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.'1ina the first nuclear "·eapc.•ns It'll at ..tiamOK!)rdv . . \ .\It'.\ . "" Ju/1· 1 ·'>. 1 Y-15. 

.Jppr<~X11TII1tefy ]6U.UV0 0 /]f)U k.Ci; elf : .> • .l
4

ol Pu lras been ltl/e,·ted IIIlO the a uno
sphere. In addition. I 7.u01i a (I .. /.;('j I"' : J ~ PJ, entered tilt' atmosphere Ill Apnl 1 9()-1 as 
a result of the high-alruude bumup of a !1:\..tP-I.J wtellttt• po.,.·er source. Since most of the 
piutomum from nucleJlr weapons testrnK. as well as tluit from the S . .\'..tP-9 bumup. 
entered the stratosphere, .fa/lour luis been 1\ur/dwtdt•. 17re depvsuwn IS mj7uenced hr 
rneteorologrcal condllivns and a/s,J bl' tupnf(raphlcal _(eatures •Jf the t•arth s surface. 
Restdencr nme m the stral<lspherr IS about IU to II mvrlths ,.,,wel'er. b<'t'ause uf the 
fugh-alritude bum up of the SSAP-9· Je1'1ce. 11 was -' 1·r ht•,rure s1gntjicant amounts ,Jf thts 
Jt•bns reached the earth's sur}ace. 

In additwn to plutontum. substantial amounts vf : 4 1 Am are .f<Jrmed from the decay 
·•( the weak beta emitter 2 41 Pu and c1re an 1mpc.manr cvnsntuen: of f,;l/uut 

The rrraf()nty •J/ radwacm·trv enrenng the stratosphere dunng this past decade luis 
been a result of rhe Ounese nuclear weapons restmg 111t' rat too} p/utomum to 1 1 'Cs has 
hee11 relativell· c.mstant throughout the nuclear weapons penud. and thus a mt'asurement 
<>f 1 17 Cs permus a reasonable eSil1711ltt ••{ the pluwmum Je/}l>Sttion. The ra11o vf 
mrmuramc elemerus m }a/lout 1s subsranllallv different from tl111t m power reactor 
wastes. 1\'hlt·h contain for mvrt• amertctum and nmum rclam•e to plutvnrum. f-resh 
rill/out {rom tfrcm111/ nuclt>ar weapons con tams lar,f(f' amuuttts ,,f shurt·ltved 1 l 7 C and 
: -•• .\'p, and these rrrav c,mmbure substanrw/11· t• • tilt' radtatton exposure at the earths 
wrface. 

fhe t1rs1 s1gnrtkant mtectron •>f uansuramum elements rnto the atmosphere lll:t:urred as 
the rt.'sult of the nudear weapons testmg m Alamogordo. ~. Mex . on July 16, I Q4S. 
Between then and I Q~~ futther nudear Jewnauons resulted tn addtllonal anJectlons 10 
the atmosphere. however. he.:ause ,,t theu relall\'tl~ low y1eld. most ol th1s Jebns was 
.:<Jntined to the troposphere On 'l;nv I. JQ5~. the fust thermonu.:lear devtce was 
der,mated. Thts 1-l-Mt explost•'n u11e.:ted large arnllunts ,,f debm mto the stralosphere. 
fhe relallvelv h1gh energy y1eld ·Jt th1s tusron Jev~.:e. rogether wnh a much h1gher 
mtegrated neutron flux, greatly m~reaS<"<I the pr•>ductwn ,,1 the transuramum elements. 
fhe maJority of the transuramum elements and llther nuclear debns wtuch has been 
&nJected mto the atmosphere was produ.:ed dunng the I ')61 and I 4o~ Unned States 
tl. S.) and lmon of Sov1et So.:1allst Repubhcs tL.S.S.R.I nuclear testmg programs. A 
nudear weapons test-ban a!Ueement between the Lntted Slates. Cnued K.tngdum, and 
Sov1et L'mon 111 early I 963 suspended dtlll•lsphem tesung. However. m late 1464 the 
CluneS<' exploded theu tirst atmnsphenc nudcJr test. and sm.:e that time they have 
"'ntmued tesung1n the li<Hth~lll herrmphere lrJn,e -..J~ nut a melllbt'r ut lhe tesl-ban 
Jl!reement. and m nud-l<lt>h rhe' hl'!l'ln aln~<>~pht'rt.: ce~rtnp m 1he -.Juthern hemiSphere. 
nre re~r-ban Jgreemenl m J<.loJ Jrd ntH ruie "ut un~.kquuund.tests. \\olu.:h do nnt vent 111 
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reasonably .:onst.1nt Ill taJ1,>ut S1n.:e tht· l S JnJ I S S.R nudear test>"' l'lhl and 

