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ABSTRACT 

Work which ha been done on Pro j ect St ar Dust during the preceding 
contract year is reviewed. Filter samples of stratospheric radioactivity 
have been collected using WU-2, RB-57 and RB-52 aircraft. Lower altitude 
collections included intensive sampling in the vicinity of extrusions of 
stratospheric air into the troposphere during the spring of 1963. A n\Dber 

of radiochemical and radiometric procedures used during Project Star Dust 
and developed since the issuance of th final report on Project HASP are 
described. 

Electron microscope measurements of stratospheric particles collected 
by direct flow impactors hav provided data which are consistent with the 
vertical concentration profile reported by Junge and coworkers and are 
consistent with the exist ence of th str tospheric aerosol in thin cloud­
like lamina. The av r ge p rticl iz distribution function found 
approximat es a log-n rmal distribution with a geom tric mean radius of 
0.275 ~icron. This disagre s ignificantly in the size range of~ 0.2 
micron radius with the size distribution function found b Junge and co­
workers. Aitken nuclei with radii< 0.1 micron, not collected by the 
impactor used, ma, produce a second peak in the size distribution curves 
at approximately 0.04 micron radius. Nuclear debris should become attached 
primarily to the small Aitken nuclei rather than to the larger sulfate 
particles. 

The stratospheric burd,~n of nuclear debris increased to unprecedented 
values, at least in the Northern Hemisphere, as a result of the 1961 and 
1962 Soviet test series. The stratospheric burden of strontil.lD-90 rose 
from about 0.9 megacurie in the thi rd quarter of 1961 to about 2.0 mega­
curies in early 1962 and to about 7.4 megacuries in early 1963. Measure­
ments of baritan-140 in fresh deb1·is during 1961 to 1963 provided data 
which suggest the presence of an organized circulation in the vicinity 
of the tropopause gap. Host debris from the 1961 and 1962 Soviet tests 
stabilized below 60 thousand feet in the polar stratosphere, but the 
debris increased in altitude as it moved equatorward. Although the 
Soviet debris ayread laterally quite rapidly within the polar 1trato­
aphere, its transport through the tropical stratosphere was rather slow. 
The stratospheric distribution of antimony-124 was similar t o the dis­
tributions of manganese-54 and iron-55 during 1962, suggesting a c011110n 
origin for all of these products of neutron activation in one or more 
events during the 1961 Soviet test series. During early 1963, however, 
antimony-124 was found in high concentrations only at altitudes of 55 
thousand feet and higher, while manganese-54 and iron-55 were found in 
fairly high concentrations at all altitudes in the Northern Hemisphere. 
This difference evidently resulted from new injections of these nuclide• 
by more than one device during the late 1962 Soviet test series. 

The stratospheric distribution of the cosmic-ray product beryllilD-7 
during 1960 and 1961 {before the 1961 Soviet teat series) were generally 
similar to the theoretical distribution in a stagnant atmosphere, with 
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SOiie differences which probably re attributable to eddy diffusion within 
the stratosphere and bet'-'E!en th stratosphere and troposphere. During 
1962 and early 1963, however, the distribution of this nuclide reflected 
the artificial production of beryllium-7 during the 1961 and 1962 nuclear 
weapons teats. Stratospheric concentrations of natural lead-210 appear 
to equal about 0.3 dpm/1000 cf, and lead-210 and polonium-210 appear to 
be in radioactive equilibrilU'll within the stratosphere. 

The Star ~st model of atmospheric mixing and transfer has been 
further developed into a diffusion-rainout model which includes a tropo­
pause, tropopause gap and a tropospheric sink in th form of a rainout 
mechanism. Four models with v riations in initial conditions are presented 
showing: (1) a successful r produ tion of h obs rv d l atitudinal dis­
tribution of rainout, ( 2) th re lism of th rainout mechanism used, 
( 3) the sensitive relati nship bet en th ertical xchang coefficients 
and the rainuut mechanism, (4) the inabilit of the mod ls to achieve as 
high a time transient rat d creas of central concentration as is observed, 
and (5) the effect of th rdinc,ut mechani m on r producing the observed 
poleward decrease in h ight of th le v 1 of maxirra.an cone ntration. De­
velopment of the basic mod 1 has prnceeded to includ th ff cts of 
particle teminal velocity and tranoport b non-z ro meridional and vertical 
velocities. 

