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ABSTRACT

The atmosphericconcentrationsof a wide spectrumof radionuclidespro-

duced by nuclearweapons,nuclearreactors,cosmic rays,radon and thoron

decay and the SNAP-gAburn-up (238pu)have been measuredat Richland,Wash-

ington,since 1961; at Barrow,Alaska,since 1964; and at other stationsfor

shorterperiodsof time. Followingthe U.S.A.- U.S.S.R.test series of 1961-62

the concentrationsof the longerlived nuclearweaponsradionuclidesreacheda

maximum in the springof 1963. The concentrationsthen decreaseduntil 1967,

when the Chineseconductedtheir first high-yieldatmosphericnucleartest.

In recentyears, the frequencyof high-yieldChinese tests has decreased,so

by 197g the average137Cs (30 yr) concentrationhad fallento 1.3% of the

1963concentration. However,in Octoberof 1980 the Chineseconducteda fairly

high-yieldtest, so the concentrationswill increaseagain in the springof

1981.

The measurementof atmosphericradioncu]ideconcentrationsduring the

past severalyears has producedconsiderablevaluable informationon the rates

of atmosphericmixing and depositionprocesseswhich can be used to predict

the behaviorof other particulatepollutants. The measurementshave shown,

for example,that the ground-levelconcentrationsof radionuclidesreleased

into the stratosphereincreaseto a maximumeach springand eventuallybegin

to decreasewith an ll-monthhalf-time. Only the time delaysbefore the

appearanceat ground-leveland beforethe beginningof the concentration

decreasedepend upon the releaselocationin the stratosphere,with middle-

and high-latitudelower stratosphericreleasesshowingthe shortestdelay

time, and equationalupper stratosphericreleases showingthe longestdelay

time. The concentrationsof cosmogenicand nuclearwe_oonsradionculides

averagedmore than twice as high at Richland,Washington,than at stationsat

about the same latitudeon the coast of Washingtonbecauseof verticalmixing
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caused by the CascadeMountainsbetweenthe coastal stationsand Richland.

The concentrationdifferenc_was greatestin the s_mmerwhen stabilityis

highestover the ocean and lowestover the continent. Comparisonof radio-

nuclideratios betweenRichlandand Barrow,Alaska, indicatethat most of

the 46Sc, 55Fe, 60Co, 65Zn, and 134Cs measuredat Richlandcame from the

plutonium-producingnuclearreactorsoperatingcn the HanfordReservation20

to 30 miles north of Richland. (Allbut one of these reactorswas shut down

in the late 1960'sand early 1970's.)
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INTRODUCTION
i i

Large quantitiesof radionuclideswere released intothe atmosphereby the

nucleartests conductedby the U.S.S.R.at Novaya Zemlya (75°N,55°E) in 1961

and 1962 and by the U.S.A.at Christmas(2°N, 157°W) and Johnston (17"N,169°E)

Islands in 1962. These countrieshave not conductedatmospherictests since

that time, but atmosphericnucleartests conductedby the french in the Sahara

Desert (27"N,0") and the South Pacific(21"S,137°W) from 1960 through1971,

and by the Chineseat Lop Nor (40"N,90°E) from !964 throughthe presenttime

have maintainedatmosphericradionuclideconcentrationsat appreciablelevels

(Carterand Moghissi1977, Perkins and Thomas 1980).

There has been considerableconcernover the healthhazardpresentedby

these radionuclides,but it has also been recognizedthat atmosphericmixing

and depositionratescan be determinedfrom their measurement. Therefore,

PacificNorthwestLaboratorybegan the continuousmeasurementof the atmos-

pheric concentrationsof a wide spectrumof radionuclidesproducedby nuclear

weapons, nuclearreactors,cosmic rays, and radon and thorondecay at Richland,

Washington (46"N,IIg"W) in 1961 and Barrow,Alaska (71°N,157"W) in 1964, and

has continuedthese measurementsthroughthe present time. Radionuclidecon-

centrationswere also measuredat Rio de Janeiro, Brazil (23°5,43°W) from 1966

through 1970;at Barbados,BritishWest Indies (13"N,60°W) from 1968 through

1970; and near the Pacificcoast of WashingtonState at Makah (48"N,125°W)

from 1967 through1970 and Quillayute(48"N,!25"W) from 1973 through1975.

Makah and Quillayuteare only about 30 miles anarz and have about the same ele-

vation and meteorology,so the concentrationsmeasured at these two stations

will be discussedtogetherunder the headingMakan-_uillayutein this paper.

The concentrationsmeasuredat Rio de Janeiroand Barbadosare reportedin the

tables,but they will not be discussedin this report.

Verticalprofilesof radionuclideconcentrationsweremeasured at alti-

tudes from 1.5 km to 19 km, mostly near Albuquerque,New Mexico (35"N,I07°W)

and Spokane,Washington(48"N, II7"W)from 1967 through1969,and east of

0
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Barbados in the summer of 1969. These measurements are reported in the

tables, but they will only be discussed whenever they shed light upon the

ground-level measurements.

This report will discuss the concentrations of the longer-lived radio-

nuclides (T I/2 > 12 days). The concentrations of shorter-lived radionu-

clides measured following Chinese nuclear tests since 1972 are discussed in

another report.
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EXPERIMENTAL

Air samplesare collectedat ground level using Roots Type RAI blowers

to draw air through air filters. In the past, milliporefiltershave been

used, but in recentyears sampleshave been collectedon IPC-1478filter paper

because it is cheaperand easier to handle than milliporefilters,and does not

plu_ up as readily, lt has been shown that at the face velocitiesused, IPC

filter paper has nearly a 100 collectionefficiencyfor radionuclidesattached

to aerosolparticles(Van den Akkev 1960, Friend et al. 1961). At the present

time, a 17 m3/min Roots blower is being used at Barrowand a i0 m3/min blower

at Richland. These flow rates give face velocitiesof about 700 m/min across

the filtersat both sites. Air sampleswere collectedabove ground level

aboardRB-57 aircraftusing ram pressureto force air throughIPC filters.

The air filter samplesare pressed into disks one-halfinch thick and

= two inches in diameterand counteddirectly,without chemicalseparation,on

gan_a-rayspectrometersto obtain the concentrationsof a wide spectrumof

radionuclides. Chemicalseparationsare also performedon portionsof some of

the filtersto obtain the concentrationsof radionuclidessuch as 55Fe,

90Sr, 238pu, 239pu and 2¢IAm which cannot be measured directlyby gamma-ray

spectrometry.

All of the concentrationsmeasuredby gamma-rayspectrometrybefore1966

were measuredusing anticoincidenceshieldedNaI(Tl)multidimensionalgamma-ray

spectrometers(Perkins19657. The energy resolutionof NaI(Tl)countersis not

good enoughto preventinterferencesbetweenseveralradionuclideswhich emit

gamma rays of similarenergy. However,many radionuclidesemit two or more

gamma rays simultaneously. The multidimensionalNaI(Tl)counterstake advan-

tage of this fact to minimize interferencesbetweenradionuclides. The sam-

ple to be counted is placed betweentwo largeNaI(Tl)crystals. When one of

the simultaneousgamma rays emittedby a radionuclidedeposits its energy in

one crystal,and the other depositsits energy in the secondcrystal,the

event is storedin a 4096 channelcomputermemory at a locationuniquelydeter-

mined by the individualenergiesof the two gamma rays. In this manner,the

=Q
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0
interferencesof radionuclideswhich emit simultaneousgamma rays with those

which emit either singleor simultaneousgamma rays are greatlyreduced. How-

ever, the interferencesbetweenradionuclidesthat emit singlegamma rays are

not reduced,so thesemultidimensionalcounters are still not able to resolve

the gamma rays of many radionuclides.For example, the gamma rays emittedby

the parent-daughterpair, 95Zr and 95Nb, cannot be resolved,so the sum of

the disintegrationrates of 95Zr and 95Nb have been reportedas 95ZrNb

when they were measuredwith NaI(Tl)counters.

Becauseof the inabilityof the NaI(Tl)countersto resolvethe gamma rays

_nittedby severalradionuclides,we began counting samplesin late 1966 with

anticoincidence-shielded.Ge(Li) diodes,which have approximately60 times bet-

ter energy_esolutionthan Nal{Tl)crystals(CooPeret al. 1968).) The early

Ge(Li) diodeswere quite small and thereforehad low countingefficiencies,

however,so they gave significantlypoorer numbers for many of the radionu-

clides than did the NaI(Tl)counters. Therefore,we countedair sampleswith

both Nai(TI)_nd Ge(Li)countersfor a few years. As largerGe(Li)diodes

became availabie,more and more radionuclidescould be measuredbetterwith the
Ge(Li) diodes. Therefore,since late 1970we have countedair samplesonly

with Ge(Li) diodes.

0
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RESULTSAND DISCUSSION

The atmosphericradionuclideconcentrationsthat have been measuredat

ground level at Barrow,Alaska;Richlandand Makah-Quillayute,Washington;Bar-

bados, BritishWest Indies;and Rio de Janeiro,Brazil,and above groundlevel

by aircraftare reportedin tables at the end of this report. The error limits

reported in the tablesare the I: statisticalcountingerrorsassociatedwith

the random fluctuationsin the countingrates. They do not includeother

sourcesof error such as counterdrift or malfunction,standardizationerror,

or errors in the calculatedvolumes'ofsampledair, becausethe magnitudesof

these errors are unfortunatelynot known. Therefore,the reportederro_ limits

representminimumpossiblerather than true error limits, lt has been esti-

mated that these other sourcesof errormay contributeas much as a 10% error

to the concentrations.Therefore,when the reportedstatisticalcountingerror

is significantlylargerthan 10%, it probablyrepresentsa fairlyaccurate

estimate of the true error, but when it is less than 10% it may representonly
a fraction of the total error.

Only a few error limitshave been calculatedfor the singlegamma-ray-

emitting radionuclidesthat were measured using Nal multidimensionalcounters,

since countergain shift generallyresultedin errors that were largerthan the

rather small statisticalcountingerrors.
!

The method of reportingmeasuredconcentrationsthat were near or below

the detectionlimitsof the countershas changedsince measurementswere begun

in !961. For the first few years calculatedconcentrationsthat were zero or

negativewere reportedas not detectable(abbreviatedND in the tables), lt

was soon realizedthat this method was not satisfactorybecauseit gave no

indicationof the maximumpossibleconcentration. Therefore,we now report

calculatedconcentrationsthat are zeroor negativeas less than 2: statistical

counting error. Concentrationsthat are very small are reportedas calculated

even when they are much smallerthan the error limits. This allowsmore accur-

ate concentrationaveragesto be calculatedthan if just lessthan numberswere

reported, lt also gives a better indicationof whether or not the actualcon-

centrations,are likelyto be significantlybelow the detectionlimit.

0
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NUCLEAR WEAPONS PRODUCED RADIONUCLIDES

Average Yearly Concentrations

The average yearly radionuclide concentrations at Richland, Washington,

from 1961 through 1979 and for Barrow, Alaska, from 1965 through 1979 are

reported in Tables I and 2, and the concentrations of three of the nuclear

weapons-produced radionuclides at Richland are plotted versus time in Figure i.

The size and timing of the Chinese atmospheric tests are also shown in

Figure I. Measurements of atmospheric radionuclide concentrations by several

investigators following numerous nuclear tests have shown that the rate of

transfer of radionuclides from the stratosphere into the troposphere reaches a

maximum in the spring, and that radionuclides introduced into the lowe_

stratosphere at middl_ or high latitudes are generally transferred into the

troposphere in maximum quantitie_ the foliowing spring. Therefore, the

concentrations of the Ionger-]'_ed radionuclides introduced into the atmo-

sphere by the 1961-62 nuclear tes_ _eries by the U.S.A. and the U.S.S.R. did

not reach a maximum at Richland until the spring of 1963. However, the con-

centrations of the shorter-lived radionuclides 95ZrNb (65 d), 103Ru (40 d),

140Ba (12.8 d), and 141Ce (32.5 d) decreased after 1961 because of radio-

active decay.

The concentrations of the nuclear weapons-produced radionuclides decreased

rapidly until about 1967, when the Chinese conducted their first high-yield

nuclear test at Lop Nor, (40°N, 90"E). The concentrations of the shorter-lived

radionuclides decreased faster than did the concentrations of the longer-lived

radionuclides. In 1968 the concentrations of 137Cs (30 yr) at Richland aver-

aged 7.8% of the maximum concentrations measured in 1963, but the 103Ru

(40 d) concentrations averaged only 0.2% of the maximum concentrations measured

i_ 1961. After 1968, the radionuclides increased somewhat (reaching a maximum

in 1971) because of four 3-megaton tests conducted by the Chinese from 1967

through 1970 (Carter and Moghissi 1977, Perkins and Thomas 1980). In 1971,

the 137Cs concentrations at Richland averaged 11% of the 1963 concentrations.

The Chinese conducted only two high-yield tests from 1971 until late 1976, so

the radionuclide concentrations decreased again during this period. Bv i976
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the 137Cs concentrationsat Richland had decreasedto 1.2% of the 1963 con-

centrations. The Chineseconductedtwo high-yieldtests in late 1976, caus-

ing the radionuclideconcentrationsto increaseagain in 1977. They conducted

only three small tests in 1977 and 1978 and none in 1979, so the radionuclide

c]ncentrationsdecreasedagain through1979. In 1979 the 137Cs concentra-

tions at Richlandaveragedonly 1.3% of the 1963 concentrationsand 17% of the

1967 concentrations. However, in Octoberof 1980 the Chineseconducteda 0.2

to i megaton test, so concentrationswill increaseagain in the springof 1981.

StratosphericResidenceTime

Although low-yieldnucleartests leave significantamountsof radionu-

clides in the troposphere,most of the radionuclidesproducedby high-_ield

tests rise into the stratosphere(Ferber1964, Peterson1970). The residence

time of radionuclides"inthe tropospherebeforethey are depositedon the

earth's surface is around a month or less (junge1963, Enhalt1973, Martelland

Moore 1974, Bleichrodt1978). Therefore,except for the first few months fol-

lowing a nucleartest,the primarysourceof nuclearweapons-producedradio-

O nuclides in the troposphereis radionuclidesthat were first introducedinto
.... the stratosphere. As a result,the rate of decrease in the averageannual

radionuclideconcentrationsin the tropospherein periodswhen there is no

nucleartestingshouldbe equal to the rate of decreasein the concentrations

in the lower stratosphere.

Measurementsby several investigatorsof radionuclidesreleasedat differ-

ent latitudesand altitudesin the stratospherehave shown that processessuch

as I) gravitationalsettling (whichincreaseswith altitudein the strato-

sphere),2) polewardtransportin the upper stratosphere,3) downwardtrans-

port in the middle and high-latitudestratosphereduringthe winter and spring,

and 4) meridionaltransportand diffusionmore or less parallelto the tropo-

pause in the lowerstratosphereeventuallyproduceremarkablysimilarradionu-

cliae distributionsin the stratospherefor differentreleasealtitudesand

latitudes(List and Telequdas1969, Feely et al. i966, Machteet al. 1970,

Krey et al. 1973).This distributionfeaturesa layer of maximum concentration

in the lower stratospherewhich slopesupward from the pole to the equator,

12
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more or less parallelto the tropopause(Fig. 2). The time requiredto

approachthis distributiondependsupon the locationof the release,with

minimumtimes requiredfor releases in the lowermid-latitudeor polar strato-

sphere and maximumtimes requiredfor releasesin the high equatorialstrato-

sphere. Ground levelmeasurementsat Richlandof radionuclidesreleasedat

three differentlocationsin the stratospherehave indicatedthat once this

stratospheredistributionwas approached,the stratosphericconcentrations

decreasedat approximatelythe same rate for the three releaselocations, lt

is believedthat this will also hold true for other releaselocations.

During the periodfrom 1963 through1966, the decay-correctedconcentra-

tions of severallong-livedradionuclidesdecreasedwith an averagehalf-time

of 11 months at Richland,indicatingthat the concentrationsin the lowerstra-

tospherewere decreasingat this rate. During this periodthere was little

atmospherictesting. The French and Chineseconducteda few small tests,

mostly in late 1966, but the yield of these tests was lessthan 0.5% of the

yield of the 1961-62test series(Carterand Moghissi1977, Perkinsand Thomas

O 1980). Therefore,the primarysourcesof radionuclideswere the tests con-
ducted by the U.S. at 2°N, 157"W and 17°N, 169°E in 1961 and the U.S.S.R°at

75°N, 55°E in 1961 and 1962. However,the totalyield of the Russiantests was

about eight times thatof the U.S. tests (Peterson1970). Also, about 60% of

the total yield of the Russiantests was contributedby tests in 1962 (Carter

and Moghissi 1977, Perkinsand Thomas 1980),and much of the debris from the

1961 tests was transferredto the tropospherein 1962. Therefore,sincealmost

all of the R_ssiandebrisstabilizedbelow 20 km (Ferber1964), it may be con-

sideredthat radionuclidesmeasuredat Richlandfrom 1963 through1966 were

mostly injectedinto the lower polar (75"N)stratospherein 1962. These

resultsindicatethat radionuclidesintroducedinto the lower polar strato-

spherewill producemaximumground-levelconcentrationsthe followingspring,

and that the decay-correctedstratosphericand troposphericconcentrationswill

decreasefrom then on with an ll-monthhalf-time.