1962. These data a~e bas~d on rneasure mem, begmntn)! m 1 'lo~ at Rl.:hland. WJsh. 

t.Jt>Q~l. anJ m IJter rwr~<•Js 111 "~" Y<>rl... '\ ~ t41 :\1. Jnd lbrwell. I n~lanJ t'~ \t 

The 1
·'"·

140 Pu. 1 1 'c, ra\H> appea" tube '"n".1n\ m nw't .:a~es 1.1.1\hlll the a.:.:urJ.:\ ••1 

the measurement~ and thus tenJ> t•• md1,;11e J 11ene1J1 ,·,m~t.Ul(\ nt tht~ tiJfl\IITJIIIllrtl 

producuon and atmosphefll: beha~·1ot re1all~e tu that nt the tiS~ton produ<ts. 

>10 Mt SNAP 138pu I 

1 10 10 M1 4 
o o~ :o~~ : :: ._._...__......,.__._--:-'-................. L.L..JW....-L_,J,-LJJ...JJIIJ,_..J...J'-L-...J'--.I-1~ ........ -LJ • .,Il ..... l .... , ... 1 _.,_._I ._I _._,_._0-'

1 
1%0 ·gro 

Fia- 5 Concentrations of '' 'l's '" surtacr au a! -'6 'II lalltudr since 1951. Thr 
concentrations prior to 1%2 wrrr rst•mattd bv normalumg concent1'2llorts measured~~ 

HMwell, l::n&~and. 

On lhe bas1s of observed 1 3 ,Cs .:oncentratanm at .Jf>":--; 1atatude san.:e 1<lo2 and an 

extrapolation ba..:k to 1953 by normaltz10!! Harwell. 1-.ngland. to Rldaland. Wash . 1 11 Cs 

air concentrations dunng the penod 1<~6: to 1464 las tndtcated m Fag. 5).1t should be 

possible to obtam a good esumate or the aHborne plutomum .:oncenlratwns durtng th1s 

enure penod. Such extrapolations are.111 .:ourse. subtect to some uncertamty. 

An atmosphenc samplmg pr•'tl-' am us an!!- I ugh altt!ude au~rall has been .:<>nduc.:ted 

smce 1959 (Hardy, 1973). Sampltng aucrall normally <>perate at lour I.Httudes --70"S. 

35°N, \0°N, and 40"S. Samphn!l altitudes nor mall)' ran11e trnm I S.O·JO l<> 70.000 It 

Figure 6 shows the ratios of 2 4 0 Pu '" 2 1 
• Pu. 24 1 l>u t" ~ ·' ~ Pu. and 24 2 PJ to ~ 3 

q Pu an Jll 

at 70°N Ia IIIude as a lunctwn ol ttme It 1s ev1Jent that there as .:onsaJerable vanauon an 

these ratios which IS unuoubtedlv assoc1ated wllh the ~~ pe and energy ot the weapon 

responsible for the plutomum tsotope produ~ttun There ts J substanllitl mc.:rease an the 

heavy-to-light plutomum Isotopes 1mmed~.atelv fnl!uwmg thr 1 W1l ;,nd 196~ Li .S 

L'.S.S.R. test senes. 
Figure 7 shows the concentrallons oi nsru and 139 ·

240 Pu lrom 1962 to the 

present. These measurements. wha~h were madl' near Rtchland. Wash .. show that sea,. ·nal 

vanauons If\ the 1 JS .n 9 
'
24 0 Pu were sam1lar tn those ,,, other nudear-weapons-produ..:ed 

radionudides of stratospherac ort!!tn. ma:qmum ..:on.:entrauons occur tn the late sprtn!\. 
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Fig. 6 Atom l'lltios or pluton1um •wtopes hom an au column 115,000 to 17,000 ft h1ghl at 70°N l~lltudr. 