Carbon-14 cone ntration in carbon dio id in ground 1 v 1 air in 
northem New Jersey sl·owed a harp increas beginning in April 1963, and 
reached values equal to 191 pr ceut uf th n,tural carbor.-14 activity by 
early August 1963. 

Measurements of the vertical di tribution of strontillJl-90 and cesillll-
137 in 9 Kansas soils, sampl d duri ng 19 o, how d n los a sociation of 
the two nuclide& at all l ev l s in the upp r 12 in h s of ome soils, but 
a separation of the nuclides in oth r soil. Th meun alu s of the total 2 deposition in the 9 soils were 88 ±. 35 me r9 /mi2 and 138 ±. 81 me csl37/mi. 
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CHAPTER 1. INTRODUCTION 

This is the ninth quarterly report to be issued during Project Star 

Dust. Our primary purpose in preparing this report is to review the work which 

has been done on the project during the past contract year. 

Host of the techniques of sample collection and analysis and of data 

reduction which are presently being used during Projec Sar Dust are quite 

similar to those employ d during Project HASP, The High Altitude Sampling Program. 

Nevertheless ther have been enough han i n te hniques used since the pub-

lication of DASA-1300, th fi nal r port n Pro je t HASP1, to warrant a review 

of some of these sampling hanges. Th refor, included in this report are des­

criptions of t he present Star Du t samplin 1 pr gram and of some of the radio­

chemical and radiometric procedures curr ntly in use. 

A review is given of re ent pr gr ss in the study of the physical 

characteristics f stratospheri particula e, in the description of the strato­

spheric distribution of nu lear debris and of some natural activities, in the 

development of the Star Dust model of atmo ph r ic circulation and exchange, in 

measurements of carbon-14 concentra ion in ground-level air and in the study 

of the vertical distribution of certain fission products in soil. 

Purpose and Method of Project Star Dust 

Proje t Star Dust has b n und rtaken to prepare a mathematical 

model of atmospheric mixing and ir ulation whi h an be used o predict strato­

spheric hold-up and ultimat patt rns of d po ition on the surface of the earth 

of radioactive d bris injected into th tratosphere uy nuclear weapons tests, 

by burn-up on re-entry of nuclear power pa ks for earth satellites, or by other 

causes. 

Information obtained from several atmospheric "tracers" is being used 

to guide the sel ction of values for the various meteorological parameteLS in­

cluded in the model. Among the'se rc1cers are ozone and several artificial and 
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natural radionu lides,such a strontiurn-90, ungsten-185, carbon-14 and berylliurn-7. 

The results of measurements o atmospheric radioa tivity made during P oject HASP, 

Project Star Dust and other studies are used to determine he atmospheric dis­

tribution of the radioactiv tracer and the hanges whi h occur in these dis­

tributions as a func ion of tim. 

The numerical model of atmospheric mixing and cir~ulation which is 

being developed provides an obj tive me hod f xperim ntation in he attempt 

to simulate the actual proc ses affe ting th movement of radioactive con­

taminants within the stratospher . It p nnit valuation of th effe t upon 

the movement of the contaminant, th our e onfig~ration, of diffusion, of 

possible general circulation within he stratosph re, of the settling velocity 

of particles and of possible tropospheric r m val me hani. m . 

Aside from th ir contribution t th d velopment of the model, the 

measurements of the stratospheri di tri buti n of d bris fr m nuclear weapons 

tests also provide information needed for th timati n of th pottmtial future 

hazard from the stratospheri burd n of radi a tivi y from pas nuclear t sts. 

Progress During the Contract Year, 1962-1963 

During 1963 there ha be nan xt n i.on of th range in latit de 

covered by regular Star Dust ampling at th high r alt·tud s, and an in reased 

effort at sampling in the vi inity of th tr p pau e and in the troposphere. 

There were limited p riod during 1962 wh n arnplin fr Star Dust was per­

formed by aircraft based in the Canal Z ne and in Australia, but in 1963 such 

sampling became routine. Through ut early 1963 sampling in Australia was 

limited to missions flown northward from Laverton, but during September, 1963 

missions flown southward from Laverton are also to be made part of the regular 

schedule. It is planned that orbit missions near Laverton at altitudes of 

30 to 45 thousand fe t, flown by RB-57 aircraft will also be ~dded to the 

2 



Isotopes, Inc. 

regular flight schedule by early 1964. 

