~ ar.1.-:l t'r, : _. ·· ;:;ic:t:ions of' tb~ continent,'.l United States. 

The data for ee.ch of L _ . · c :otted i~ figure 3G 

~ .~ , ' '-.... ';;;;,.,- .. ":. 
' fl;:,. ~~ ~~,'":.~~'I 

~ "" 
..... . .... ~ ~- ""'..·'' "' , .. ~ ~ 
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Figure 2a, Regression of Sr90 in rain water on the amount of 
rainfall in March, 1956. 
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Figure 2b. Regression of sr90 in rain water on the 
a.mount of rainfall in April, i956. 
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Figure 2c. R~6ression of sr90 in rain water on the amount of rainfall in May, ~956. 
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Figure 2d. Regression of sr90 in rain water on the a.mount 
of rainfall from June, 1956. 
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Figure 2e. Regression of sr90 in rain water on the amount of rainfall in 
July, l956e 
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Figure 3a. Regression of sr90 in rain water on th~ amount 
of rainfall collected March through July, 1956 at Caribou, 
Nantucket, and Step~enville. 
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Figure 3b. Regression of sr90 in rain water on the amount 
of rainfall collecte~ ~arch through July, 1956 at International 
Falls, Glasco~, Eels~~, Boise, and Spokane. 
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Figure 3c. Regression of sr90 in rain water on the amount of rainfall collected 
March through July, 1956 at Tampa, Tallahassee, Jacksonville, and Charleston. 
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Figure 3d. i:_.: -:r: ~ :'.::,:. of sr90 iy~ rair~ •·rn.ter on the amount of rainfall collected 
March througL 31.;l·. :t;j6 at Mot'..:_,_,, kke Charles, Jackson, and Little Rock. 
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F::'om these r:lots it is obvious that activity is proportional 

to the aE~unt of rairu'all within each area. Correlation coefficients 

for all graphs are sumJn.a.rized in Table 4 .. 

Table 4. Correlation coefficients for the Regression of Sr90 on inches 
of rainfal 1. 

Fraction of total Time of Sampling 
Sa.rnpling Area March thru 

March April May June July July 

Total Sa."11.pl ing Area Oo77 0,,57 o .. 86 Oo31 0 .. 47 0.60 

Above 4o0 Latitude o.46 0.45 0 .. 63 0 .. 37 o,,l_J2 0,,43 

Below 4o0 Latitude 0 .. 95 0,,87 0,,90 o.66 0.37 0.72 

Northeast 0,,77 

Northwest 0.78 

Southeast Oa7"7 

Southwest 0.87 

The next step in the analysis of the rain water data is made 

90 by comparing Sr in rain to that measured by various pot type collectors,, 

However$ most of these devices collect total fallout and have sampling 

net·works that do net coincide with the rain water stations. Thereforea 

a comparissn of these results can only indicate the relative levels of 

rainout to total fallout. This comparison is shown in Table 5 in which 

the average values of fallout in rain water are obtained by considering 

10 rainfall sampling stations nearest New Haven, Pittsburgh, and New 

York~ 

= 20 = 



Table 5,, Cc~-::::.:Aison of fallout (mc/mi2/mo) in rain water to total fallout~6 ) 

Air Force New York New Haven Pittsburgh 
Rain Water Roof Pots Dust Fall Rainfall 

1:.-""""'ar:J'e • "._.,:.. 0 

~ ~ Sa.mp ling Total P Avera5e Total 
sr90 

Total 
sr90 sr90 Month Activity sr9 Activity Activity 

March 20 1.,3 46 109 103 

April 45 lc3 83 Q.,8 63 2o3 loO 

May 21 lo2 71 1.,0 42 o.,6 lo5 

June 17 Q.,8 27 0.,8 28 o.,6 104 

July 27 105 77 o .. 6 Oo6 

The beat comparison between rain water data and total fallout 

should be obtained using gummed film data, since the gummed film network 

covers the same a~ea as the rain water stations and operated over the same 

sampling period. Tne positioning of the two sampling networks is shown 

in figure 4o Because only 14 of the stations are duplicated, geographic 

extrapolation is employed to obtain values for the rain water sites that 

are not covered by gi.::u-nmed film stations., Distances of 100, 150, 200 and 

300 miles were used as extrapolation radiiD but it was found that the 

distance used made little difference in the final correlation., 150 miles 

was chosen as the optimum distance because, when circles of this radius 

were drav;n around t:ie rain we. ter sites, a maximum number of gummed film 

stations fell vri thin the given areas with a minimum number of circles 

overlappingo 

V'fi t:-i -;:·,,~::: sche!:le there are 11 results that may be compared in 

},'.2.1'ch; )OJ in A::·>:~_ 20, in May; 25D ir.. June, and 23 in July., The highest 

- ..:... 
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Figure 4.. Location of rain water and gummed film sampling sites in 
the United Statese 
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correlation coefficient obtained, using the gummed film data( 7)as pre

dicted sr90 and rain water data as measured sr90, is 0.49., This r&la.-

tionship is shown in figure 5 1 using the month of May as an illustratior.. 

The ratios of average sr:o in rain to average Sr90 in gummed fil~~ range 

from 109 to 450 Table 6 is a summary of this comparison., 

Table 6e Comparison of sr90 in gummed film to sr90 in rain water. 