~I 

and m1mmum concentrations cxcur m the wmter. The rate of decrease m the 119 
•
140 Pu 

concentrations from 1963 through 1967 correspo'!ded to a stratospheric half-residence 
ume of I 0 to II months. which ts smular to the half·residence times calculated from 
measureme:lls of other radtonuclides of stratosphenc ongm. The 239

·
140 Pu concentra· 

uons remamed fairly constant from 1967 to 197::. pnmarily because of yearly injections 
of plutonium by thermonuclear tests conducted by the Chmese at Lop Nor (44°N); the 
contnbuuon from the French tests m the South Pactfic 1 ::3°5) may also have significance. 

From 196;! through 1965 the lHpu and 1 -" ·140 Pu m surface air at Richland. Wash .. 
came pnmanly from the 1961 and 146: U.S. and U.S.S.R. senes. The 138 Put139

•
140 Pu 

acuvny ratio averaged about 0.020 m 1964. The acttvlly rauo stayed almost the same m 
1965. but, by the spnng of 1966,11 had mcreased to 0.04~. whtch suggests that 138 Pu 
!rom the SNAP·9A burnup was present. The amount of SNAP-9A 131 Pu present was 
determined from the 1 J 

8 Pu concentrations and the 1 uPu:139 •14 0 Pu actlvlly ralios; the 
actiVII) ratao tn debns from nuclear weapons tests was assumed to be 0.020. These 
constderations indicate that the lll Pu m Rlchland au from 1967 10 1971 came largely 
from SNAP·9A. From 1967 through 1469. the concenuauons of SNAP-9A plutoniUm at 
RJchland remained fatrly constant. whtch md1cates that the B 8 Pu was bemg transferred 
mto the northern hemtsphenc lower stratosphere at a rate comparable to the rate at 
which lHPu was bemg depostted on the earth's surla~~ Thts suggests that a substanual 
amount of 138 Pu was rctamed m the upper stratnsphere. and Its slow movement mto the 
lower stratosphere mamtamed a nearl;. .:onstant level lor about 2 yr. The fact that the 13 8 Pu concentrations showed the usual seasonal vanatums typ•cal of radwnuclides of ., 

··'I .. , 
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I 0 ·-

0 Sov!htrn htm•sphort HASl 
A Nortt\t>f'n hrm•sphere HASl 
)( Norf,e-rn ,..C!m,sp~rf!'. B•ttellf 

fi8- 8 Average yearly activity '" Pul',. ... 0 Pu ntioa tn surrace au. 

stratospheric ortgin mdicates that the transfer mvolved movement into the northern stratosphere and then to the troposphere. The hemtspheril: yearly averages compared with the yearly average at Richland, Wash .. are shown m Ftg. H. Concentrations of SNAP·9A 13 a Pu in the northern hemisphere and :tt Richland have decreased rapidly since 1968 and 1969, respectively. 
Similar changes in ground-level au concentrauons were observed at other locations m the northern and southern hemispheres (Hardy, 1976). These resuhs mdicate that the stratospheric debris inJected into the !ugh stratosphere may not produce high concentra· ttons of the debris in ground-level air until 2 yr later. These ground-level concentrations may in some regions remain nearly constant for about 2 yr before they begin to decrease. Although not formed directly in the nuclear weapons detonation. considerable amounts of HI Am are present m fallout debus. Thts. of cour1e. results from the decay of 141 Pu. On the basis of the amount of zn.uopu m the atmosphere and the ratio of 1 39 Pu to 241 Pu observed in the Mike test . • .me can calculate the 24 1 Am as a funcuon of lime m the atmosphere. The 141 Pu and the 24 1 Am rattos are plotted in Fig. 9 together with the observed concentrations of 14 1 Am as measured from samples taken at a monitonng station an Richland. Wash. It IS evident that the airborne concentrations are in reasonably good agreement with those calculated. Also, the ratio of 24 1 Am toll 9 .uoPu does increase, as would be expected, as the debm ages. On the basis of the yields of transuranium elements, which were observed in the Mike tests. and the ll 

9 
·
14 0 Pu updated inventory established by the Environmental Measurements laboratory ( EML), the total amounts of the other transuranJUm elements that have entered the atmosphere can be estimated. These values are shown in Table H. For i~topes of mass greater than 244, the total atmospheric inJections are in the range of hundredths to tens of curies, and the total alpha-decay activity of all the transuranium elements of mass greater than 241 is onJy aboutl'loofthe ll 9 .H 0 Pu. 
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