During the Spring of 1963 regular sampling at 20, 25, 30 and 35 

th~usand feet was begun at two latitudes, 65°N and 35°N, to provide data on 

concentrations of nuclear debris in the troposphere. Intensive sampling of 

the troposphere and stratosphere in the vicinity of extrusions of stratospheric 

air into the troposphere was perfonned as part of Project Springfield during 

March to Hay 1963. The Springfield flights were directed by Professor E. Danielsen 

of Pennsylvania State University. A special Star Dust report, written by Professor 

Danielsen, is to be issued during early 1964 to give the final results of this 

study. 

Nuclear debris injected into the stratosphere by the 1961 So iet test 

series and by the 1962 United States and Soviet test series has conta ' ned several 

products of neutron activation, in addition to the usual fission products, which 

may be used as tracers of atmospheric motions. Hanganese-54, iron-55, antimony-124 

and several other nuclide& were produced in unusually large quantities by both 

the 1961 and 1962 Soviet tests. YttrilD!l-88 was also produced in quantity by one 

or more devices tested by the Soviet Union in 1962. The rocket shot Starfish 

Prime, detonated at about 400 kilometers over Johnston Island on 9 July 1962 

produced cadmium-109 and cadmium-113m, to be used as a tracer for debris from 

that source. These potential tracers have been added to the Star Dust analytical 

procedures during 1962 and 1963, and as a result data are being obtained which 

should be useful in the testing of the Star Dust model of atmospheric motions. 

Fresh debris from the 1962 United States test series was intercepted 

a number of times by Star Dust missions during Hay to August 1962, and fr~sh 

dehris from the 1962 Soviet tests was intercepted repeatedly during September 

1962 to March 1963, Calculations of the stratospheric burdens of strontilDll-90 

resulting from these test series have been made as part of the effort during 

3 
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Star Dust measurements to monitor stratospheric concentrations of nuclear debris. 

Beginning with samples collected during Hay 1963 the cosmic ray products 

phosphorus-32, phosphorus-33 and sodium-22 were added to the Star Dust analytical 

program, and analysis of samples for the tracer nuclides rhodium-102, lead-210 

and polonium-210 was discontinued. The rhodium-102 tracer measurements were dis­

continued because it has been reported that rhodium-102 was produced during the 

1962 United States tests, so tl-.at it is no longer useful as a unique tracer for 
2 the 1958 rocket shot Orange. Results of past lead-210 and polomium-210 measure-

ments have not been sufficiently 2ncouraging to justify the continuation of the 

analysis of thes~ nuclides at this time. 

The simple numerical uiffusion model of atmospheric mixing and transfer 

has been further developed into a diffusion-rainout model, which includes a 

tropapause, tropopause gap and a tropospheric sink in the form of a rainout 

mechanism. The basic model has been modified to include the effects of particle 

terminal velocity and transport by non-zero meridional and vertical velocities 

(general circulation terms). 

Studies of the physical and chemical properties of the stratospheric 

aerosol, of the concentration of carbon-14 in ground-level air in northern 

New Jersey and of the vertical distribution of certain fission products in soils 

have continued. Progress in these studies is discussed in later chapters. 

Future Plans 

During the coming year it is expected that we will continue to monitor 

the stratospheric concentrations of the fission products strontium-90, cesium-137, 

cerium-144 and promethium-147. The shorter-lived fission products strontium-89, 

yttrium-91 and zirconium-95 will also be measured as long as their activities 

are detectable. We will also monitor the activation products plutonium-239, 

cadmium-109, cadmium-113m, yttrium-88, manganese-54, iron-55, cobalt-57 and 
4 
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antimony-124. The analysis of the cosmic ray products beryllitn-7, phoaphorua-32, 

phosphorus-33 and sodium-22 in a set of samples collected once each month will 

also be continued. 

The collection of gas samples of stratospheric air for analysis of 

carbon-14 as part of the Star Dust program was begun in August 1963. The data 

which result from these analyses should prove valuable in the testing of the 

Star Dust model. 

The sampling of ground-level air for carbon-14 analysis will continue 

throughout the coming year, but the collection vf soil samples has been terminated. 

Analysis of fission products in the soil samples will be completed during the 

coming year and the final results will be reported. 