0
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The decay-corrected long-lived radionuclides injected
concentrations of

into the lower stratosphere at mid-latitudes (40°N) by Chinese tests also

reached maximums the following year at Richland and Barrow and then decreased

with an 11-month half-time. Following the 3-megaton Chinese test of October

14, 1970, the decay-corrected concentrations of the long-lived radionuclides

reached a maximum in the spring of 1971 and decreased with an ll-month half-

time from 1971 through 1973o The Chinese then tested a 2 to 3-megaton device

on June 26, 1973, so the decay-corrected concentrations again increased to a

maximum in the spring of 1974 and then decreased with an 11-month half-time

from 1974 through 1976, when the Chinese conducted two more tests.

Plutonium-238

The concentrations of 238pu (85 yr) introduced into the high equatorial

stratosphere did not reach a maximum at Richland until five years after the

release, but after that they decreased with a 12-month half-time (Figure 3).

Plutonium-238 is released in small quantities by nuclear weapons tests. How-

ever, in April of 1974 a navigational satellite containing an electric power

generator (SNAP-gA) using 238pu as a heat source burned up at an altitude of

about 50 km at 11"S over the Indian Ocean, releasing 17 kCi of submicron-sized

i 238pu particles (Hansen et al. 1965, Krey 1967, USAEC 1968). At the begin-

ning of 1965, the 238pu was still above 25 km in the stratosphere (List and

Telegadas 1969). However, by September-November of 1965 layers of maximum con-

centration had developed in the lower stratosphere south of 30°S at an altitude

of about 20 km, and north of 40°N at an altitude of about 30 km (Figure 4).

By June-August of 1966, the concentration maximums were at about 20 km at mid-

dle and high latitudes of both hemispheres (Figure 5). Miyake (1970) reported

that measurable concentrations of 238pu first appeared at Tokyo in late 1966.

At Richland, 238pu concentrations began to increase in the spring of 1966

(Figure 3). The 238pu/239pu ratio also increased, indicating that the 238pu

originated from SNAP-gA rather than nuclear weapons tests. Even though the

238pu concentrations had developed the characteristic concentration maximums

in the lower stratosphere by the middle of 1966, 238pu concentrations at

Richland continued to increase until 1969, indicating that 238pu wa_ still

15
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0
being transporteddownwardfrom the high stratosphere(abovethe highestmea-

surements)to the lower stratospherein considerablequantities. From 1969

through 1976, however,the concentrationsof SNAP-gA238pu decreasedwith a

half-timeof 12 months, indicatingthat the majorityof the 238pu had been

transportedto the lower stratosphere. After 1976 the concentrationsof

SNAP-gA238pu were lower than the concentrationsof nuclearweapons-produced

238pu, so it was no longerpossibleto observethe decreasein the concen-

trationsof SNAP-gA238pu.

About 80% of the SNAP-gA238pu was in the southernstratosphereduring

January-March,1966, and only 20% was in the northernstratosphere(Krey1967).

Plutonium-238concentrationsremainedsignificantlyhigher in the southern

stratospherethan the northern stratospherethroughat least 1972 (Krey et al.

1973). Therefore,exchangebetweenthe hemispheresin the stratosphereshould

have slowed the rate of decreaseof 238pu in the northernstratosphere. How-

ever, the measuredrate of decrease in the 238pu concentrationsin the north-

ern hemispherewas probablynot significantlyslower than the measured rates

O of decrease in the concentrationsof radionuclidesintroducedinto the northern
stratosphereby the Chineseand the Russians,even thoughexchangebetweenthe

stratospheresshouldhave increasedthe rates of decreasein the northernhemi-

sphericconcentrationsof these radionuclides, lt thereforedoes not appear

that exchangebetweenthe northernand southernstratospheresis rapid enough

to change the rate of decreasein the radionuclideconcentrationsin the north-

ern hemisphereby an amount that can be measuredeasily. Reiter (1978)has

estimatedthat only about 16% of the air in the stratosphereof one hemisphere

is exchangedwith the stratosphereof the other hemisphereannually.

SeasonalVariations

The concentrationsof nuclearweapons-producedradionuclidesshowedpro-

nouncedseasonalvariationsat Richland(46°N),Makah-Quillayute(48°N)and

Barrow (71"N),but the variationswere somewhatdifferentat Barrow than at

Richlandor Makah-Quillayute.In addition,the concentrationsshowed large

shorter-termvariationsthat resultedfrom variationsin processessuch as wet

depositionand verticalmixing. Therefore,it was necessaryto averagethe
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data over severalyears to obtain a clear pictureof the averageseasonalvari-

ations. Since the concentrationlevelsvaried considerablyfrom year to year,

it was also necessaryto normalizeeach year's data in somemanner beforeaver-

aging the seasonalvariationsof aifferentyears. This was done by dividing

the averageconcentrationof eat,.month by the averageconcentrationfor the

year. The averageratiosof monthlyto yearly concentrationfor the long-lived

nuclearweapons-producedradionuclide137Cs at Richland,Makah-Quillayuteand

Barrow are plottedversusmonth in Figure 6.

The radionuclideconcentrationsincreasedto a maximum in the springat

the three sites becauseof the springmaximum in the rate of transferof radio-

nuclidesfrom the stratosphereinto the tropospherethroughthe tropopausegap.

However,the concentrationsreacheda maximum in April at Barrow,but did not

reach a maximum until one month later at Richlandand Makah-Quillayute.The

concentrationsat Barrowthen decreasedto a minimum in August,but the concen-

trationsat Richlandand Makah-Quillayutedid not reach a minimumuntil Decem-

ber, four months later.

The seasonalvariationsof other radionuclideshave been almostlong-lived

identicalto those of 137Cs. Even the seasonalvariationsof the relatively

short-livedradionuclides95Zr (65 d), 103Ru (40 d), and 141Ce (32.5d) were

generallyalmost identicalto those of the longer-livedradionuclides,although

there were a coupleof years in which the 95Zr, 103Ru and 137Cs concentration

variationswere clearlycontrolledby the timingof the low-yieldChinese

tests, lt thereforeappearsthat the primarysource of these and longer-lived

radionuclidessince 1962 has been nucleardebris that was first injectedinto

the stratosphere,despitethe fact that the Chinesehave conductedseverallow-

yield tests which releasedlargequantitiesof radionuclidesinto the tropo-

sphere. The concentrationvariationsof radionuclideshavingshorterhalf-

lives than 141Ce (32.5d) have been controlledby the timingof these low-

yield tests, however,indicatingthat their primarysourcehas been debris

released into the troposphere.

The concentrationsof the nuclearweaponsradionuclideshave averaged3.8

times higher at Richlandthan at Barrow,at least partlybecauseradionuclides

are transferredfrom the stratosphereinto the troposphereprimarilythrough
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the tropopausegap at mid-latitudes. The fact that radionuclidesbegan to

decreaseat Barrow afterApril,when the concentrationswere still increasing

at Richland,is probablydue to the decreasein the rate of transportof radio-

nuclidesfrom middle to high latitudeswhich occurs when meridionalmixing

decreasesin the springand summer. Becauseof the relativelyshort residence

time of radionuclidesin the troposphere,the concentrationsat Barrow would

be expectedto decreasewhen the transportof radionuclidesfrom mid-latitudes

decreased. The increasein the concentrationsat Barrow afterAugust probably

resultsfrom the increasein meridionalmixing which occurs in the fall and

winter.

The concentrationsof the nuclearweapons radionuclidesat Richland.also

averagedabout 2.7 times higher than those at Makah-Quillayute,even though

Richland is at about the same latitudeas Makah-quillayute.Some of the dif-

ferencecould be due to the fact that precipitationis very heavy at Makah-

Quillayute(250 cm/yr),but is very lightat Richland (16 cm/yr). However,

the concentrationdifferencewas greatestduring the summer,when rainfallis

e light at both locations(Figure7). the higher concentrationsat Richland are
probablydue primarilyto the verticalmixing that occurswhen air passes over

the CascadeMountainsgoing from the Washingtoncoast to Richlandin eastern

Washington. Verticalprofilesof radionuclideconcentrationsmeasured by Paci-

fic NorthwestLaboratorynorth of Richlandshowed that the radionuclideconcen-

trationsdoubledfor every 1.5 to 2 km increasein altitudein the lower tropo-

sphere,so verticalmixing would increaseground-levelconcentrationsconsider-

ably (FigureB). Concentrationsmeasuredby the EnvironmentalMeasurements

Laboratory(EML) at Salt Lake City, Utah (41"N, ill*W)and Rocky Flats, Colo-

rado (40'N,I05"W)were even higher than those at Richland (E_ 1979), indica-
(

ting continuedverticalmixing as the air passed over additionalmountain

ranges (Figure7). The radionuclideconcentrationsmeasuredby EML at New

York City (41"N,74"W),however,averagedsomewhat lowerthan those at Rich-

land,but still over twice as high as those at Makah-Quillayute.
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FIGURE 7. SeasonalVariationsof 137Cs at Quillayute,Richland,
Salt Lake City, Rocky Flats, and New York City During
1973 and 1974. Averageconcentrationsfor the period
are given in parentheses.
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COSMOGENICRADIONUCLIDES

AverageYearly Concentrations

Ber},llium-7-Spallationreactionsof cosmic rays with atmosphericgases

produce7Be (53 d), 22Na (2.6yr) and severalother radionuclides.The produc-

tion rates of thesecosmogenicradionuclidesper gram of air increaseby three

to four orders of magnitudebetweenground level and the lower stratosphere,

and also increasewith increasinglatitude,especiallyat higher altitudes

(Lal and Peters 1962, Young et al. 1970).

The averageconcentrationsof 7Be at Richland and Barrowhave varied

with time, but the variationhas been differentthan that of the nuclear,weap-

ons radionuclides(Figureg). The 7Be productionrate shouldbe proportional

to the cosmic ray flux in the earth'satmosphere. Therefore,the production

rate shouldvary inverselywith the sunspotnumber,since the magneticfields

associatedwith sunspotsinhibitthe penetrationof cosmicrays (especially

those with low magneticrigidity)into the solar system. This reductionshould

be greatest at high altitudesand latitudes,because low rigiditycosmic rays

are deflectedtowardpolar regionsby the earth'smagneticfield, and are also

less able to penetratethe earth'satmosphere. Accordingto Lal and Peters

(1962),the primarycosmicray intensityat 45"N was 40% lowerduring the solar

maximumof 1958 thanduring the solarminimumof 1954, and the cosmogenicrad-

ionuclideproductionrate was 24% lower in 1958 than in 1954.

The 7Be concentrationsat Richlandand Barrow have shown the expected

correlationwith the cosmic ray (neutron)flux, and anticorrelationwith sun-

spot number,except at Richlandfrom 1964 through1967, when the 7Be concen-

trationswere lower than would be predictedfrom the neutronflux. lt is pos-

sible that the low reportedaverage7Be concentrationsat Richlandfrom 1964

through1967 resultedfrom experimentalerror,since 7Be was measuredat

Richland using NaI(Tl)countersbefore1968. Beryllium-7is particularly

difficultto measurewith Nai(T1)countersin the presenceof largeamountsof

103Ru becauseI) the gamma rays emittedby 7Be and 103Ru have similarenergy,

2) neither7Be nor 103Ru emit simultaneousgamma rays, 3) the half-lifeof

103Ru (40 d) is not much shorterthan thatof 7Be (53 d), so allowingthe

Q
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samplesto decay a few monthsbefore countingdoes not increasethe 7Be/103Ru

ratio rapidly enoughto increasethe accuracyof the 7Be measurementsvery

much, and 4) only 10.4% of the 7Be atoms emit the measuredgamma ray upon

decay. One of the NaI(Tl)countersused has been shown to give systematically

low values for 7Be in the presenceof 103Ru,due to a tendencyto drift to

lower gain. The early 7Be measurementsat Barrowwould be expectedto be more

accurate than those at Richlandbecause I) measurementwith Ge(Li) diodeswas

begun one year earlierat Barrow_2) the ratio of 103Ru to 7Be has been consid-

erably lower at Barrowthan at Richland,and 3) there has been a tendencyto

allow the Barrow samplesto decay longerbefore counting.

During the period from 1968 through1979 the minimumaverageannual.7Be

concentrationat Richlandwas 21% lower than the maximumconcentration,a vari-

ation very similarto that reportedby Lal Peters (1962)for 1954 through1958

at 45°N. However,the minimumaverageannual concentrationat Barrowwas 47%

lower than the maximum. The largervariationat Barrowmight be expectedsince

the magnetic Fields associatedwith solar activityhave the greatesteffecton

i_ low-rigiditycosmic rays,which are deflectedtoward high latitudesby the
• earth'smagneticfield. Of course,the measured concentrationvariationsare

not necessarilydue entirelyto variationsin the productionrate. Variations

in meteorologicalconditionsfrom year to year (possiblyeven caused by the

variationsin the solaractivity)may cause variationsin the ground-level
7Be concentrations.

PacificNorthwestLaboratoryalso measured verticalprofilesof 7Be and

the shorter-livedcosmogenicradionuclide,24Na (15 hr), from 1967 through

1969 (Younget al. 1970). The averageyearly concentrationsof 7Be and 24Na

at an altitudeof 18.3km from _0 to 46"N decreasedfrom 1967 through19699as

would be predictedfrom the decreasein the neutronflux.

Sodium-22- Sodium-22is producedby cosmic rays, but it is also produced

by nuclearweaponstests by the reaction23Na(n,2n)22Na. Large amountsof

22Na were released intothe atmosphereby Russianthermonucleartests in

which sodium apparentlywas added to the nucleardeviceto providea measure

0
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of the neutronflux. Sodium-22is also producedwhen sodium in crustalmate-

rial is ingestedinto the fireballof a ground-leveltest.

The 22Na concentrationsat Richland reacheda maximum in 1963 and then

decreasedrapidlyuntil 1967, when they averaged5.3% of the 1963 concentra-

tions (Figure10). The concentrationsat Barrow also decreasedr_pidlyfrom

1964 through 1966. Between1963 and 1966 the decay correctedconcentrations

of nuclearweapons-produced22Na at Richland decreasedwith a half-timeof

11.8 months (in making this calculationit was assumedthat the 22Na concGn-

trations in 1979 representedthe concentrationdue to cosmogenic22Na, so

this concentrationwas subtractedfrom the measuredconcentrationsto obtain

the concentrationsdue to nuclearweapons).

After 1967, the 22Na concentrationscontinuedto decrease,but at a much

slower rate. From !967 through1978 the decreasemay not have been signifi-

cant. However,the concentrationsof cosmogenic22Na would have been expec-

ted to increasebecausethe cosmic-rayflux was increasing,so it is likely

that there was still some nuclearweapons 22Na in the atmosphere,mostly

0 from Chinese tests.
The concentrationdifferencesbetweenRichland and Barrowwere consider-

ably smallerfor 7Be and 22Na than for the nuclearweaponsradionuclides.

The ratios of the Richlandto the Barrowconcentrationsaveraged2.1 for 7Be

and 2.4 for 22Na (from 1967 on), as comparedto 3.8 for the nuclearweapons

radionuclides. The differencesbetweenRichland and Barrowwere probably

smallerfor 7Be and 22Na becauseof their productionin the troposphere.

The variationsin the average7Be and 22Na concentrationsbetweenMakah-

Quillayute,Richland,and the EML stationsat Salt Lake City, Rocky Flats,

and New York City were almost identicalto those of the nuclearweapons

radionuclides.