Sampling Average Sr90 Average sr90 
Month in rain water in ~UJTl!T'_ed film Ratio Correlation 

(mcL'.mi 2 /mo) (mcL'.mi2/mo) Coefficient 

March 1.,2 o.,41+ 2 .. 7 o.24 

April l.,l 0.,57 1 .. 9 Oe2J 

May 1.,6 0.,14 ll o.49 

June 1&0 0 .. 022 45 Oe0·2 

July 1~5 o .. o63 24 0.01 

CONCLUSIONS 

The relationship between fallout in rainfall with total fallo 1.lt 

measurements using the pot type of collector is goodg but there is poo~ 

agreement between the rain water data t;md gummed film measurementso It 

is believed that the Sr90 values calculated from gurmned film activity 

are low due to incorrect arbitrary burst assigmn.ents used in the 

calculations.,(6) 

Considering only the rainfall data., no overall correlation exists 

between rainfall and the level of Sr90 activity., It is interestin6 that 

al t."lough the testing of atomic weapons takes place in southern h:t:. h;:i.2:; 

t!'le sr90 deposition is higher at northern latitudes., If the fall:·:t ·:::.o 
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of recent tropospheric origin, this northward mov6ment c0 1_,1.:. 'ce ::.-.ie to 

OJ ' -· ' t' t th surface winds$ However g the high percentage of Sr" 1!'.:::.1ce.1:e.s .:,a e 

debris is old and entered the troposphere from the stratosphereo 

Since there is more sr90 in the northern region, the activity 

levels in the troposphere a.re not uniform over the UnitsC. States o Hovrever, 

when areas are chosen which a.re s::nall enough to have r..cs.rly the same 

tropospheric activity levels, the sr90 in rain wa.teT is proportional to 

the amount of precipitatione 

There is some justification for accepting the theory that a 

selective entrance zone for stratospheric fallout exists~ Tr.is is 

demonstrated in the initial separation of data~ where northern sites show 

little correlation although they have a higher mean level per inch of rain. 

Rainout for the southern stations is definitely proportional to the amount 

of rainfall~ suggesting a more uniform activity level in the atr:i~sphereo 

It should be noted that no correlation for southern sta~ions existed in 

July$ when there was fresh fallout., 

SUGGESTIONS 

The validity of the assumptions made from t:..::...s da ts. suffer from 

several sources of errore In the event a more compreh-;::sive study is 

undertaken in the future» there are several changes th?~'t should be ma.dee 

(1) The scope of the experiment should be extended to operate 

over a larger area and a longer period of ti~e, 

(2) Sampling methods should be improved to p~·eclude rdssing 

pa~ts of the rain smnpleo 
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(1) 
(2) 

(3) 

(4) 

(5) 
(6) 
(7) 
(8) 

(3) ·: ~ '::?..2. fal lo'.l t r -c. v 

sites of rainfall nce::>.su:re:·.e:·.~::::, 

Refere:i.ces e.nl lhte~ 

Instructions for Opere.ti.:i::; cf' Air !?:/~--- R'"_i_i:: Gzi.uges (AF = 1210)~ 
In a consideratle num'beT of s~-:icle &~ ':::·.:.'. ,;_~-~. :-1iscella.neous debris 

.;., - ., 
a..11d insoluble oils were preser::t. l: .. c~·.es,;o csses the samples were 
filtered and the residue dis ::s.::-d.ed ~- :· ~- :::: t: i;..ri5.lysis o 

Official Weathe~ Burea:.l data. was u::e:. t:: cc;.:<ect i::he Air Force 
total saJn_ple -volume data e.t the 5'~~:_-;-:;:':~:y-_ -:~' D::::-o Christian Junge 11 

of AFCRC a.nd Mre Fe Ie Sulli'lis.n cf 2:::-~.er e . .::-.:..::': Shermane Tr.is was 
to compensate for portions of the :., :c:-._: ·" 2· r:.:..:c sad ·;:hen the collector 
vms rn:.t opened in time to -:oll2,.;.t c:: -':i_s :·c:..:-:. 
In addition to the ncrmal r;:c.i::: '"'c.t2' .: ... ~::i.::.::·._;, e:::other series of 
collectic.na was run,_,_+ West Ns:Tt:::: ;.:: .o::c-~L.:stt.s vrith the ccllector 
open at all tire.es,. }b consistent ::e~~-:::r·c;r:·:? tetv;een the two sets 
of C.ata was i'ou..."1.d at HASL~ r.o·:rever. r.:-2 ·~::i: results were used in 
this report a.s tl1e best appr:·x3..:r.E-.V.> ::' e.~tivt-t.y levels at that 
stationo 
liallden e!ld Harley, Kti.SL Labc:-ato~"/ ?.ep::.::': 56-9, 
Jc Harle~'~ et al s IWO Rep::.rt 1>, 4u: -
P...ASL Fallout Surr.mary~ Ear~[, tl-irc~_;:· .. ~ ~::, 10)6. 
App~tecia ti on is expressed. t;::. .,._~,e I-;.._':-_ s ,._a.ff r.:.p,:-c,':;:0e:rs ·who ·:.·::.n:. 
5.ssociated dhectly and indirectly ·.-_ t':: ~ p·:oje2t. A"T.:r.g theI:J. 
were Helen Wo Keller and Se;yT:'.:•u:r T~,·· ·, _c • -.:(,;- h'21ped in various phases 
cf the analytical procedu:res.,, 
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