Further investigations of the effect of the inclusion of general cir­

culation terms in the Star Oust model will be investigated. The model will be 

tested using data from polar injections as well as tropical injections. Obser­

vations made during Project Star Oust of the movement of debris from the 1961 

and 1962 Soviet tests as well as observations made during Project HASP of the 

movement of tungsten-185 injected by Operation Hardtack will be used in testf.ng 

the model. Data for other tracers will be used in these tests as needed. 

Future reports of Star Oust data and conclusions will be issued on a 

semi-annual basis. A report which is to be completed by 1 August 1964 will 

contain final flight and radiochemical data for Star Oust samples collected 

during 1961 and 1962. The following report, which is to be completed by 

1 January 1965, will contain final flight and radiochemical data for Star Dust 

samples collected during 1963. 
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CHAPl'ER 2. THE STAR DUST SAMPLING PROGRAM 

The sampling techniques used during Project Star Dust have generally 

been similar to those used during Project HASP, but there have been a ew changes. 

These have involved especially the types of aircraft used and the flight paths 

followed by the aircraft. Changes in the probe sampler used to collect strato­

spheric particles for studies of the physical and chemical nature of the str.1to­

spheric aerosol will be discussed ·n Chapter 3. 

Collection of Filter Samples 

When Project HASP began the sampling vehicles used were six WU-2 

aircraft equipped with nose samplers. During 1959 hatch samplers were added to 

these aircraft, thereby increasing their collection capability from four samples 

to ten samples per mission. On occasion these aircraft were temporarily replaced 

by other WU-2 aircraft which lacked the no e sampler but could collect six samples 

per mission using the hatch sampler. Also as part of Project HASP three missions 

were fl.own to the North Pole by RB-52 aircraft during 1959. 

During Project Star Dust approximately qual use has been made of WU-2 

aircraft which are equipped with nos samplers and of those which are not so 

equipped. But beginning in early 1963 there has been a substitution of flights 

by RB-57A aircraft at altitudes of 39 and 43 thousand feet for the WU-2 flights 

of 40 and 45 thousand feet. Thus th WU-2 is now used only at the higher al­

titudes of 50 to approximately 70 thousand feet. A series of orbit missions 

were flown in the vicinity f Fairbanks, Alaska at 20, 25, 30 and 35 thousand 

feet by RB-57 aircraft during th first half of 1962. Since early 1963 such 

flights have again been flown r gularly in the vicinity of Fairbanks and also 

in the vicinity of Amarillo, Texas. On some of th se missions C-130 aircraft 

have been used instead of RB-57 air raft. 

Extensive tropospheric sampling was performed in the Star Dust 

sampling corridor during the autumn of 1962 utilizing WB-50 and C-130 aircraft, 
6 
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and intensive sampling in the vicinity of extrusions of stratospheric air into 

the troposphere was perfonned during the spring of 1963 as part of "Project 

Springfield", using WB-50 and RB-57 aircraft. '11lese Springfie].d missions, 

directed by Professor Edwin r. Danielsen of Pennsylvania State University, 

collected samples at a variety of altitudes in several different regions of 

the western and mid-western United States. 

During the first year of Project HASP, when the sampling capability 

was limited to four samples per flight, all four were usually collected at a 

single altitude. Occasional vertical samplings were made, especially during 

mid-1958, with each of the samples being collected at a different altitude 

over a single location. Not until mid-1959, however, when the installation 

of hatch samplers increased the sampling capability to ten samples per flight, 

did it become routine procedure to sample at two altitudes on each flight. 

Since the beginning of Project Star Dust, however, it has been the practice 

for each flight to sample at least two altitudes, and vertical soundings which 

sampled as many as seven altitudes during a single mission have been conmon. 

The Star Dust Sampling Corridor 

• An attempt was made during the design of the Star Dust sampling 

program ~o obtain sampling within a meridional corridor. As in Project HASP, 

however, the ideal situation could not be attained, and the sampling corridor 

consists instead of a series of quasi-meridional se~ents. These sepents are 

more or less contiguous between 70°N and 10°s, but the sepents north and south 

of Australia are far removed in longitude from the others. 

The HASP sampling corridor was discussed in the final report on 

Project HASP1. The various configurations of the Star Dust sampling corridor 

during 1961-1963 are SUl'llllarized in Tables 1 to 5, and in Figures 1 to 5. 