SeasonalVariations

The averagemonthlyconcentrationsof 7Be and 22Na at Richland,Barrow,

and Makah-Quillayuteare given in Figures11 and 12. Sodium-22concentrations

measured before1967 were not used becausethe seasonalvariationsof cosmogenic
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22Na were desired,and the 22Na concentrationsbefore 1957were clearlydomi-

nated by nuclearweapons22Na. The seasonalvariationsof 7Be and 22Na

were somewhatdifferentfrom those of the nuclearweapons-producedradionu-

clides (seeFigure 6). At Richland,the maximum 7Be concentrationoccurred

two months later than the maximum in the nuclearweaponsradionuclides,but at

Barrow the maximum7Be concentrationoccurredone month earlierthan the

maximum in the nuclearweaponsradionuclides.The concentrationmaximum was

also broaderfor 7Be than for the nuclearweapons radionuclides.The net

resultwas that the 7Be seasonalvariationsappearedto be considerablyfar-

ther out-of-phasebetweenRichlandand Barrowthan were the nuclearweapons

radionuclides.

The seasonalvariationsof 22Na at Richland and Barrowappearedto be

intermediatebetweenthose of 7Be and the nuclearweaponsradionuclides,

probablybecausethe half-lifeof 22Na (2.6yr) is considerablylongerthan

that of 7Be (53 d), so a largerfractionof the measured22Na was of strat-

osphericorigin. Also, some of the 22Na was probablyof nuclearweapons

O origin.
The seasonalvariationsof 7Be at Makah-Quillayutewere distinctlydif-

ferent from those at Richlandor Barrow,and were also differentfrom the sea-

sonal variationsof 22Na or the nuclearweapons radionuclidesat Richland,

Barrow,or Makah_uillayute. The 7Be concentrationsat Makah-Quillayute

(1968-70,1973-74)rose to a maximum in April and May, decreasedsharplyfrom

June throughAugust, increasedagain to a maximum in October,and then

decreasedto a minimum in Decemberand January (Figure13). The depressed

7Be concentrationsin Jume throughAugust at Makah-Quillayutewere probably

caused by the increasedstabilityof the lower atmosphereover the Pacific

Ocean during the summermonths,which inhibitsthe transportof 7Be downward

from altitudesof higherconcentration.When marine air moves inlandfrom the

coast, surfaceheatingdecreasesthe stabilityand mountainrangescause

increasedverticalmixing, so it is not surprisingthat Richlandshows no

evidenceof decreased7Be concentrationsin the summer. What is surprising

is that 22Na and the nuclearweaponsradionuclidesdid not show the same

decreasedconcentrationsin the summerat Makah-Quillayuteas did 7Be.

0
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FIGURE 13. SeasonalVariationsof 7Be, 22Na, and 137Cs at Makah-
Quillayute(1968-1970,1973-1974)
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The nuclearweaponsradionuclidesdid show some evidenceof decreasedconcen-

trations,but the decreasewas very slight.

The reasonsfor the differencesbetweenthe seasonalvariationsbetween

7Be, 22Na and the nuclearweapons radionuclidesare not clear, but they

undoubtedlyresultfrom differencesin the sourcedistributions. Bleichrodt

(1978)estimatedthat only 30% of the 7Be depositedon the earth'ssurface

at 50"N is formed in the stratosphere. Aegerteret al. (1966)concludedfrom

the concentrationratiosof cosmogenic32p and 7Be measuredat ground level

at 47°N that the seasonalvariationof 7Be was due primarilyto the transport

of 7Be downwardfrom higher altitudesin the troposphere,rather than trans=

port from the stratosphere,as is the case for nuclearweaponsradionuclides.

If this is true, then the 7Be concentrationsin the middle and upper tropo-

spheremight becomedepletedbelow equilibriumlevelsby this transport. To

test this possibility,the ratios of the 7Be and 22Na disintegrationrates

measured by PacificNorthwestLaboratoryfrom 40 to 46°N to the production

rates calculatedby Bhandariet al. (1966)and Lal and Peters (1962)were

Q plottedversus altitudein Figure 14. At ground level the 7Be disintegra-7
.... tion rates averagedabout the same as the productionrates. Since Be is

removedrather rapidlyfrom the lowera_osohere by wet and dry deposition,

this indicatesthat 7Be was being replenishedrather rapidlyfrom higher

altitudes. As the altitudeincreased,the ratio of the disintegrationrate to

the productionrate decreaseduntil maximumdepletionoccurredat around

7.5 km. The ratio then increasedwith altitudeuntil the disintegrationrate

was only slightlybelow the productionrate from 12 to 19 km. The ratio of

the disintegrationrate to the productionrate for 22Na showed the same

change with altitudeas did 7Be, except that the 22Na disintegrationrates

were significantlyfartherbelow equilibriumthan were those of 7Be because

of the longerhalf-lifeof 22Na. The ratiosof the disintegrationrate to

the productionrate for 7Be and 22Na at 35°N varied about the same with

altitudeas those at 40 to 46"N. lt thus appearsthat a considerablefraction

of the 7Be measuredat ground level originatedat higher altitudesin the

troposphere. However,a significantcontributionfrom stratospheric7Be

cannot be ruled out. Becauseof the large increasein the productionrate

0
34



O

35



with altitude,the 7Be depletionshown for 12 to 19 km representsabout one-

half of the 7Be representedby the depletionfrom ground levelto 12 km.

However,the depletionshown for 22Na for 12 to 19 km representstwice the 22Na

representedby the depletionfrom ground level to 12 km. The 7Be depletions

calculatedfrom these profilesare unlikelyto be very accurateat high alti-

tudes where the productionrates are high and the percentdepletionsare low,

becauseof errors in the measuredaverageconcentrationsand the calculated

productionrates. In addition,meridionaltransportalso affectsthe 7Be

and 22Na depletions,so the depletionmay not be a very accurateindication

of vert'.altransport.

In Figure 14 the ratio of disintegrationrate to productionrate for 7Be

is also plottedversus altitudefor the six months of maximumconcentrationat

Richland (April-September)and for the six months of minimumconcentration

(October-March)to indicatethe sourceof the seasonalvariations. During the

months of maximumground-levelconcentrationthe concentrationsfrom 7.B km to

12 km were considerablymore depletedthan during the monthsof minimum ground-

level concentration,suggestingthat the concentrationmaximumat ground level

..... resultsfrom increasedtransportfrom these altitudes. '/erticalmixing is

more intensein the lower atmosphereover continentalareas during the spring

_d summerwhen atmosphericstabilitydecreases. The concentrationsfrom 12

tu 19 km _ere actuallyhigherduringthe months of maximumground-levelcon-

centration, lt is possiblethat these higherconcentrationscould lead to

increasedtransportof 7Be to ground level,producingincreasedground-level

concentrations. The concentrationsat 12 to 19 km could be maintainedby

meridionaltransportfromhigher latitudes,where 7Be productionrates are

higher.

The ratios of the average7Be and 22Na concentrationsto the average

measured concentrationsof the short-livedcosmogenicradionuclide,2CNa

(15 ht), were also plottedversusaltitudein Figure 14 to confirmthe pattern

of 7Be and 22Na depletionversusaltitude. The half-lifeof 24Na is so short

that it shouldbe nearlyat equilibriumwith its productionrate. Therefore,

changes in the 7Be/24Naand 22Na/Z4Naratiosshould corr_spondto changes in

the 7Be and 22Na depletion. The variationof these ratioswith altitude
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were very similarto those of the ratios of disintegrationrate to production

rate for 7Be and 22Na, confirmingthat the variationin the 7Be and 22Na

depletionwith altitudeis real.

LEAD-210

Lead-210 is a long-lived(22 yr) daughterof radon (222Rn). Radon is a

radioactivegas which is producedby the decay of radium in crustalmaterial.

After its formation,radon diffuses into the atmospherewhere it decaysthrough

a chain of daughterradionuclidesuntil stable lead is produced. The radon

daughtersquicklybecome attachedto atmosphericaerosols,and are therefore

collectedon air filters. Since radon has a 3.8 day half-life,it is able

to mix upward to a certainextent in the atmosphere,but its concentrations

decrease rapidlywith altitude. The concentrationsof 210pb also decreases

with altitudein the lowertroposphereover continentalareas, but the decrease

is less than that of radon because the long half-lifeof 210pb allowsfor

greaterupward transport.

The averagemonthlyconcentrationsof 210pb at Richlandfrom 1975

through1979 and Barrowfrom 1974 through1979 are plottedin Figure 15. The

210pb concentrationsat Barrow averagedabout 70% of those at Richland. The

concentrationsshowedpronouncedseasonalvariationsat both Richlandand Bar-

row, but the variationswere out of phase with those of the nuclearweapons

and cosmogenicradionuclides,with maximumsoccurringin the winter and mini-

mums in the summer. The variationswere fairlysimilarat Richland_nd Bar-

row, except that the concentrationincreasesand decreaseswere somewhatear-

lier in theyear at Richland.

Severalother investigatorshavemeasuredsimilarconcentrationvaria-

tions for 210pb and/orradon at continentalstations (Joshiand Rangarajan

1969, Joshi et al. 196g, Peirsonet al. 1966, Lockhart1962).The seasonal

variationsof radon measuredby Lockhart(1962)at Wales and Kodiak,Alaska,

for example,are very similarto those of 210pb at Barrow (Figure16). lt

is believed by many investigatorsthat a primarycause of the decreasein the

radon and radon daughtersin the springand summer is the decrease in the

stabilityof the loweratmospherethat occurs at this time, leadingto
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FIGURE15. SeasonalVariationof 210Rbat Richland(1975-1979)and
Barrow(1974-1979)
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increasedverticalmixing,lower ground-levelconcentrationsand increased

concentrationsat higher altitudes(Galeand People 1958, Joshi et al. 1969,

Reiter 1978, Beck and Gogolak1979). The spring increasein verticalmixing

would be expectedto occur earlier at Richlandthan at Barrow,which would

explainthe earlierconcentrationdecreaseat Richland. In Figure 17, the

averageverticalprofilesof radon and 210pb measuredby Moore (1973)are

shown for the six months that 210pb concentrationswere minimumat Richland

(March-April)and for the six months 210pb concentrationswere maximum at

Richland (September-February).lt can be seen that concentrationsabove ground

levelwere high when ground-levelconcentrationswere low and vice versa,which

would supportthe hypothesisthat the ground-levelseasonalvariationsat Rich-

land are due primarilyto Variationsin the rate of verticalmixing.

Ground level210pb concentrations,of course,are also affectedby the

rate of emanationof radon from the soil and the fractionof the time the air

has spent over land surfacesduring its recenthistory. The rate of radon ema-

nation from ocean surfacesis about I% of that from land surfaces (Wildening

Q 1975). However,the rate of emanationof radon from the soil aroundRichland
should be greatestin the summerwhen the soil is driest,since soil moisture

inhibitsthe escapeof radon from the soil. The prevalenceof marine air at

Richland is also lower in the summer than in the winter,which should also

tend to increasethe summer 210pb concentrations.Therefore,the low sum-

n_r 210pb concentrationsat Richland indicatethat the increasedvertical

mixing in the summerovershadowsthese other effects in controlling210pb

concentrations.

The rate of emanationof radon from the soil around Barrowmight also be

expectedto increasein the spring and summerwhen the permafrostmelts. How-

ever, snow cover offers littleobstructionto the releaseof radon during the

winter (Hosler1968). Also, the soil tends to remainwet in the springand

summer,which would inhibitradon emanation. However, it is possiblethat the

low 210pb concentrationsin the summerare partly due to a decreasein the

transportof Asian air that has high radon concentrationsnorthwardto Barrow

in the summer.

e
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NUCLEARREACTOR PRODUCEDRADIONUCLIDES(46Sc, 55Fe, 60Co, 65Zn and 134Cs)

AverageYearly Concentrations

The concentrationratiosof the variousnuclearweapons-producedradionu-

clfdes have been about the same at Richland as they have at Barrow. However,

there have been five radionuclideswhose concentrationsat Richlandhave been

considerablyhigher than would be predictedfrom their concentrationsat Bar-

row, especiallyprior to 1971. Duringthe period from 1965 through1970, the

concentrationsof 55Fe, 60Co, 65Zn and 134Cs at Richlandaveragedhigherby

factorsof 1.5, 8.7, 26.1 and 5.3, respectively,than would be predictedif

they had been producedentirelyby nuclearweapons. The concentrationsof

46Sc at Richlandwere also higherthan would be predictedfrom the Barrow

concentrations,but the Barrowconcentrationswere below detectionlimits,so

it was impossibleto tell how much the 46Sc concentrationswere enrichedat

Richland.

The elevatedconcentrationsof these radionuclidesat Richland resulted

from the operationof eight plutonium-producingnuclearreactorson the Hanford

Reservation20 to 30 miles north of the Richlandair samplingsite. These

reactorsused ColumbiaRiver water as a primarycoolanton a once-through

basis. During its passagethroughthe reactors,the water becameradioactive

becauseof the neutronactivationof impuritiesin the water, the leachingof

corrosionproducts,and occasionalfuel elementfailures. The water was held

for a few hours in ponds to allow some of the short-livedradionuclidesto

decay, and then dumped back into the ColumbiaRiver. Studieshave shown that

radionuclidesin the water became depositedin ColumbiaRiver sediments,where

they could later be resuspendedinto the atmosphereduring periddswhen the

river level was low (Perkinset al. 1966, Nelson and Haushild 1970, Robertson

and Fix 1977). The Richlandsamplingsite is downriverfrom the reactorsand

about half a mile from the river.

lt shouldbe noted that even thoughthe reactoroperationsresultedin

increasedatmosphericconcentrationsof 46Sc, 55Fe, 60Co, 65Zn, and 134Cs at

Richland,the concentrationsof these radionuclideswere still considerably
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lower than those of other radionuclides,so they representedonly a tiny frac-

tion of the total atmosphericradionuclideconcentrations. Modern electric

power-generatingnuclearreactorsuse both a primaryand a secondarycoolant.

The primarycoolantis not dischargedinto the environment,so these reactors

should not releasethe above radionuclidesin significantquantities.

The Hanfordplutonium-producingreactorsbegan to be shut down in the late

1960's,and since 1971 the only reactorwhich has been in operationhas been

N-reactor,which producesboth electricityand plutonium. Therefore,the

atmosphericconcentrationsof 46Sc, 55Fe, 60Co, 65Zn and 134Cs at Richland

generallydecreasedin the late 1960'sand the 1970's,with the radionu-

clides having the shortesthalf-livesshowingthe fastestrate of decrease

(Figure18). The 46Sc (84 d) concentrationsfell below detectionlimits in

1971, the 65Zn (244d) concentrationsfell below detectionlimitsin 1976,

and the !34Cs (2.1yr) concentrationsfell below detectionlimits in 1978.

The half-timesfor the decreasesof 65Zn and 134Cs were about equal to

their half-livesfor the periods1967through1975 and 1970 through 1976,

O respectively. The concentrationsof 55Fe (2.7 yr) and 60Co (5.2yr),
however,have remainedmeasurableto the present time. Comparisonof the

60Co concentrationsat Richlandand Barrow indicatesthat the 60Co releasedby

the nuclearreactorsis still the primarysourceof the 60Co measuredat

Richland. Since there have been no measurementsof 55Fe at Barrow in recent

years, it is not possibleto tell from a comparisonof 55Fe concentrations

at Richlandand Barrowwhetherthe 55Fe measured at Richland in the past few

years has been due primarilyto nuclearweaponsor to nuclearreactors.

SeasonalVariations

The seasonalvariationsof 46Sc, 55Fe, 60Co, 65Zn and 134Cs at Richland

have been considerablydifferentfrom those of the nuclearweaponsradionu-

clides, again indicatingthat their primarysourcehas not been nuclearweapons

(Figure19). However,the seasonalvariationsof each of these radionuclides

have also been differentfrom those of the others,indicatingthat they have

become fractionatedin the environment,and possiblythat differentprocesses

are responsiblefor introducingthem intothe atmosphere. In the past, 65Zn

@
43



5Fe

Z'i01

65Zn

.

I0"i

z I0

10-2 iI
I
I
I
I
|
I

10.3 _5Sc x 10"1 I

134Cs Ix 10"1 I
I
I
I
I
I

62 64 _6 68 70 72 74 76 78

YEAR

FIGURE 18. Average Yearly Concentrations at Richland, Washington, of
Radionuclides Released by Hanford Nuclear Reactors
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concentrationshave been found to be high in gnats,and the gnats collecton

the air filters,so the measured65Zn concentrationsincreasedin the summer

when the gnats hatched. The seasonalvariationsof 46Sc were nearly identi-

cal to those of 210pb,suggestingthat the 46Sc concentrationswere con-

trolled by the rate at which verticalmixing decreasesground-levelconcentra-

tions. The seasonalvariationsof 55Fe and 60Co show some similarities,

but the cause of the variationhas not been determined. The seasonalvaria-

tions of 55Fe from 1977 through1979 have been very similarto those from

1965 through1969, indicatingthat 55Fe releasedby the nuclearreactorsis

stillmaking a major contributionto the measured concentrations.
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SUMMARYAND CONCLUSIONS

The atmosphericconcentrationsof a wide spectrumof radionuclideshave

bee_ _easuredat Richland,Washington,since 1961; at Barrow,Alaska,since

1964; and at other stationsfor shorterperiodsof time. Followingthe U.S.-

U.S.S.R. test seriesof 1961-62the concentrationsof the longer-livednuclear

weapons radionuclidesreacheda maximumat Richlandin the spring of 1963, and

then decreaseduntil 1967 when the Chineseconductedtheir first high-yield

atmosphericnucleartest. The concentrationsthen increasedsomewhatuntil

1971, but have decreasedsince then as the frequencyof high-yieldChinese

tests has decreased. In 1979 the concentrationsof 137Cs (30 yr) averaged

only 1.3%of the average1963 concentrations. However,in Octoberof 1979 the

Chinese conducteda 0.2 to i megatonatmosphericnucleartest, so the ground-

level concentrationsof nuclearweaponsradionuclideswill increaseagain in

the springof 1981.

The measurementof atmosphericradionuclidesduring the past severalyears

has producedconsiderablevaluable informationon the rates of atmosphericmix-

O ing and depositonprocesses. Other submicron-sizedparticulatematerials,such

as those emittedby volcanosor other pollutantsources,shouldhave the same

mixing and depositionrates as radioactiveparticles,so the measurementsof

radionuclidescan be used to predictthe behaviorof those other particulates

in the atmosphere.

Radionuclidemeasurementshave shownthat the ground-levelconcentrations

of radionuclidesor other particulatepollutantsproducedby releasesat dif-

ferent locationsin the stratospherewill eventuallybegin to decreasewith

approximatelyan 11-monthhalf-time,with only the time delay before the begin-

ning of this decreasedependingupon the release location. The decay-corrected

concentrationsof radionuclidesreleasedinto the middle-and high-latitude

lower stratosphereby the Chineseand the Russians,respectively,reacheda

maximum at Richlandthe followingspring,and then decreasedwith an 11-month

half-time,indicatingthat the half-residencetime in the lower stratosphere

is 11 months. However,the concentrationsof 238pu releasedat an altitude

0
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Q
of about 50 km by the burn-upof the SNAP-gAnucleargeneratorin April of 1964

at 11:S did not reach a maximumat Richlanduntil the spring of 1969, five

years later, indicatingthat this time intervalwas requiredfor particulates

to be transportedfrom the upper equatorialstratosphereto the lowerstrato-

sphere at mid-latitudesin the northernhemisphere. After the springof 1969,

tne SNAP-gA238pu concentrationsat Richlanddecreasedwith a 12-monthhalf-

time. The fact that the concentrationsof 238pu (whichwas releasedin the

southernhemisphere)decreasedat about the same rate as the concentrationsof

radionuclidesreleasedin the northernhemisphereindicatesthat the transport

of radionuclidesbetweenthe hemispheresin the stratosphereis not rapid

enough to affect the rate of decreasein the ground-levelconcentrations,very

much.

_ne ground-levelconcentratiuonsof nuclearweapons and cosmogenicradio-

nuclideshave increasedto a maximumeach spring. The springmaximum in the

concentrationsof nuclearweaponsradionuclidesis primarilydue to a maximum

in the rate of transferof radionuclidesfrom the stratosphereinto the tropo-

sphere throughthe tropopausegap. However,increasedverticalmixing in the

tropospherein the spring is probablyalso partiallyresponsiblefor the maxi-

mum. Verticalprofilesof the cosmogenicradionuclides,7Be and 22Na, indi-

cate that the springmaximums in their concentrationsmay be due primarilyto

increasedtransportdown from the upper troposphererather than the strato-

sphere. This increasedverticalmixing in the spring is probablythe primary

cause of the springminimum in the concentrationsof the radon daughter,

210pb"

The seasonalvariationshave been differentat differentsamplingloca-

tions. The radionuclideconcentrationsat Barrow,Alaska,reacheda maximum

in April and then began to decrease,even thoughconcentrationswere still

increasingat Richland. Therefore,duringthe summerthe concentrationsat

Barrow were much lower than those at Richland,probablybecausethe rate of

meri_ionaltransportof radionuclidesfrom the mid-latitudesource regionto

high latitudesis lowestduringthe summer. During the winter,when meridio_al

mixing is greatest,the radionuclideconcentrationshave been only slightly

lower at Barrow than at Richland.
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The concentrationsof nuclearweaponsradionuclidesat Richland (46°N)

have averaged2.7 times higher than those at Makah-Quillayute,even thoughthe

two stationsare at about the same latitude,becauseof the verticalmixing

causedby the CascadeMountainsbetweenMakah-Quillayuteand Richland. The

concentrationdifferencewas greatestin the spring and summerwhen the sta-

bilityof the air over the continentis lowest. In the summermonths, the

7Be concentrationsat Makah-Quillayiteshowed a secondaryminimum that pre-

sumablyresultedfrom decreasedverticalmixing over the PacificOcean caused

by increasedstability.

The concentrationsof 46$c, 55_ 60Co 65Zn and 134Cs have been consid-

erablyhigher at Richlandthan would be predictedfrom the ratios of these
,o

radionuclidesto the other nuclearweaponsradionuclidesat Barrow,especially

prior to 1971. Their elevatedconcentrationsat Richlandhave resultedfrom

the operationof eight plutonium-producingnuclearreactorson the HanfordRes-

ervation20 to 30 miles north of the Richlandair-samplingsite. These radio-

nuclideswere pickedup by coolingwater during its passagethroughthe reac-

tors and were then depositedin ColumbiaRiver sediments,where they could

later be resuspendedinto the atmosphere. The plutonium-producingreactors

began to be shut down in the late ig60's,and since 1971 only one reactorhas

been in operation,so the concentrationsof these radionculideshas decreased.

At the present time,measurablequantitiesof only 60Co and possibly5BFe

from the reactorsare observedat the Richlandsamplingsite. lt has not been

possibleas yet to detect radionuclidesat Richlandor Barrow that have been

releasedfrom nuclearreactorsoperatingat other locationsaroundthe world.
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MARCH 16, 1967 - FLIGHT i

SAMPLENO. 2 3 4 5 6 7 8
ALTITUDE(Km) 18.':) 19.1 18.3 15.2 12.2 g.l 6.1
LATITUDE(ON) 39-47 46 46 46 46 46 46
LONGITUDE(ow) I09-I18 117 I17 117 117 i17 I17

DPM/103SCM

7Be 32,0(30 27,000 24,000 19,000 3900 810 210

2_a 17 18 14 I0 0.35 0.28 0.0S

24Na 93±19 57±25 20.8±I.i 3.43±0.35

_'v1n 250 290 230 170

60Co 16 17 17 9.2 0.21 0.35

95ZrNb 67 57 140 490 II0 53 !2

103Ru 710 :_::_ 6

106Ru 3500 3200 2_00 1600 71 :;_ 16

125Sb II00 1500 1700 570 15

I

137Cs 3500 4200 3500 _0 5? _ 95 23

140Ba i ,_'_7 8.5

144Ce 1900 12000 1700 1200 '

O
ATMOSPHERIC .RADIONUCLIDE DISINTEGRATION RATES



MAY 8, 1967 - FLIGHT 2

SAMPLENO. I 2 3 R L
ALTITUDE(Km) 18.9 18.9 19.1 10.7 6.1
LATITUDE(ON) 41-44 44-47 46 36-46 46
LONGITUDE(eW) 112-116 117 117 I08-118 118

DPM/IO3 SCM

7Be 42,000 39,000 49,000 2300 670

22Na 15 16 15 0.49 0.18

24Na 78. ii I13± 7 13.81+-.0.42

_Mn 180 II0 120 7.1

O: 60Co I0 7.1 8.8 0.46 0.20

95ZrNb 290 17 26 39 12

106Ru 3200 2900 3I00 81 23

125Sb 490 240 220 39 6.4

137Cs 2700 1800 1900 Ii0 42

140Ba 0.22

144Ce 1400 n20 7_0 60 53

O ATMOSPHERIC RADIONUCLIDE DISINTEGRATIC:T F_%TZS





AUGUST 1967 - FLIGHTS 4 AND 5

DAE 8-14-67 8-2167 8-21-67
FL]GHTNO. 4 5 5
SAMPLENO. R 1 4
ALTITUDE(Km) i0.7 18.6 3.0
LATITUDE(ON) 37-46 38-46 46
LONGIIIJDE(ow) 108-118 I09-i17 I17

DPMIIO_ SCM

IBe 2400 46,000 49 '

22Na 0.24 30 0.33

24Na 22.14± 0.28 63.6± 3.2 0.39± 0.11

54Mn 1.8 4600

O 60Co 0.18 140 0.11

95ZrNb 570 2,400,OOO 23

103Ru 88 990,000 29

I06Ru 32 200,000 11 "

125Sb 13 -13,000 4.9

137Cs 39 18,O00 26
I

140Ba 39 280,000 ' 3.3

144Ce 53 140,000
o

O ATMOSPHERIC RADIONUCLIDE DISINTEGRATION P._.TES
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JANUARY 30, 1968 -FLIGHT 13

SAMPLENO. Lo Ra R13 LD
ALTITUDE(Km) I2.5 9.1 7.6 6.1
LATITUDE(ON) 46 46 45 46
LONGITUDE(ow) 117 i17 117 117

. OPMIIO3SC;,1

7Be 12,000 4900

2_a 35 2.9 1.6

2_a 17.3z 1.8 10.2= 1.1 3.00± 0.32

38CI 184± 35 350z 88 78- 48 13± i3

3QCI 2B± 21 17± II

54Mn 57

60Co 53 4.2 1.1

65Zn 850 22
=

: " 95Z_b 170,000 18,000 5700

163Rj 15,000 4200 1200

I06Ru 39,000 1600 350

I]7Cs 9700 600 ' 200

1409a 150 3900 . 1500

!44Ce 81,000 5300 ' 1400

20Krl 3.0: 1.2 1.4: 1.0 I._5_ 0.49

214Bi 2_.00± Z70 , 31,000± 2,200i 56,000± Z,000 14,Oer.± 170

AT:,'..'?7-PHERIC,RADIONUCLIDE DIS iNTEGTATION P-qT!S





i,

FEBRUARY 23, 1968 - FLIGHT 15

SAMPLENO. 5 L R
ALTITUDE{Km) 11.3 10.1 10.1
LATITUDE{ON) 46-35 46-41 41-35
LONGITUDE(°W) 118-108 117-112 112-108

OPMII03SCM .

/Be 9200 I000 780

22Na 2.5 0.57 0.20

24Na 8.1± 2.1 5.7± 1.1 7.4± 1.1

54Mn 95 15 3.9

60Co 5.3 1.2 0.24

Q,_ 95ZFNb 17,000 3200 640

103Ru 2400 530 88

106Ru 5400 600 100

125Sb 350 67 . 18

137Cs 740 160

140Ba 5_ I.:0 18

!ZMCe 7400 1400 270

208T: 5T+-15 32± 14

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION ?_ATES



_rlTUOE_°N) I ].5 ]5 35 ]5 ]5 ]$._b 46 _5-,;1 i41-46
I.ONGITUOE(°Wll 101 107 107 107 107 I08-117 LD' ]GS-LIZ i 112-117

0PMll0] SCM

',. _0 ,30 [0_ ;,I00 t ._1,000 16.000 1800 1,800
z_. o.sl 1.4 izo 14 _] _o._ 14._

2_.a 1.13--.0.42 4.b:: 1.1 15.2-.zll z4o= z, _,. La 6z.9± z.si4.N= o.,,_t 19.g= 1.1 .

38ci izoo± 5]0 4L:'O:_57 i]8= 71 180=25

3gCl 1 740: 180 740= ;I 117: Z$

_'_n 6.7 17 II0 640 490 4qO 18 140

_Co 0.4_ 0.95 ).9 Z6 29 22 1.4 8.S

_Zn S 27 iDO 7_0 780 eCO _5
i

g_rNl) 460 160 II00 7800 39,(_0 3g,OCO 31,000 Z400 14000
I

I06_u I_0 60 420 I]000 Ig.000 19,000 II000 SlO _0

IZ_Sb 2] ?4 Zg0 1900 Z.c_O 1400
41'

l]Tcs ._9 14 _.I _ MOO "_ IWO 190 9_0

I:4Ca _40 31 _oQ 5700 33,OOO _'/..OOO 24,_.'0(] I_OQ lO,000

20S71_ _.75: o l.Z : 1.5 %20: 0.89?_._6:: 0.87

1

2"43i _1..eCO: : 43,._0=
_,.._0 i

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION PATES



APRIL 17, 1958 - FLIGHT 17

SAMPLENO. 5 L R
ALTITUDE(Km) 15.2 I0.i I0.I
LATITUDE(°N) 46-35 46-41 41-37
LONGITUDE(°W) 119-I07 119-112 112-108

DPMII03SCM

7Be 25,000 7100 19,000

22Na 19 3.9 7.1

24Na 35.3± 3.5 13.8± 1.8 27.2± 2.5

54NIn 710 88 130

60Co 23 5.3 9.2

65Zn 530 81

..... 95ZrNb 93,000 10,000 16,000

103Ru 1900 460 710

105Ru 16.000 3500 6400

1,,15Sb 1300 460 460

137Cs 2_'00 810 1200

i'$4Ce 2,3,OGO 8500 0200

%"T"_' I" ,'x'rATMOSPHERZC _ADZO:CUCLZDE DZSI-_...GP.%T.OL, RATES





,,MP NO, Ra
ALTITUDE{Km) I 7.6 6.1 14.9 101 10.1 11.3 [2.5
LATITUDE(ON) 48 48 46-38 47-36 47-36 47-42 41-36
LONGITUDEt°W) 117 117 117-108 118-108 118-108 117-113 111-107

DP,'_/10J SCM

7Be S_0 (:RO Z6.000 2400 2500 4900 26,000

_'1,,la 0._ 0.24 12 I.i 0.88 3.9 19

24Na IO.4Z± 0.35 Z._7"*,0.057

38CI 35± 14 12.7± 3.9

39CI 77.7± 3.9 16.6± I.i

., 54Mn Zl 25 $5 420

_Co 0.35 0._ 14 1.5 1.7 3.5 24

65Zn 4.6 Z3 35

95ZrNl_ 340 350 19,000 1900 190(] 4g00 27,0(30

10bRu l_ I_ ii,0(]0 920 q20 ZSO0 15.000

125Sb 9_ 120 7H !2_

137Cs 5.7 25 2000 I_ i_ 4_ Z_O
!