7 
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During the first seven months of the sampling progrm, June to 

Dec•ber 1961, regular Star Duet sampling was confined to missions fl.own north­

ward and southward from Laughlin A.F.B., Texas, and to orbit missions in the 

vicinity of Laughlin3. Additional samples were obtained, however, fl"QIII 

deployments of aircraft between Eielson A.r.e., Alaska and Laughlin during 

September 1961, from missions fl.own south from Hickam A.r.e., Hawaii during 

June 1961, from deployments of aircraft between Hickam and FAst Sale, Australia 

via Nandi, Fiji Islands, during October and December 1961, from orbit missions 

flown in the vicinity of FAst Sale, and from missions flown southward from East 

Sale during October and November 1961. All missions, except one flown north 

from Laughlin during September 1961, were at altitudes of 50 thousand feet or 

higher. 

The Star Dust sampling program was extended during January 1962 to 

cover more intensively a greater range of latitude and altitude. Missions were 

flown northward and southward from Eielson and Laughlin, and orbit missions were 

flown in the vicinity of each base4. Missions were scheduled to cover each five 

thouaand foot level betwen 40 thousand feet and maximum altitude ( but only 

~en ~5 thousand feet and maximum altitude on missions southward from Laughlin) 

once every two weeks. Beginning in March 1962 a mission was flown to the North 

Pole at about 40 thousand feet by an RB-52 aircraft once each month, and orbit 

missions were flown at 20, 25, 30 and 35 thousand feet in the vicinity of 

Eielaon by RB-57 aircraft once each week. 4 Samples were received from missions 

flown northward ah .. southward from Howard A.r.a., Canal Zone, and from orbit 

missions flown in the vicinity of that base during April, June and July 1962. 

Some samples were also received from a deployment of aircraft from Laughlin 

to Guam, via Hickam and wake !al.and during J,me 1962, from a deployment of 

aircraft from Hickam to F.ast Sale via Nandi, and from a mission flown south 

from East Sale during March 1962. 

8 
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Regular Star Dust sampling during late August to November 1962 was 

limited to "vector" missions flown between Eielson and Laughlin by WU-2 air-

0 0 
craft (generally at 55 thousand feet between 64 N· and 40 N and at 55, 60 or 

65 thousand feet between 40°N and 31°N) and between Eielson and McClellan 

A.r.a., California by WB-50 and C-130 aircraft (generally at 18 or 30 thousand 

feet). The low a).t_itude flights continued, actually, into Janual') 1963. Samples 

were also received from a series of missions flown northward froo Heyford, England 

during August and September 1962, from a deployment of aircraft to Laverton, Aus­

tralia during September 1962, and from missions flown northward from Laverton 

beginning in October 1962, 

There was an expansion of Star Dust sampling in December 1962, and by 

January 1963 the regular Star Dust mission~ included flights northward and south­

ward from Eielson, Laughlin and Albrook A,F,B, in the Canal Zone, and northward 

5 
from Laverton. The complete set of missions was flown twice per month, One 

missio11 was flown eastward from Laugh Lin in December 1962 to sample variations 

of activity in the zonal direction. Beginning in March 1963 WU-2 aircraft were 

replaced by RB-57A aircraft at the lower altitudes, 40 and 45 thousand feet, 

and the schedule was soon changed to 39 and 43 thousand feet ~o better accom­

modate the capabilities of these aircraft. Also beginning in March a series 

of missions at 20, 25, 30 and 35 thousand feet were flown in the vicinity of 

Eielson and of Amarillo, Texas once every two days. By June 19G3 the frequency 

of these flights had been decreased to once per week at both Amarillo and 

Eielson, Also during early 1963 there was a resumption of monthly flights to 

the North Pole by RB-52 aircraft. 

The home base of the 4080th Strategic Wing, S,A,C., which performs 

the Star Dust WU-2 missions, was changed from Laughlin to Davis-Honthan A,F,B., 

Arizona during early July 1963. While this move was being made several missions 

9 
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were flown along the WU-2 flight tracks at altitudes between 50 and about 63 

thousand feet by RB-570 air raft equipped with U-1 amplers. By the second 

half of July 1963 regular missions flown northward and southward from Davis­

Honthan had replaced the mis ions form rly fl wn rm Laughlin. D~ring 

September 1963 the frequency of orbit mi sion at 20 to 35 thousand feet is 

to be reduced from once per w ek to one per month near Amarillo and twice 

per month near Eielson. Mi sin flown uthward from Lav r on are ch duled 

to become part of the regular Star Du t f1 i ght s h dul durin S pt mber 1963. 