I_Ce Z_ 17,000 II_rX2 15_ .:'6¢.XIi26.000
I

_o_! lO4=o17 I

A-MOSPH_-_IC .RADIONUCLIDE DISINTEGRATION RATES
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JULY 23, 1968 - FLIGHT 24

SAMPLENO. I R= La Li3 ! RB i LI' I RI'
ALTITUDE(Km) 6.1 6.1 9.I i9.1 i12.2 J 12.2

LATITUDE(ON) 36-Y-W 40-47 35 i35-48 135 j35.47LONGITUDE(°W) 107-i11 111-117 107 I07-i18 I07 J 107-1.18

OPMIIO3SC,_,I

7Be 39() 670 570 670 fIG0 2200

2_,a 0.05 0.14 0.23 0.07 0.46

2_a 2.96±0.183.71±0.35 10.49z0.60 7.66±0.18 22.3_-1.9 13.00'_0.49

38(:I 32± 21 19.4± 7.8 42= I0 260= 220 34± 15

39CI 15.2• 3.2 9_.4:4.5 49: 29

54,',In 3.9 2.4 23

60Co 0.09 0.30 0.81 0.49 0.4 0.49

O 65Zn 15 3q,.,

95ZrNb 39 Ii0 95 99 85 390

106Ru 39 120 II0 60 '85 390

125Sb 19 2S 13 46

"137Cs 29 31 9q 64 _6 q5
I

144Ce 71 IS0 160 130 IM 3gO

208'I'I 3S.8_-2.4, 25.8± 1.5 8.7: 4.9 29.3± 3.7 8.4± 1.5

2143i 176,600± 373.000_.e 41S._C}0= 28.430=
2_0 14,000 _._0 930

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION 9.ATES

0



JULY 24, 1958 - FLIGHT 25

SAMPLENO. (:z _ A y
ALTITUDE(Km) 1.5 4.6 7.5 10.7
LATITUDE(ON) 48 48 48 48
LONGITUDE{ow) 117 117 117 117

DPMII03SCM

7Be 600 550 1200 2200

2_la 0.07 0.07 0.32 0.49

24Na 0.265± 0.021 1.861± 0.064 6.95± 1.4 22.53± 0.64

38CI 2.4± 2.4 8.1± 4.2 38.5± 6.4

39CI 4.5± 2.0 57.5± 3.4

54Mn 0._ 9.2 9.5 17

-. Q._ 60Co 0.10 ,5.22 0.28 0.95

65Zn 0.3 P,.5 i8 _.1

95ZrNb ._"0 160 I_.O 570

" P,1 0.9 i_'_ ?.1.0 COO

!25Sb 3.n .I3 12 92

137Cs 21 30 _6 123

I_C,, ...., 2.I_.. _._ 2°0 ,_20

20g1"I l&_: 4

AT._,:OSPHERZC P,AD'C[:Z'CLIDE DISINTEGRATION PATES



JULY 25, 1968 - FLIGHT 26

SAMPLENO. R L L R R
ALTITUDE(Km) 8.8 8.8 10.1 10.1 11.3
LATITUDE(ON) 48-42 42-)6 48-43 43-35 46-37
LONGITUDE{°W) 118-113 113-I07 I17-114 113-i07 I17-I0_;

, OPMllO3 SCALA

7Be i000 6/0 2800 570 2200

2_,a 0.18 1.1 0.13

24Na 8.51= 0.49 11.83± 0.,_3 18.2= 1.4 9.50± 0.67

_,_n 6.0 19 4.6 13

(:W)Co 0.35 0.27 1.4 0.14 0.88

6_Zn ).9 2.3

, 95Z_'b i/0 67 780 78 390

109Ru 190 74 o,_ 99 460

l_sb 32 II 88

137Cs 42 22 190 '22 }.2.U

l_ce 290 II0 146_) ,99 810
' )
i

2C8'i'1_ 2._8= 0.87 24.8± 1.6 4.8: 1.4 9.5= !.2

AT:'_c_'_='IC......... P/,DIO.'.;UCLIDZDISI:;TEGP2..U!ON .U,-'-'"--"





AUGUST 27, 1968 - FLIGHT 28

SAM PTF..NO. LR LR R L LR
ALTITUDE(Km) 1.5 3.0 6.1 9.1 12.2
LATITUDE(ON) 48 48 48 48 48
LONGITUOElow) 118 118 118 118 118

0PMII03SCM

/Be 74 3_ ISC0 17C0 14,000

22Na 0.06 0.06 0.49 0,88

24Na 0.120± 0.024 0.308±0.026 2.34± 0.24 12.68-'-0.46 39.g0± 0.74

38CI 480-'.140

_Mn 0.1 1.8 12 67

_Co 0.14 ,0.16 0.71 1.4 4.9

657.n 71

O 95ZrNb 13 67 310 300 3900
I03Ru 020

106R_j 7.8 ,_9 460 330 3200

125Sb 2.4 2q ,;6 @_

137Cs 4.6 22 :110 78 710

140Ba 0.06 0.02 0.92 }9 J_

I_Ce 2Q I._0 e,_O 5_0 tgO0

20871 1I¢9.1=:8.3 3.67_.0.12 8.76 !5.1)--15 _22-"0.53

AL'MOSF u'-'-.....IC FAT 70N"'._."rDE OIS INTEGFZ- i',a""'_,P_:,rE::

@



I

! AUGUST 28, 1968 - FLIGHT 29

SAMPLENO. R L R L I R

ALTITUDE(Km) 8.8 10.4 10.4 11.3 ! 11.3LATITUDE(ON) 41-35 48-41 41-35 48-42 42-40
LONGITUDE(OW) 113-107118-112 112-107118-113 1113-111

0PM/103SCM

7Be 880 1300 1400 9500 350

22Na 0.ii

24Na 6,50± 0.64 0.63± 0.34

_n 5.7 3.5

60Co 0.22 0.18

65Zn 4.9 4.2

95Zr'Nb 170 390 310 2200 130

' : 103Ru 57 130 85

106Ru 53 140 130 2300 IlO

I?"SSb 290

137C_ 16 39 35 530 _0

140Ba 49 Ii0 88 260 16

l_ce 71 230 210 190

- .

208TI 8.9± 1,5

O AT:4OSPHER!C RADIONUCLIDE DISINTEGRATION RATES



S P,  BER23196-FL,G.T30

AITIT_DE_Km,I6.1 61 _ i_I 12.2I:2.2LAT,TUO_N,136_ _o-_835 135_ 3_ 3_7LO.O,_oE_ow,=-m m-.8 1o7 io7-I.= =-11_
Op/_,_lI03$CJ_A

7Be 1300 1W 7400 1300 1.0,0O0 6000

2,?"Na 0.22 0.08 0.11 3.I 1.2

2_ja 5.17± 0.20 2.73± 0.1816.88"-0.64 7.31± 0.35 32.7± 3.0 25.43± 0.28

35CI 25= 11

]gCl 24.0±53 7!.7_-S.5

5,'_An 0.9 42 3.4 Z4

6OCo 0.28 0.02 2.8 0.67 2.3 0.95

65Zn 35 2.4 33
qSZrNb 130 24 II00 170 2600 fiG0

I03Ru 640 190
I

106Ru 1160 23 1600 190 1400 IlCO

-125S'o ]321 }.9 350 15 L40
i

137Cs 135 9.6 ]90 39 ]_ 2_

1401_a i4.9 4.2 30 0.5 490 67
!

V_Ce 2_00 5._}0 18(}0

20STf 3.77± 0.38 2.01±0.277.12• 0.87 1.31± 0.23 _J.9= .!0 3.63= 0.64

214Bi Ii, 590± 170

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION RATES

0



SEPTEMBER 24, 1968 - FLIGHT 31

SAMPLENO. LR LR L R LR
ALTITUDE{Km) 1.5 4.5 7.6 9.i 13.0
LATITUDE(ON) 48 48 49 49 49
LONGITUDE(°W) 118 118 118 118 118

DPM/IO3 SCM

7Be 170 460 350 6000

22Na 0.011 0.05 0.04

24Na 0.149± 0.026 1.69¢ 0.12 7.06± 0.425.98- 0.57 34.43-'-'0.49

38CI 89.3± 6.4

39CI 37± 17 69± 18 161_ 23

54Mn 0.18 2.6 24

60Co 0.060 0.16 2.0

65Zn 0.3 4.9 30

99Z,-f,Jb 17 110 ii0 3_. 1800

103Ru 6.0 42 16 570

i06Ru 14 24 19 12 990

I_5_o 3._ !i 35

137C_ 4.2 8.8 7.1 4.9 280

140Ba 0.071 93 o,,,_o 330

144Ce 1700

2081"I 440± 35 0.64_ 0.i0

214Bi 23,270-'- i0,2OO-
4'?.,") 170

ATMOSPHERIC RADIONUCLIDE D!SI_I._GR_:_IOL, P._. S











JANUARY 22, 1969 - FLIGHT 36

SAMPLENO. I0 II R L
ALTITUDE(Km) 15.2 15.2 113 11.3
LATITUDE(ON) 46-41 41-37 46-41 41-35
LONGITUDE(°W) 117-112 112-108 118-112 112-107

DPMII03SCM -

7Be 2000

22Na 9.00± 0.85 9.5± 1.0 5.50± 0.46 8.74± 0.58

54rv1n 57± 6 103± 7 29= 3 74= 4

60Co 9.91= 0.74 9.99± 0,78 7.65± 0.4010.63± 0.47

95ZrNb 9900 53,000 25,000 49,000

103Ru 57,000 2600 ,_O,000

!06Ru 5223± 47 7747"--60 4581"--28 7505-"- 36

125Sb 593" 7 682± 8 474= 4 785= 5

137Cs 1470± 3 1589± 4 !093± 2 164.0± 2

140Ba 1700 53,000 29,000 60,000

V4Ce I0,790"--820 14,900± i000 9510± 470 15,670± 600

O A.MOSPHaRIC KADIONJCLiDE DISIN.-GR_-_ON .RATES



,-*[3RUARY Z6. 1,_64 " :LIGNI' }7

ALTtTUO(tXm; 18.3 '.&9 IIS.Z 17..Z i_.4 6.1 3.0

LMIIIJIX ioql )3.R 42-41 :41 47 I _I 41 4T
LONGITUOE(oW) i_;-I13 I13-II$ ' L_$ /18 ! lla _18 Ii$

, OP_IO]$C,',l

7B, f r _o :qo ::0

_'_ ;3.9:= 3.0 13.3= Z_ I _6.4"-.7.3 [&]'- LI 4.05: 0,_ 0.13 0.20

Z_,l i_6._: _,0 I11 = L9 _._.9= L3 t.66: 0._9 0.=_: 02.5

l
: Z_O= LlO

39¢_ _ I

_,_n g13z Z$ 50gz Z_ ' _t_.= Le 3SOz_ _5= 4 6.4 _.3

_OCo 13.5= 1.4 L3.0: 1.5 L3 _.31_" l.O 5.11: 'J..=6'0.1Z
* I

65Zn ' ],_

clS_r_a SS),eCO 480,_ _. 000 _20,000 _:_l _0 :4

i ' ; =
[_ 13]44: Z7 ' L'Z_5= Z4 ' Z4_O= 21 ].]97","14 ;96= _ : [4

L]7_s :4138= II 3_/7_.LO , }geQ= _) Z74t: 6 715: Z _ Li

_3._. i ;_o.:¢o .'z.coo :coo _:_ ;,_

lM* I,. 103,;00: 3400' _),400: _0 ,'0, :00: ;_00 48.:,OO: L_O _]_0: _0

ATMOSPHERIC RADIONUCLIDE DISINTEG2ATION RATES



FEBRUARY 27, 1969 - FLIGHT 38

SAMPLENO. 3 4 R L
ALTITUDE(Km) 15.2 15.2 11.3 11.3
LATITUDE(ON) 46-42 42-36 47-41 42-36
LONGITUDE(°W) I17-I13 i13-I08 i18-I12 i13-108

...... OPMIIO3SCM

7Be 180

22Na 6.0± 1.2 17.6± 1.8 3.00± 0.32 0.76_ 0.12

54Mn• 180± I0 421± 15 34*-.2

60Co 6.27± 0.65 15.51± 0.86 2.66± 0.24

95ZrNb 210,000 490,000 16,000 130

103Ru 130,000 300,000 9500 .q2

106Ru 15,359±82 s'J,330±120 2340* 19 28.4-'-2.6

125Sb 1060± 1! 2379± 16 275'= 3 5.9± 1.4

137Cs !8_± 5 48.'/7± 7 508= I 19.7± O.zt

140Ba 42,OnO 110,000 3100 2,4

144Ce 38,700." 15,00 98,000± 2100 ,_60± 310

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION RATES



0

0



JULY 8, 1969 - FLIGHT 40

SAMPLENO. 2 3 4 5 6 7
ALTITUGE(Km) 3.0 6.1 9.1 12.2 L5.2 18.3
LATI_E PN) l&_ 18.5 1&J IU 18.5 18.5
LONGITUDE(oy/) 67 67 67 67 67 67

............ DPM/103SCM .......

78e _0 ± 5 _0 ± 5 475± 6 450= 9 2996± 68 7694= 5q

ZZNa 0.0_ ± 0.027 0.070± 0.a31 0._9 ± 0.049 0._,± 0._ 5.C5_-0.81

24Na Q,27_0.18 (182±Q.26 5._ : (166 6.8+ 1.1 I2.5± 1,6

6G_o 0.44± 0.20 0.36± 0.10 ?_88: 0.46

9'JZrNb 234± 1 149± I 333± 1 1121± 2 962± 8 31.581± 11

I_Ru 31± 1 19± 1 _;$: I 210: I 170± 7 51_3± 7

106Ru 48.8± L1 Z3= 2 60: 3 Z00± 5 190± 6 55_4: 30

125Sb 18± 1 1.2._= 0.7 ,_(_: 7

137Cs 9.7± 0.3 3.4± 0.4 7.7"- (14 ,"/'.0-"0.7 27.4± (19 851_-3

1408a 0.0_ • 0._8 0.106± 0.077 (],L_= (111 0.43± O.Z8 '.5.6: L3

l_ca _--.17 _.±16 Z30:].ZO 480=].40 o_=ZO0 ]3,q00=500

ATMOSPHERIC RADIONUCLIDE DISI_NTZGRATION RATES
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JUNE 9, 1968 FLIGHT lA

SAMPLENO. 2 3 4 5 6 7
ALT1TUOE(Km) 15.2 15.2 15.2 15.2 15.2 15.2

' LATITUDE(°N) 65-60 _-55 55.-50 50-45 45-.40 40-35
" LONGITU0£(ow) 147-137 137-130 130-125 125-118 Ii8-Ii0 ll0-107

,- DPM/103SCM • '

7Be 28.O00 35.O00 28,000 42,000 32,000 21,OOO

22Na 13 29 12 ]3 16

24Na 93.0+6.071.3±6.448.7±6.0 48.0_4.663.6±32 293±29

54Mn 390 530 320 460 420

(RCo 27 31 20 ?J 28 20

""_ 65Zj.I...... 320 gS 0 49Q 420

99ZrNb 20,000 23,000 19,000 21,000 24000 17000

10SRu 18,000 19,000 16,000 18,000 20,000 14,000

125Sb 1900 1800 1900 2900 2400

137Cs 3300 3900 2900 3500 3900 2(W30

14"4Ce 25,000 32,000 24,000 26,000 31,OOO 21,000

208TI 84z ii 19.3- 9.4

O ATMOSPHERIC RADIONUCLIDE DISINTEGRATION ?.ATES
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OCTOBER 5, 1968 - FLIGHT 3A

SAMPLENO. I 2 3
ALTITUDE(Km) 18.3 18.3 18.3
LATITUDE{ON) 12.5-14 1419 19-23
LONGITUDE(°W) 82 82-8.5 85-88

-----DPMil03SCM ----

7Be 12,000 24,000

22Na 2.4 6.7 4.2

24Na 53± 53 44.1+-I.I 56± 15

54Mn 57 II0 390

60Co I0 23

95ZrNb !300 3900 5300

1OiRu !300 4_0 9500

1,15Sb 420 920 2_-_

13"tCs 420 1500 2o00

•14OBa 200 Ii0

.!_4C_" l._n0 8500 17,000

,b

ATMOSPHERIC R_.DIONUCLiDE DISINTEGRATION 9_ATZS





OCTOBER 9, 1968 - FLIGHT 5A

SAMPLENO. 3 4 5 6
ALTITUDE(Km) 18.3 18.3 18.3 18.3
LATITUDE(ON) 15-20 20-25 25-_ 30-35
LONGITUDE(°W) 83-86 86-g0 90"96 96-I06

OPMII03SCM

7Be 28,000 28,000 35,000

22Na 14 13 15

24Na 35.3± 9.5 35.7± 6.4 37.8± 7.4 55.1- 7.n,

54Mn 300 2_ 590

.... 60Co 17 14 19

95ZrNb 5_.00 4_0 6400

106Rtj 8500 9200 12,000

129Sb 0=_0 ii00 IS00

137Cs 2500 2900 3200

140Ba _:_n 230 710

144Ce I16,000 14,000 17,000

O ATMOSPHERIC _L%DIONUCLIDE DISINTEGRATION ._ATES



OCTOBER 9, 1968 - FLIGHT 6A

SAMPLENO. i 2 3 J4 5

ALTITUDE(Km) 18.3 18.3 18.3 I 18.3 18.3
LATITUDE(oN) 60-55 55-50 50-45 14540 40-36
LONGITUDE{ow) 137-130 130-125 125-I18 I118-II0 110107

0 PM/103SCM

7Be 28,000 25,000 39,000 30,000 29,000

22Na 6.7 12 23 11 14

24Na 88.6± 6.0 74.9± 5.3 57.6± g.2 76± 11 49.8'= &!

54Mn 300 150 230 420

60Co 19 14 22 18 18

t..... 65Zn 460

95Zr'Nb 3£00 3500 4200 4200 4600

106Ru ii, 000 II, 000 14,000 12,000 II, 000

!25Sb 20C0 15_0 i100 ii00

i77
Cs 2"C,n 2100 2°,00 220 2_(]0

ItO'2a 7.4

IA4
Ce 14,on,) 12,On.O 15,On.O 16,OO,O 14,mO

m' SP ....A_..IO HERIC ?.ADIONUCLIDE DISiNTEGRAT__r'jN_-_-TT.S

O



NOVEMBER 5, 1968 - FLIGHT 8A
l

SAMPLENO. 1 12 3 4 5

ALTITUI3E(Km} 18.3 I18.3 18.3 18.3 18.3
LATITUDE(ON) 60-55 55-50 50-45 45-40 40-35
LONGITUDE(ow) 140-133 133-125 125-I18 118-111 iii-I07

DPM/103SCM

7Be 26,000 27,000 39,000 35,000 35,000

2_a 15 15 14 19 14

2_a 80,2±5.3 68.24.4.6 64.34._7.8 68.24._9.9 66± 12

_"An 170 2_ 170 220 200

60Co 16 19 16 17 20

95ZrNb 27L"D 3200 3200 3000 _0.0

106Ru I0,000 11,000 II,0gO 0900 13,000

125_D 1300 1900 ii00

137Cs 2._00 2_0 2600 2600 :ef)O

140Ba 13 22

144Ce 12,000 13,000 13,000 14,000 15,000

ATMOSPHERIC .RADIONUCLIDE DISINTEGRATION P.ATES





FEBRUARY 21 AND 22, 1..969 - FLIGHTS 10A AND 11A

OAl_(FEB) 21 22 22 22 22 22
FUGHTNO. 10A IIA IIA. 11A IIA IIA
SAMPLENO. 2 1 2 3 4 5
ALTITUDE(Km) ]5.2 ]5.2 ]5.2 ].9.2 ]5.2 ]5.2
LAIITUOE(ON) I0-19 i0-1.9 15-20 20-25 29-30 30-35
LONGITUDE(°W) 80-83 80-83 83-86 86-90 90-q6 96-107

DPMI103SCM

7Be 2200' 11,000 .

22Na 0.14 4.5± 1.1

24Na 19.1± 6.0 2E6 ± 9.9 20,1± 6.4 50± 1B

MMn ]3 16 IL5+ 4.9 24± 9 24')± II

60Co 0.1 Q,1 0,2 0.89± 0._ 1.02± 0.37 6.48± 0._

-_Zn 10 4.9 14 78 84± 26 -

95ZrNb 780 9.2 2200 6400 14,000

103Ru 190 490 3gO0 170,CO0

106Ru 92 2.3 I_ 223± 16 664± 27 12,114± 95

l_sb 22± 5 59± 6 866± ii

DTcs 32 9.9 _ 95 : 1 L37± 2 1541± 5

14OB± 42 0.19 128 990 3'),000

144Ce 220 710 1160± 580 27,800± 1600

,¢,ATMOSPHERIC RADIONUCLIDE DISINT.GRATION RATES

• "









APRIL I0, 1969 - FLIGHT 15A

SAMPLENO. 2 3 4 5 6
ALTITUDE(Km) 15.2 15.2 15.2 19.2 19.2
LATITUDE(ON) I0-]3 15-20 20-25 25-30 30-35
LONGITUDE(ow) 80-83 83-86 86-90 90-96 96-97

- DPMII_ SCN[

7Be 1600 3000 49O0

22Na 0.32 (3.71± 0.34 0.85 7.)± L5

24Na ]3.0± 3.2 25.8±3.9 26.6±6.4 16.6±6.0

54Mn 0.85 D ± 5 15± 5 400± 13

60Co 0.61± 0.28 0.43± 0.307.93± 0.78

65Z_ 5? 225± 31

9SZrNb 200 1800 YTO0 2700 199,300± 1400

103Ru 67 67G 2700 850

106Ru 27 216± 17 606± 17 343± 19 i9,480± 120

125
Hb 18± 6 23± 3 I5 ± 5 1432± 14

137Cs 7.4 33± 2 92± I 59± I 2291± 6

140Ba 3.4 42 130 57

l_ce 7.1 390 1.570± 450 710± 450 44,900± 2000

ATMOSPHERIC RADIONUCLIDE DIS£NTEGRATION RATES



APP,IL 11, 1.969 - FLIGHT 16A

ALTITUDE(Km) 18.3 1.8.3 18.3 18.3 18.3 .
LATITUDE(°N) 1.0-L'_ L_-Z0 _'_ _-30 30-35
LONGITUDE(°W) 80-83 83-86 86-q0 90-96 | 96-106

---- OPM/IO3 SCM -

?Be ],9,000

22Na 3.1± L6 4.1± L6 8.9± Z.7 9.0= ?..5 11.0± 2.4

24Na 29.7± 7.4 39.9± U 56± 14 40± 12

54Mn 1_ ± 15 51± 14 87± 25 383± 22 398± 21.

_Co 3.3± LO ?.,7_± 0.93 8.0± L$ 8,9± L4 12.4± 1.4

O:, ),,

65Zn 9Z 130 950

_ZrNb 35,000 4Z,0130 1.10,000 L58,500: 240,000

1.03Ru 14,000 15,000 49,000 85,000

lO(_u 3783±98 4320±1.00 11.3_± 1.90 1.8,9"/0±].90 24,380= 190

125Sb 281± 1.7 301± 17 738"- 24 1327± 24 1.70I± 24

DTcs 953± 6 648± 6 1471± 1.0 2448± 1.0 3.24.5-- 1.0

140Ba 990 880 2900 6700

1.44Ce 9200: 19(30 11.O(X]± I°,_0 33,400± 3800 43,400 ± 3300 60,200± 3300

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION RATES
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AUGUST 2, 1969 " FLIGHT 21A

SAMPLENO. I 2 3 4
ALTITUDE(Km) 15.2 15.2 15.2 15.2
LATITUDE(°N) I0-15 ]5-20 20-25 25-30
LONGITUDE(°W) 80-83 83-86 86-90 90-96

• DPMII03SCM

7Be 7860± 110 5520± 130 9990± II0 12,0(30± II0

22Na 0.8± 0.8 2.0± 1.4 2.2± LO 1.37± 0.77

54Mn 42± 8 68± 8 32± 8 69± 7

60Co 0.4±0.4 1.62±0.85 2.11±0.71 L52± 0.43

65Zn 83± I0

_ZrNb 7839± 17 8760± 23 9850± 18 12,826± 18

103Ru 847± 12 1263± 16 1135± 12 1454± 14

106Ru 1760± 34 1935± 93 2145± 53 3139± 93

125Sb 120± 9 ]57± 9 244± 8

]37Cs 264± 3 361± 9 335± 3 461± 3

140Ba 12.0± 5.6

o

144Ce 5200+ II00 3000± 680 6200± II00 6960± 410

ATMOSPHERIC RADIONUCLIDE DISINTEGRATION RATES
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RAOIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAMPLES C_LLECTED BY AIRCRAFT

DURING THE BARBADOS OCEANOGRAPHIC AND METEOROLOGICAL EXPERIMENT

MAY II.1969

ON OFF ALT. DPMIIO3 S.C.M.

SAMPLENO.TIME(z)LAToNLONGowTIME(z}ONI'ATLONGowKINft lBe 95Zr la3Ru 106Ru ]37Cs 140Ba

MM1 ]21_ ]Z°Z)' 58°Z)' 1231 ]2o_, 58o13, ! 177 56.3tL1 39.9 19.4_1i.0 &5 _2.5 1.33t .77
MM5 1145 13o05. 55o317 ]205 ].2o_' 58°25' 5 Z41 9LZ,I.Z 40.a 21.0,4.1 3.1 ,2.2 1.761 .65
MM IO 14_ 1Z°33' 58_3' 1438 ]2_5' 56°Z5' I0 167 26.6, .6 14.6 5.0=3.3 4.1 ,l.Z
MM2o,,49 °4o, 2o 5sl, 9 zss:s776,15 13,lz
MM 31 1305 ]3000, 59020, ]315 51000, 31 320-+100 6.8 _2.1

MM 50 1404 ]3°2B' 59°55' 1420 50 1190 372.2_.6.0 282 184 133 50 I11 '

DI01 1350 14o32' 54°04' I610 ]3°08' 53o5I' l ]5Z 62.9+..9 58.0 19./i4.2 6.Z tL7
0105 1612 ]3°0g'FJ°51' 1632]3°06' 53O51' 5 ]81 T7.6+.L4 64.Z ZS.916.3 ]2.3_3,i Z.l _L0
Ol lO _445 ]2°45' _5°45' ]3_ 130_8' _O51' I0 Z22 Z$.5+..Z 18.3 ll./ILl 2.6Zt .40
DI ZO 1644 ]3°OB' 53°51' 1704biolO' 55°15' ZO IZ3" 13.I't'..8 8.8 5.4_:3.3
D129 ]317 ]3°OB' 53°51' ]337]3°20'54°117Z9 187" 2.91+..20]2.5
0,31 us' 5 17'  °14' 31 31o o
01 40 /.509 ]3°0g' 53°51' ]3ZO /3_°36' 54_1' 40 29Z 47.4+.3.6 30 il0 53 i26 ILl l�.O
OI 50 1449 ]3°2G' _5°3Z' ]305 ]3°08' 53°51' 50 Z]30 667.5*.2.6 563 Z49 -.]3 5L4 t4.1 ]3.0 "=Z.5

OC01 1459 17036' 54°34' 151916°20' 54_°17' I 362 7LZ _..9 54,3 39.815.O IL0 II.8 l.Z0, .50
0C05 1437 17_6' 54034. 145717_36'54_°34' 5 104 8.9+. .9 5.9 tZ.8 1.]2:.89

•_ OClO 1414 17°36' 54°34' 143417_36'5414' 10 359 ]20.8+.16 77.0 514!8.9 10.9tZ.8 1.181 .97

OCZO ]350 16o15' 55°38' 141017_36' 54°34' 20 411 33.5±.q _2.313.4 19.9t4.9 2.1 ill 5.0 _3.5
OC 29 ]344 16o35' 54o_' 16041_' 55°_517Z9 30q 5.05+..78 6.O_4.2

OC31 1530 16°43' 54°2t' 155017013' 56_]2'31 Z)0 ]2.Z+.Z.1 3.6 II.8
OC40 1605 1T°36' 54°34' 161316°5T' 55_1_' 40 430_:IiO 123,814.4 69 65 tZl 17.3 19.6
0C50 ].545 L,=or_' _4°53' 16_ 17°36' _4_4' 50 6640 5687 eZ1 4110 I722 *.9Z 38_ !Z6 ]29 :ZO

RA01 _ 16051759°12' 1_451_00' 60°317 I 320 70.01 .9 54.9 Z7.2¢4.3 7.1 11.7 L05¢ .48
RA05 _ I6°_ 59°_* _ 16°5175_]2'5 I0B ZZ.Z_.1.0 _.8 8.5_4.
RA 1O 1642 I6050' 590]2, 170_17005, 61°Z5' 10 539 84.3t .9 55.6 26.7=4,7 8.0 ii.5 187 : .63
RAZO 1739 LSofi2' 57°_47'175916O51759°]2' ZO 3[9" 29.213.Z 34.6-L0 8.011.6 1.911.69 .95_. .44
RAZ9 1612 1To]3' 56055' 163216o50' 59°]2' 29 163" 5.]2!.Zt I4.4 .711.1 3.5I*- .59
RA31 1604 17000'57°51' 162416°56' 60°08' 31 8.6_.Z.Z 3.6 i1.$
RA 40 1659 16o51759°12' 170916°57' 60o11740 353 340,015.9 799 166 =35 45 *-11
RA 50 1638 16°34' 57031' 165616051759°12' 50 _631 461.1*.6.3 337 175 -.37 49 *.11

OUI8 0958 18008' 66°C8' IJ36 /3°40' 60000, 18 Z19 29.7 -.. 8 _6.l 8.2 *.L8 1.75 t .45
IN _ 1855 17005' 61°I0' ZOO018°30' 66°317 ].8 610 339..8*.2.8 Z57 t[2 ]2LZ tl.9 ZL8 *.1.3

OU29 ]259 170_5'64°40' 134/.13°_O',60°20' 29 198 6.7*..8 14.9 5.Z *.2.3 4.40i .73
INZ9 2707 170117 62o00' 1740 17_j8 64°45' 29 305 87.7t?.7 58 35.9-.6.3 5.8-.1.2
OU31 ]209 17°44' 64°42' ]305 ]3°00 59__,0'31 168 I4.Z! .9 10.6 l.ZG±.68

IN31 1624 16o56' 60°08' 17001703_5164°10' 31 324 ?0,41L9 44 Z2.015.0 5.5 *.LZ
OU50 ]31_ iT°44' _042, 1404 ]30J_ 59_055, 50 1905 3_.0 15.6 340 131 _5 _ _.3 t3.1
INSO 1714 17°0_' 60°46' 175717°59' 65053.50 ?40 399,11_9 567 88 _]3 Z9.8 _3.8

• Counte_on counterwl_icnhas beenfouncltoqiveconsistentlylow7BenumOers.
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RADIONUCl,10E DISINTEGRATION RATES IN AIR Fll,TER SAMPLES COLLECTEDBY AIRCRAFT

DURING THE BARBADOS OCEANOGRAPHIC AND METEOROI,OGICAL EXPERIMENT

JUNE21,1969

ON OFF AI.T. OPMll03S.C.M.

SAMPLE TIME LAY LONG TIME LA1' LONG IN 95Zr 103Ru,NO. (Z) ON °W (Z) ON ow Kft ?Be LC61_u ]37Cs 1408a

MM I ]333 1_23' 58023' ]3_ L-,_°3Y57o00. 1 U7" 42.4_ .8 20.1 22.8+.4.4 6.6_1.6
MM5 ]3L0 ]2°23' 58o_' ]330 ]2o230 58°2Y 5 17 9.7 e .8 6.7 5.8 +.2.G
MM lO - [410 ]2o23, 58o_0, 1430]2.°45' 56°36' 10 388 [43.3 +-L4 78.3 92 +-lO 18.9¢2.3 1,.3:]..1
MM20 ]240 ]3°37' 59050' ]300 ]2_c__?.3'58°23' 20 ]51 25.9+.L1 24.8_7.3 3.0¢2.3"

570[6, 27 13.2 .9 3.2 3.4 t1.9 _ 9-_ lMM27 ]32o ]2°_7'59°]3' ]330[f36' 99 +. .....

MM30 ]340 [4°21' 61005' L400]3o_, _5_: 30 58-21 £1.5+. .7 8.8 +.L3 2.7 t2.£14'1813°02' 40

MM_ I_8 ]2°23' 5_'9o55 68_51 250 lZ3.O+.S.O L16 58 *.20 lO.It?.4
S0 [408 ]3_°28'5 ' L_4 ]2_' 5 ' SO 5QB I769 +.]2 677 78, ¢75 205 -.19

MM 60 ]358 _°Z0' 59°46' _ ]2°40'5 ' 60 27590 216(30+-31 I_SI 9880 _.1602180tQ 58= i8

01L 1425 _5' _I0' I_5 13o_, 53o51, I 440 210.4+-LD ]20 92.4+-2.422.4:2.5
oi 5 [45o 13o08,_o52, zszo]3o_, _osz, 5 2_- [sz.7-La az.z _ tzz m.3,.2.a
01lO 1436 12_J4' 5_9' 14.56]3008, 53051, I0 _ 2_.0+-18 145.2 i_ +.11 29.0¢2.7
0120 _ _o_, _°51' _5 140_45' _°_IO'20 90 L6.1*.4 6.3 &6 +.2.4
0127 ]348 ]2o54, 54°56' 1408]3°46' 55_O31'27 1U 42.8+-12 28.5 11.4¢5.7 3.8¢2.0 5.6+.2.9
0130 ]510 13°I0' 54°07' L,=30L_30' 54°I4' 30 ]22+-42 24.2+- .7 15.1t2.4 4.2+-3.0 3.4-.13 2.0*.14

t). ot4o ]5]5 13°0a'_l' _2.s]3_6' ..'_o3r40 854 _L +-],1 _Z_ 447 t52 LS4,.7,40150 I4_ 13_6' 55_' L512]3o08,53o51,50 55_t1(I0018_ +-_ 9LO +.UO 909 +.53208 +-31
0160 1450 13o_, 54o00' ]517[3°lD'_°50' 60313620 2]567 +.31 L_4 LOI_ tI_45 t45

OCl 1716 17°36'5_P_4' 173617_Z0'56°10' L Q)0 l_.BtL? 78.9 M.Bt9.4 19.0+-2.3
nC 5 1654 17°36' 54°_4' U14 17_36' 54_4' 5 331 148.7*.2.3 62.4 96 t L5 L4.2+.3.6
OCI0 ]630 I?)_6' 54°34' 1650I_6' 54o34. LO 443 208.9+.2.5 1,11 L43 rib 29.1_4.5

0C30 _9 I6_22,_o_, ].559 55o39'30 208 37.9*.L[ 19._ _.4t5.2 7.9,.2.0
I61416°57' 55°03' 40 430tL10 89.8+.3.7 40 +-L9 3112_.5.9OC40 16_ 17°36' 54°34'

OC SO _45 15_)58' _o_, 160£[7_3G'54_4' 50 43_ 378.5+.2.8110.2 197 ._21 63.2".5.6
OCGO ]5_6 U°30' 54°30' 161317_30' _o_, 60 36000 2?7]2 t35 ]3270 1.2500:1702714 t47

RA L 1758 L7°_' 57°_0' _ I6°Sff59°]2' L 258 1119t .4 61.1 57.6+-2.7]2._+-.72
RA5 I822 L6°50' 5_]2' I_ I6°50' 59°12' 5 LM 45.5+.|.2 20.9 24.].t6.7 6.4-.2.5

_,_ _ _o_,'_: _ _' 6_ 2__ 7__.L__.o:,_ _,_:_.o _ ::.__._:_.,_,_o _, _o_,. _o_6__90='_o_,6 ,_,_,_.__o:_ z_ :_ ,,_-._._
Duro_ _oo__,_, _,o_o_,._,o_o,_ozo_ _,._,.,_., _o._:_.z_.,_:._,,_o _,__,o_s_o' ,9_s_' _o' zo _,, _._
IN27 1638 [701_' 50037' L72617.°58' 66°18' 27 499 ]2G.0'L3 74.4 63.3*.5.9 8.9".[.1DUrO_o,_' _o, _,o_,o_._°o_'_o,,_ _o_,., _._ _,._:_.__,,o:_6
OU _0 1312 ITO_, _o_, I_ ]3°28'5_55' 50 '-834 991.9t4.6 379 464 ..5 1113.3,6.0
INSO L7_ L7°_° 60°46' [7_ U°59' 65°_' 50 6?78 2[81 +-7 9(33 l_ t34 212.4_._.1
OU6O ]257 l_' 64°45' ]358 ]3_0' 59°46' 604]_0 27005 +-_2 11418 ]2230 ,:.llO_ t_ 43_:[0
IN60 17_ U°_ ' 61°_' I_6 U°43. M°45' 6039920 28197 t36 _9_ ]?.810C_02913 -.47 51=19

• Countedoncounterwhicl_has_en foundtocjiveconsistentlylow7Benumoers.
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RADIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAMPLES COLLECTED BY AIRCRAFT

DURING THE BARBADOS OCEANOGRAPHIC AND METEOROLOGICAL EXPERIMENT

JUNE26,1969

ON OFF ALT. DPMllO3 S. C.M.