T.h • • ·11 xt d th St D t 1· c rr1·do.r to about so0 s. ese m1ss1ons w1 e en e ar u amp 1ng 0 hr-

wise the pattern of Star Dust sampling during lat 1963 will r main he same 

as that maintained during early 1963. 

At times during 1961 to 1963 ali quo f ampl llected fo r oth r 

programs have been used to suppl ment Star Dust amplin. Suh sampl shave 

included filters collected during orbit mi ionc flown in th vicinity of 

Eielson, Laughlin, Laverton and o h r ba in both th North rn and S uthern 

Hemispheres at altitudes rangin fr m 15 t n arly 70 thou ·and f t. 

10 
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Table 1. Flight Tracks of Star Dust Missions During 1961 

Northern Limit Southern Limit Altitudes(Kft.) 

Deployments between Eielson A.r.s., Alaska and Laughlin A.F,B., Texas: 

Missions Northward from Laughlin A,F.B., Texas: 

48°00'N 97°2S'W , 27° 44 'N, 98°00 'W ( 40 ,45) ,50 ,55, 60 _, 65, 
---10 

Orbit Missions near Laughlin A.F.B., Texas: 

30°00'N l00°00'W , 

Missions Southward from Laughlin A.r.B., Texas: 

Missions Southward from Hickam A,F.B., Hawaii: 

19°4l'N 158°00'W 
' 

55,60,65,---70 

{60,65 ),~70 

50,60,65,~70 

Deployments between Hickam A.F.B., Hawaii and East Sale R.A.A.r.s., Australia via 

Nandi: 

20°00'N 158°00'W 
' 

Orbit Mission near East Sale R.A.A.F.B., Australia: 

38°oo'S, 147°00'E 

Missions Southward from East Sale R.A.A.f.B., Australia: 

40°00'S 147°30'E 
' 

6o0 oo'S, 147°30'E 

ll 

---10 

55,60,65,---70 

~70 

j 
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Table 2. Flight Tracks of Star Dust Missions Durin1 Early 1962 

Northern Limit 

Missions to the North Pole by RB-52 Aircraft: 

90°00'N 120°00'W , 
Missions Northward from Eielson A.r.a., Alaska: 

70°ll'N 146°53'W , 

Orbit Missions near Eielson A.r.a. , Alaska: 

64°04'N 147°47'W 
' 

Mi ssions Southward from Eielson A.r.a. , Alaska: 

64°02'N 145°42'W 
' 

Missions Northward from Laughlin A.r.e., Texas: 

48°40'N 112°20'W , 

Orbit Missions near Laughlin A,F,B., Texas: 

30°00'N l00°00'W , 

Missions Southward from Laughlin A.r.a., Texas: 

29°37'N 98°2l'W , 

Southern Limit 

60°00'N 120°00'W , 

Alti tudea(Kft.) 

40,45,50,55,60, 
65 ,.,70 

20,25,30,35,40,45, 
50,55,60 ,65,,.,70 

40,45,50,55,60, 
65,~70 

40,45,50,55,60, 
65,~70 

40,45,50,55,60, 
65 ,~70 

55,60,65,~70 

Deployment from Laughlin A.F,B., Texas to Andersen A,F,B., Guam, via Hickam A,F,B, 
and Wake Island: 

31°1S'N l04°00'W , 
Missions Northward from Howard A.F.B., Canal Zone: 

Orbit Missions near Howard A.r.a., Canal Zone: 

08°00'N 79°33'W 
' 

13 

08°46'N 79°33'W , 40,45,50,55,60, 
65 ,~70 

40,45,50,55,60, 
~5 ~10 , 
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Table 2. Flight Tracks of Star Dust Missions During Early 1962 (Continued) . 

North rn Limi Southern Limit 

Missions Southward from Howard A.r.s., Canal Zone: 

08°46'N 79°33'W , 

Altitudes(Kft.) 