SAMPLE TIME LAT LONG TIME I.AT LONG IN 95Zr 103Ru 106Ru 137CsNO. (Z) ON OW (Z) ON ow Kft 78e

,_I 1213 13o05,59o30` 123513005,59030, 1 174±30 i07.6±1.4 65.6±3.0 dE0 =4.9 14.6 ±2.1
MM 5 1131 D°13' 59o40̀ 1211 13°05' 59030' 5 488 329.4 ± 2.2 132 147 ± 14 46.9 ± 3. 4

MM 10 1417 12o27, 58_22' 1437 1_43' 56u26' lO 407 104.4 ± L 2 46.2 59.2 : E 5 . 12.5 ± 2.1
MM 27 1306 l_SB' 59,,23'13-_I__35'5_04' 27 357 57.7± L 2 29.4 23.2 = 7.3 9.4 ¢ 2-I
MM 30 1345 13_°41' 60_' 1405I_29' 58°22'30 586 156.O± L 9 92.9 57.8 ± 8.5 15.5 ± 2.6
MM 40 1431 I_23' 58-023'144113°02'57054'40 640 177..6¢ 5.4 93 54 ± 20 20.i ± 8.i
MM 50 1413 13°28' 59°55' 142912°23' 58°23' 50 6441 2926 ± 5 1443 1424 ± 27 255 z 7

DI 10 1441 1_47' 55°58' ]301 13°0'/' 54°00' 10 120 26.2 ±. 8 ]3. 7 1L 2 ± 4. 8
Ol27 1344 i_59' 54050' 140414°33' 54001' 27 300 86.5± L 4 5L9 30.0 ± 7.9 9.9 ± 2.2
DI 30 1515 I_4,?.'53049' 153514°49' _o23, 30 309 132.i± L 9 105.4 4L 3 "-7.6 8.9 = 2.5
0140 1517 13-008'53°51' 152713036' 54°31' 40 1020 446.8±6.9 210 247 ±44 41 ±ii
DI 50 1458 13026' 55032' ]314 13008' 53051' 50 10630 5113 ± 15 22.74 2478 ± 89 5_ ± 24

OC 27 1534 16o10' 54o25' ]354 17733' 55o55' 27 577 184.4± 2. 0 lm 91 ± 11 I1. 0 ± 2.4
DC 30 1547 16°14' 54°.35' 160717016'5_49° 30 383 159.4 ± I.9 103 64 ± I0 19.4 ± 2.7

OC40 1608 I_36' 54u34' 161816-057'55003' 40 2396 2550 ± 17 1242 1310 ±89 190 ±19
OC50 1549 ]3"58'54°53' 160517036' 54034' 50 43636 32730 ±35 14560 ]3310 ± 180 3109 ±47

RA I0 1645 16°48' 5900? 170516°44' 60055' I0 332 120.0± i.3 56.2 66.3 ± 7.7 I_5 ± 2.0
27 1612 I_05' 58°00` 163216°58' 60°'22 27 385 138.4±I.8 655 6L7 ±9.9 I{1.8±2-3

RA 30 1615 17o08' 56°46' 1635 16°42' 59°10' 30 404 169.0 ± 2. 0 9L 5 72.9 ± 9. 6 16.4 ± 2.6
RA 40 1658 1650` 59012' 170816057' 60°10`40 1315 1186 = 9 510 510 :=73 183 ± 23
RA 50 1639 16034' 57°31' 165516°50' 5_12' 50 19600±_0010620± 240 4660 ±640 5202 ± 38 1095 ±69

IN 14 1245 12°38' 58°o45'145218004'65°59' 14 200 77.3±.7 39.6 39.3 ± 3.O 7.19±.57
OU 18 1007 18o]3,66_30` 114313°52'60°06' 18 345 108.9±.9 48.3 48.8 ± 3.9 9.65±.80
IN24 1712 17007'61054' 1744I_46' 65°57' 24 332 35.7±.9 19.2 20.2 ± 3.3 4.06±.98

OU 27 1206 I_47' 64°51' 1306I_58' 59°23' 27 320 52.4±. 8 23.9 27.6 = 3.5 4.71±. 77

IN27 1632 16"58'6_22' 1720I__50'67000'27 292 51.I±.8 32-4 18.2 = 4.7 4.60±.89

JUNE27, 1969

MM 60 1358 13020`59040' 142512°40' 56°56' 60 32890 21778 ± 34 8350 10250 = 166 2627 ± 41

Ol60 1449 13005' 54°oP5' ]31613°40' 53055' 60 45770 24127 ±II 8469 11610 ±56 3223 ±]3
DC 60 1545 17°_00 5̀430 161217030 5̀5°I(760 32690 34531 ± 41 12830 14150 ± 180 2111 ± 47
RA60 1629 i_I0' 5_' 165817005'6_55' 60 68660 41400 ±44 13013 17290 =200 3408 ±49

OU 60 1305 17°25' 64°10' 135713o_, 59Oo4o, 60 32780 36100 ± 15017099 16350 ± 226 3144 ± 33
IN 60 1659 17°05' 60°55' 173717045'6445' 60 18670 18386 ±43 8763 7930 - 180 1389 ± 2_



RADIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAiVtPLE5C_LLECTED BY AIRCRAFT

DURING THE BARBADOS OCEANOGRAPHICAND METEOROLOGICALEXPERIMENT

JUNE_, 1969

ON OFF ALT. DPMI103 S.C.M.
SAMPLE TIME LAT LONG TIME LAT LONG IN

(Z) ON °W Kft 1Be 95Zr l(_Ru 106Ru DTcsNO. (Z) ON

MM l 1218 1_23' 58°23' 12381_23' 58o23' 1 16,5± 3-5 47.8 ± L 2 25.7± 6,8 20.1 z 8.7 q.3 ± L 9
MM5 1155 1_23' 58023' 121,512"23' 58°23' 5 204±27 124.5+L2 70.7±3.1 54.3 ±5.9 14.8 ±L6
MM10 1418 12°23' 58°23' 14381_47' 56°29' 10 101 7.0 ±. 42 2.1 = 1.6 2.1 ±. 9
MM20 12.99 1_23' 58°23' ]319 D°45' 5_25' 20 262 48.4 ± I. 6 2L0 30 ± 10 6.6 ± t 1
MM27 1315 13°04' 59028, 13351_34' 5_08' 27 348 6L4 = L 3 27.4 l& 8 ± 7.0 7.¢1± 2.030 6o0o7. 5623'3o 1,6 19.oT,.32=, 5.z=La
MM90 ]358 ]3028, 59o55, i414 58023' 50 2230± 160 ]3L 7 ± 4.6 44 09 ± 22 27.8 ± & 4

DI I 1705 13o08153o51, 1725 ]3}08' 53°51' 1 50+18 ]3.7±.6 10.8±L9 13.2 ±3.4 3.7 ±L4DI 5 1446 1_57 55°3,5' 150612!53' 53o55' .5 30± 12 ],118 ± L 1 7.8± L ,5 4.9 ± 2.3 3.2 ± L,5

53o51' 10 36,5±34 133.9±L4 62.4±2.9 67.7 ±8,0 16.2 ±L8OI 10 1617 14°_38' 54°_04' 1657133 , 54034' 20 122±4,5 16.5±.8 3.8±3.0 5.7:2.9 2.7 ±L6
DI 20 1730 13008, 53o51, 1750]3:)L:x)'DI 27 1352 1__59' 55o02, 141214 54004' 27 271 82.8 .w_L 3 47.1 22.7 ± 7.1 5.9 ± 2.2

]3o15, 54°01, _48' _36' 30 26-5 °R,7 = L 4 50.2 35.i ± 7.9 10.3 -'-2.4Di 3O 1518 1538
15:)36'54_31'40 1400 42&0±7.3 209 23-5 =39 44 ±ii

e DI 40 1506 ]3o08, _o51, 1,5516]2=08,).: 0150 1447 ]3°26' 5,5°32' 15(3 i 53"51' 50 2260± 190 192.7 ± 5.1 119 ± 19 116 ± 28 ]4.5 = 9.7
oc1 1P_36'540 ' 1 56`3= 26`7 ± 5.7=2.0OC5 1450 1_36' _434' 1,5101_36' 54034' ,5 198 6L 4 ±. 4 10.4 27.8 ± 2.5 7.9[ ±. 84

OC 10 1515 1_36' _4°34', 15,5516008, 54o14, I0 348 132.5± L 7 69.4 68 = lO 16.4 ± 2.7OC20 1400 17000' _07 14201_36' 54_°34' 20 352 ].28.0± 2,0 74,1 64 ± 14 13.3 ± 3.4

OC27 1_ 16°40' _4018' 16041_22' 5_47' 27 598 366.7± 2.5 206 163 ± 14 34.6 = 3.0
ac }0 ].546 16°36' _4°36' 1606 1_33' 56 14' 30 4-5-5 192.7 ± 2.1 128.4 83 ± 12 22.6 ± 2.8
OC40 1,5,571_36' _4°34' 16071657' 55°l_' 40 1680 766.8 ± &6 381 329 = 47 79 ± 11
OC50 1538 1,5058' _4°53' 1,55417O36'54o34,50 17110 ].3430 .5413 6330 ± ]30 949 ± 30

RA10 1643 16046' 58o50, 17031_02' 6_57' 10 223= 8 66.3 =. 9 3?..1± 5.3 3L4 ± 2.4 & 1 ±. 6
RA 20 1840 16000' 5_05' 190016°50,59_12'20 405 139.3 ± 3.3 58,4 70.0 ±8.2 13.7 ±2.0
RA27 1617 1_0_' 5_4,5' 1637170_04'6_08' 27 34-5 176.7 ±. 6 8%5 64.9 ± :1.0 16.03=. 83
RA30 1615 l_IB' 57000' 163516°46' 59019' 30 298±78 84.3±LI ._0.0=7.1 2&9 =5.4 10.3=L6

RA40 1650 16°50, 50°12' 170016_57' 60°10,40 11,50 306.0±6`:1 127 120 =29 47.0±9.4
RA_0 1631 16034' 57°3].' 16471650' 59012' 50 18070±6207064 ± I_ 3140 • 1203108 ±70 648 ±25

OU18 1012 18000. (_8_0_, 114114000, 6_40' 18 250 104.9±.3 5LI 46.1 ± L2 8.95=.IN20 1902 16050' 5 05 201918028' (__12' 20 247" LT_.0±.9 6&1 5"3.8 ±4.1 7.4 =LO
OU27 1213 1__53' 6,5°04' ]31.513o04, 5_28' 27 479 58.6 ±. 3 2.4 26..5= 1.6 5.40:. 40
IN27 1637 17004' 6_08' 172618°10, 66°32' 27 414 4L1±.8 18.8 29.4 ±4.4 4.30±.81
OU 30 1302 I_31' 64034' 1348D°46' 6_07' 30 3-59 42.7±.9 27.4 23.8 ±4,0 4.88±.94
IN 30 1712 1_04' 62°01' 1740_°06' 66°08' 30 307 75.1±L5 46.2 3,5.9 ±6.3 6.8 ±L,5
OU 50 1303 17044, _°4_' ]358]3°28'5_55' 50 9518 _57 ± 15 2456 2556 ±66 411 ± 11
IN 50 1707 17o02' 60o46' 174517o59' 6-5053' 50 27930 10914 ± 5 5473 5358 ± 23 1365 = 6

• Counte¢loncounterwhicl_hasbeenfoundtogiveconsistentlylow7Benum0ers.



RADIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAMPLES C3LLECTED BY AIRCRAFT

DURING THE BARBADOSOCEANOGRAPHICAND METEOROLOGICALEXPERIMENT

JUNE29, 1°,69

ON OFF ALT. DPM/IO3 S.C.M.
SAMPLE TIME LAT LONG TIME LAT LONG IN
NO. IZ) ON mN rz) ON ow Kft 7Be 95Zr 103Ru 106Ru 137Cs

MM1 1240 12°27' 58°__' ]300 1_3' 5_' 1 35'*'17 8.59=. 64 5.3 7.O ± 2.4 3.2 ± L O
MM5 1210 13012' 59°38' 12301_' 58°13' 5 59± 27 22.3 ±. 9 12.3 ± 5.0 & S = 4.O 4.7 ± L 9
MM I0 1440 12°27' 58008' ]30012049' 56008' I0 211 52.8 ±.3 22.5 33.5 = 2.O IL51±.60
MMZO 131 127' 5a? , ]3_°50'5#_15,zo

27 ]309 1_57'59°_' 1325I_33' 5_27' 27 i?.5 240.8 =2.2 199 166 = 14 66.2 ±3.530 I409 14"02' 60°30' 1429i_23' 58_19' 30 349 94.7 ± L 3 47.8 35.0 = 7.4 66.8 ± 2.7
MM40 1414 1_23' 5_Z3' 1424]3°_02' 5_54' 40 1170±170]334 ± 23 724 ±40 726 =49 353 ± ]3
MM50 1356 ]3°28'59055' 141212°23' 58°23' 50 1930±140306.0 ±2.5 208 71 ±8 • 47.1±&7

Oli 1713 ]3008,53_01' 173313°08' 53o01' I 165± 17 67.B ±.9 30.9±4.8 36.I =4.4 7.9 ± L3
015 1502 I_51' 55.M' ]322]3°_16'54_0075 279 93.5±LI 43.6±2.5 54.7=7.7 12.3±L8
OlI0 1630 15__08' 54u_1.5' 1710 o ,]308 53°01'1O 307 1.34.0±L5 65.5 68.4=8.7 I9.4±2.2

oi 10 1748 ]3_08'53°0].' I8m 14°I6' 55_23'20 402 ]35.z±3.8 ?LO 69.0:7._ 21.6±?...9
0127 1345 ]304' 54059' 14Q514020, 54003'27 129 17.6 ± LO 9.3 2.7 ± L9
0130 1535 ]3°]6'54_18']355L__53'54_35'30 105 19.10±.27]3.8 &3 =L6 3.98±.64
DI40 1459 ]3008' 53o51' 1509]3o36,54"31'40 680±i00 227.5±4.2 I18 ± ].3 143 :=22 26.3=6.2
0150 Id41 ]3o26,55u32, 145713008' 53°51' 50 11190 ]]26 ± 7 ]300 1802 -"87 534 ±

OCI 1455 I_36' 54°34' ]3151_36' 54034' 1 206 72.6 ±.9 32.6 4L0 ± 5.2 6.4 ± 2.0

O 0C5 1502 I_51' 5_54' 1522]3°16'54007' 5 246 96.7±L4 54.1±3.4 49.1±6.8 &6 ±3.3DC I0 1630 ]3°08' 54_15' 1710]3008,53o01 I0 350 155.I ± I.6 74.0 64.8 = 7.7 17.O ± 2.I
OC20 1748 ]3008'_°01' 180814016'55°_' 20 281" 16LO = I.9 75.0 79 ± 10 12.7'± 2.6
DC 27 1345 ]3o04,54o59, 140514°20' 54o03,27 340 227.9 ± L9 145.5 94 ± 1O 19.i ± LI
OC 30 1535 ]3°16'54018, ]35515°53' 54°35'30 389 78.3 ± L3 43.5 27.O ± 7.5 10.I ± 2.I
OC40 1459 ]3o08'53o51' 1509]3036'54o31' 40 450±140 410.4± 5.3 198 ± 14 200 ± 26 91 ± 12
OC50 ld41 13026' 55032' 1457]3°08'53o51' 50 16960 I1945 ±23 5666 5550 ± 120 ii17 ±29

PAl 0532 16050' 59°12' 0552I_°o50'5_12' i 179±26 _.3 ±1.2 4L0±2.6 38.7=6.7 12.8±2.1
PA5 0554 16o50' 59°12' 06141700176_37' 5 273±2_ II0.0=LI 63.1±4.0 5L9 =6.2 IL4 ±L5
RA5B 0642 16050' 59°12' 0702I?o2_ 61°1.5' 5 1.58 32.2 ±.7 9.3 ],6.8 = 4.7 6.I ± h7RAt0 1648 17°__03' 59009' 1708i?02 61°19' 10 204 I19.8-1.2 77.9 47.6=6.3 Ii.6±L7

2A20 1904 16050' 59°o12'192417°00'6_38' 20 356±29 224.2"3.2 123.9=5.3 106.1=8.4 19.8±2.4
_A27 1620 16055' 5807' 1640PJ°059'6_Z3' 27 314 84.6 ± 12 55.8 35.5 =7.8 I0.3 :=2.2

RA30 1621 1_?.2'56035' 164117_ 59009' 30 465 321.6=.8 165 150.5=4.2 57.3±LO' 0°lO 40 1130 334.2-6.6 121 201 _35 31.9:=:9.6,RA40 1637 16=50' 59°12' 1647Ig°.. 6 ' -" _-

OU 18 2345 18010' 66003' 059..916050' 59°$?.' ]3 391 ?26.6 =.7 I18 IIL7 =2.8 }.8..52:_.44
IN]3 0625 I_117 61°17' 0720_°I0' 66o03' 18 471 262.3 ± 1.7143 12L0 = 7.9 2:3.8 ± L6
OU 19 1030 i_00' 65°517 120013°35' 6_18' 19 304 84.9 ±.9 42.9 37.9 =3.7 8.83±.74
IN 20B 0710 I_117 62015' 0755].8°00' 66000' 20 41I 1CA.5 ± I.4 43.5 52.4 ± 7.4 10.P ,_!, 7
OU27 1207 1_47' 65o0"2' ]309 12°57' 590"2.7?27 303 44.1 ±. 5 33.7 19.2 ± 2.9 5.09 76
OU30 ]326 1_,.14' 64_42' 140914°02' 6_30 30 335 75.9 ±. l 5L5 ?..5.9 = 4.3 5.8 ± j,,..2
IN30 1646 16.59' 6_23' 17181_49' 65u03' 30 529 20?.4 ±L9 98.6 ],09.0=8.9 17.8 ±L6
IN30 1716 17u06' 62°__2¢1744IE48' 6_54' 30 502 170.9 ± 2.0 82.7 78.2 =8.S 13.3 = 2.OOU50 1302 i_44' 64o42' 1356]3_'28'5955 50 9536 6c;_ 3174 3375 :=47 625 =II
IN50 1652 17o02' 60o40' 173717o59' 65o53' 50 15070 ].0992±23 4861 5390 =I(30 766 = 19

"Countedoncounterwt_icl_hasbeen_oundtogiveconsistentlylow7Benur_ers.



RADIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAMPLES C3LLECTEDBY AIRCRAFT

DURING THE BARBADOSOCEANOGRAPHIC AND METEOROLOGICALEXPERIMENT

JUNE30, 1969

ON OFF ALT. OPM/IO] S.C.M.

SAMPLENO.TIME(z)LAToNLONGowTIMEIz)oNLATLONGowKINft 7Be 95Zr 1O3Ru t06Ru 137Cs

,_M1 1147lo2_ __13, 12071_23' s8°23' 1 176 10s.o=2.o 45.4 68 ±14 10.9±3.ii,_M5 lllO ]3_05' 59_30' ll30 1_20' 5ii°22' 5 512± 17 194"5 =. 8 73.i ± 2.Z 95.2± 6.3 7..5.9 ± L 4
,'_MlO 1406 1_73' _o23, 14261_23' 56049' l0 388 149.O± L 6 73.6 75.6± 9.4 19.8 ± 2.3
,_M20 12_ I_73' 5ii°73' 1245130`48'57026'20 107" 54.i ±L3 2¢5 23.5±6.5 3.7±2.3
:,_M27 1258 ]3002' 5_31' 13181_38' 5_]5' 27 176 10.3 ±. 7 1.4 3.1 ± 5.6 2.5 ± L 9
MM30 1339 l__a,4'6_20' 13591_23' 58°23' 30 163 43.2 ± L 2 28.O± 3.Z 7.5 ± 5.9 ' 7.2± 2.3

40 1419 12°_' 580_73, 1430]3_02'5_54' 40 LZ_ _64.I± 7.2 241 217 ± 39 60 ± lO
MM50 1400 ]3°2/]' 59o55' 141612°23' 5802:3' 50 8510 4760= 14 1392 1568 ± 84 549± 22

o,1 s30 l, 1653 s3051.1 = 146.7=L, T=o=3., =la 16.,=3.o
DI l0 ]527 _12' 1607]3o=, 5 51' 10 196 76.0±L2 3O.7 3&4±O.O I1.1±17
DI 20 17_ 53:51' 172314°17' 55027' 20 340 35.ii ± L 2 12.O 17.4 ± 5.6 7.4 ± 2.2
DI 27 ].335 I_._' 5__07 135514022, 54_02' 27 214± 29 16.3 ±. 6 2. 7± Z 2 2.2± L 7 2.O± L 3
OI 30 ]507 ]3_22' 54__6' ]527 1_59' N°_51' 30 253± 21 56.3 ±. 9 27.7± 4.6 29.l ± 6.O 4.5 ± L 7

0150 1449 i3026' 5_°32' ]5(:5 53°51' 50 ll0B0 3866 = 15 1481 1819 = 87 447 : 22

Del 1:352 1_36' 54°34' 14121_36' 54o34, 1 140±29 117..8=l.4 616±3.4 43.7±6.9 17.4±2.1
DC5 1414 1_36' 54_u34' 14341_36' 54°34' 5 224± 31 1133.2± L8 5O.5± 6.2 44.5± 8.5 8.6 ± 5.4
DClO 1438 17036' _°34' ]318 ]5o_30' 340`12'lO 203± 19 118.O± LO 59.5± 4.2 59.5± 5.6 17.1± 3.O
DC20 132_ 16°30' 5_.25' 346 16°20' 5_38' 20 418± 38 239.l ± l. 9 125.5 ± 4.6 llii ± lO 25.3 ± 2.4

OC27 ]5_ 160`73'_._20' 15451_75' 550`48'27 817 717.2 ± 3.2 445 322 ± 18 83.9-- 4.OOC30 ].524 160`37'54_57' 15541_31' _60_02'30 ]304± 66 695.3 ± 5.1 385.9± 5. 1 31G ± 15 71.7± 6.1

DC40 ]558 I_36' 54°_34' 160816057, 5_03' 40 850± 200 338.O± 4.9 174 = 22 104 ± 19 40.I = 7.OOC50 1539 ]3 5ii' 54°5Y 155517036' 5434' 50 14200 7851 _20 3597 4090 ± ilo 736 ± 27

RAl0 1628 1_04' 59o_50' 16481_35' 61_42' 1O 307 121.4 ± L 4 67.O± 2.2 6L 1± 4.9 6.2 ± L 6RA20 1805 ]5'32' 5_50' 182516o_50'5vl2' 20 580± 130 365.l ± 2.1 177 ± 16 174.3± L I 31.O± 4"5
,oA27 1604 17°QG' 5_55' 16241_00' 6_32' 27 1117 1054 = 4 605.7± 7.0 483 ± 23 102.5 ± 4.7

30 1601 1_?..5' 56°_50' 16211_04' 5_ll' 30 1360± 1401091 = 3 614 = 7 571 ± 40 102.2 = 3.6

,_A40 1652 16_°50'59_I2' 170216_57' 6_10' 40 7440 4752 ± 72 2348 2]50 ± IlO 397 : 2_50 i633 16074' 57°31' 16481650' 59°12' 50 12:320 _394 ±21 3944 4010 ±lid 825 ±28

OUlii 0920 I_14' 65°55' 105513052' 6_20' 18 4]3 214.4 = L 2 103 97.7± 5.5 18.O± L 1

,,zo ' zo ,oo ,=
OU27 1202 17_37 64°34' 1238_o_, 59o31, 27 (:RG 8G.O±. 7 ],87.ii ]39.7± 1.O ,_ 8 ± L 4
IN 28 1624 1_00" 60_°3? I713 18°13' 66°18' 21 144_ 764.8 ± 3.O 390 376 ± 14 _3.6 ± 2, 6
OU30 1255 l_2G' 64°?..5' ]339 ]3044' 6_20' 30 798 525.3 ± L9 293 255 ± ll _0.6 ± 2.4

OU_O ]306 1_44' 64o42' 140013°_' 59o°55'50 4570 7589 ± 3 4290 3671 ± ]3 _OL5 ± 3.9tN._O 1702 17002' 60°46' 175217059' 65_' 50 4320 7521 =3 4174 3586 ± 17 _45.7±3.6

=Counteclon counterwl_icnhasbeenfoundtogiveconsistentlylow7lienumDsrs.





RADIONUCLIDE DISINTEGRATION RATES IN AIR FILTER SAh'_PLESCOLLECTED BY AIRCRAFTDURING THEBARBADOS OCEANOGRAPHIC AND METEOROLOGICALEXPERIMENT

JULY2, 1969

ON OFF ALT. DPMIIO3S.C.M.

SAMPLE TIME I.AT LONG TIME LAT LONG IN 95Zr 1CI3Ru [06Ru 137CsNO. IZ__Lo! _ _z.._L°_.L ow_..wKf_.j.t ZBe
RA lOB 0125 1"/°0@ 57°12' 0]38 16°55' 38o34, lO 471 240.9= 3.6 122 78 ¢ 16 27.3± 5.2

MM10 1416 12o23, 58°23' 14361_¢?.' 5_58' lO 89 8.59=. 38 4.0= L 6 2.O± L 1
MM30 1348 13052' 6_20' 14081_13' 58°23' 30 657 78.8= L 3 38.7 29.9± 8.2 10.O= 2.4
,_1M40 1427 12°23' 5_23' 1437L3_°02' 5_54' 40 938 619.9±8.2 339 ± 18 337 ±46 77 ± 12
MM50 1407 D0-28' 5_55' 142412013' 38Q_D'50 2628 358.6:=6.6 120 116 :=60 49 ± 16
MM60 1410 ]3°20' 59°40' 143712°37' 5?°00' 60 64940 30056 ±D 8974 14811 ±63 4528 ±16

DI 5 1443 1_51' 55°07' 1503 13004:53°40 ' 5 79 10.3:=.6 6.7 8.1:=4.0 2.2±L5 "DI30 1307 130-04'53__40' 1327i__16 54_°10'30 274 43.3± L 1 213 10.9± 6.9 9.6± 2.3
OI 40 1319 13008, 530_51' 152913°_36' 54u31' 40 280± IlO 115.O= 5.3 48 = lO 31 ± 13 30.5= 6.6

DI S0 1500 ]3_°26'5503? 151613°08' 53_051' 50 5310 853.0=2.8 22i 462 =22 109.4±6.0DI 60 1501 ].3°03' 5424' 152813038, 53°55' 60 45960 32475 :=40 17.551 15650 : 200 3830 : 49

DC3o 16°_z' -°26'16=1 17' ' 3o 321 s7.9=i.1 5=o 8.1 8.3:2.5 I
OC40 1604 L7_6' 94u_34'161416°57' 55°_03' 40 1380± 190 914 = lO 438 48_',± 54 73 = 13OC50 1548 1558' 94°53' 160317°36' 54°34' 50 2894 727.4±8.3 350 391 =47 80 = 13
OC60 _ 17°00' 94°3@ 1623I7°30' 55010. 60 55010 37926 =43 13706 18090 ± 210 4671 ±53

RA10 1635 16°_47' 5_06' 165516°_5I' 61o16. 10 224 69.8 = I. 0 34.0 39.1:=5.9 9.0± L 5
RA30 I609 1_08' 56°48' 162916047' 59°06' 30 478 166.5± L 7 92.5 69 = 11 29.0 ± 2.7
RA40 i657 16°50' 59°17 170716°_57' 6_10. 40 5522 1999 = 4 600 973 ± 26 293.7± 7.O
,_A50 1639 16°_34' 5__31' 1654I6°_50"59o12' 50 5046 1090 ± IO 464 678 ± 78 137 - 20
RA 60 1641 17°03' 61000. 174717003'61u0@ 60 17750 15807 ± 18 5268 6219 :=82 1247 ± 21

OU27 1202 1_29' 64o56' 12591_32' 59°_Z9' 27 332 95.9±, 8 _4.6 48.1= 4.3 10.19±.86

. IN 27 1658 16°51' 61u_16' 17231_08' 64__42' 27 602 188.5 ± 2.1 leo 95 = 11 18.6 = 2.2' _' OU30 1252 1_42' 64035' 134813°_52'6_20' 30 639 198.O= L 6 _5.i 106.2 : 7.4 17.7= 1.4
OUSO ]312 1_44' M°_47.' 140713°781 59u_55' 50 108o,0 6974 ±17 3110 3620 "=-79 529 =13IN 50 1708 1_02' 6_46' 174917°59 6_53' 50 9245 5254 = 17 1981 3320 =87 400 '*'14

OU60 1.309 1_44' M°42' 1410 13°20' 59_40"60 7434 Z/OIl = 40 162J4 13000 = 180 2365 ± 28IN 60 1708 17O03'61001? 174717059' 65 _' 60 32581 35893 =67 21095 13070 "-230 ?.362=34

JULY21, 1969

;_lM60 1525 11O30' 55°_30' 155I 11030" 57O30'60 44380 27824 =36 8161 15320 =190 372B ±49
DI 60 1445 ]30_22, 54°73' 15111_40' = o.,4.20'60 40020 31547 =39 lOd20 17210 = 210 3635 ± 91
RW60 1425 15°00'56°_13' 143314020' 55u30' 60 63300 43460 =86 15640=_0 25780 =480 5680 ±120
OU60 1303 17°44' 64°42' 140713°40' 58°00:60 25920 31492 ±37 11631 17310 =2lO 2904 ±42

JULY26,1969

,_M60 1520 II0_30' 5__15' 154710000"5_30' 60 36080 19878=29 5584 11710 =170 3085 ±43
OU6O 1400 17047 64048' 1520I1030" 59015' 60 24390 20009 = 17 6667 11617 :=92 2464 ±23

JULY28,1969

A6O 1308 15o_, 56o_35, 133513_o_, 56o35,60 2_30 15545 = 16 5140 9640 :=160 2416 ±39
B_O 1535 15u45'56°-09' 160217030'.T,4°_O0' 60 16030" 14276:lO _077 8554 =66 1302 ±13
C60 1602 17°30' 54o_00,162917°3@ 54o_0@60 14260 12921= lO _099 7872 =60 1691 =13

060 1630 i_30' 94°00'165316_95'56°_00' 60 13040 14599=39 64o,4 _0 ±230 1778 =41
E60 1653 16_05'56000. 172015'_55'58°__' 60 28260 14269 =10 4278 9133 =62 2217 ± 13
OU60 1422 16015' 61030' 1305130_, 56635' 60 17840 16378 = 7 6219 = 13 10037 =45 1882 ±9
IN ,90 l_O 15°55' 58°55' 180917042' 64047' 60 13940 16208 = 7 6308 = 12 1Ol61 ±43 2198 ±8

"Counteaoncounterwt_ictthasbeenfoundto(liveconsistantlylow7HenumOers.