40,45,50,55,60, 
65 ,~70 

Deployments between Hickam A,F.B., Hawaii and East Sale R.A.A.F.B., Au tralia via 
Nandi: 

20°00'N 158°00'W 
' 

Missions Southward from East Sale R,A,A,f.B., Australia: 

40°00'S 148°00'E 
' 

65 

14 
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Table 3. Flight Tracks of ~tar Dust Missions During August to November 1962 

Northern Limit 

Missions Northward from Heyford, England: 

73°40'N, 17°4S'E 

Southern Limit Altitudes (Kft,) 

Vector Missions between Eielson A.F.B,, Alaska and Laughlin A,F.B,, Texas: 

31°00'N, l03°00'W 55,60,~65 

Vector Missions between Eielson A,F.B. , Alaska and McClellan A,F,B., California: 

65°00'N, 147°00'W 38°00'N, 121°oo'W usually 18 or 30 

Deployment from Hickam A,F.B., Hawaii to Laverton, Australia via Nandi: 

l8°25'N, 158°25'W 37°20'S, 145°10'£ 65 

Missions Northward from Laverton, Australia: 

15°00'S, 145°00'E 37°00'S, 145°00'E 55,60,65,~70 

16 
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Table 4. Flight Tracks of Star Dust Missions During Early 1963 

Northern J,imit Southern Limit Altitudes {Kft.) 

Missions to the North Pole by RB-52 Aircraft: 

90°00'N 120°00'W , 60°00'N, 120°00'W ◄0 

Hiasiona Northward from Eielaon A.F.e., Alaska: 

70°07'N, 143°25'W 64°35 'N, 147°00'W 40,45 ,5o,55, 60, 
65 ,"'70 

Orbit Missions near Eielson A.F.B., Alaska: 

65°00'N, 147°30'W --------- 20, 25, 30, 35 

Missions Southward from Eielson A.r.e., Alaska: 

64°43'N, 147°00'W 48°55'N , 122°35 'W 40,45,50,55,60, 
65 ,~70 

Missions Northward from Laughlin A.r.e., Texas: 

48°40'N, 112°20'W 31 °20' N, l00°30'W 40,45 ,50,55, 60, 
65,~70 

A Mission Eastward from Laughlin A.r.e., Texas: 

37°5l'N, l00°00'W 30°25'N, 81°33'W 55 ,65 

Orbit Missions near Amarillo, Texas: 

36°00'N, 102°2o'W ---------------- 20,25,30,35 

Missions Southward from Laughlin A.F.B., Texas: 

31°20'N, 100°25'W 19°00'N, 95°ll'W 55,60,65,~70 

Missions Northward from Albrook A.r.e., Canal Zone: 

20°00'N, 86°25'W 09°00 ' N, 79°20'W 55,60,65,~70 

Missions Southward from Albrook A.r.e., Canal Zone: 

09°10' N, 79°30'W 10°00 1 s, 79°00'W 55,60,65,~70 

Missions Northward from Laverton, Australia: 

15°13'S, 145°00'E 37°00'S , 145°00'E 55,60,65,~70 

18 
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Table 5. Flight Tracks of Star Dust Missions During Late 1963 

Northern Limit 

Missions to the North Pole by RB-52 Aircraft: 

90°00'N 120°00'W , 
Missions Northward from Eielson A,F,B,, Alaska: 

70°10'N 143°40'W , 

Orbit Missions near Eielson A,F,B,, Alaska: 

65°00'N 147°30'W , 
Missions Southward from Eielson A.r.a., Alaska: 

64°43'N 147°00'W , 

Southern Limit 

60°00'N 120°00'W 
' 

64°3S'N 147°00'W , 

Missions Northward from Davis-Monthan A,F,B,, Arizona: 

Orbit Missions near Amarillo, Texas: 

36°00'N, 102 20'W 

Missions Southward from Davis-Monthan A,F,B,, 

31°22'N l00°27'W , 
Missions Northward from Albrook A.f.B., Canal 

20°00'N 86°25'W 
' 

Missions Southward from Albrook A,F,B,, Canal 

09°10'N , 79°30'W 

Missions Northward from Laverton, Australia: 

1s0 00 1s 
' 

14S0 00'E 

Missions Southward from Laverton, Australia: 

37°so'S 
' 

144°4S'E 

20 

Arizona: 

20°oo'N , 96°0S'W 

Zone: 

09°00'N 
' 

79°20'W 

Zone: 

37°oo'S, 145°00'E 

S0°00'S 147°30'E 
' 

Altitudes( Kft. ) 

~40 

39,43,50,55, 
60,65,~70 

20, 25, 30, 35 

39,43,50,55 
60,65,~70 

39,43,50,55, 
60,65,~70 

20, 25, 30, 35 

55,60,65,~70 

55,60,65,~70 

55,60,65,~70 

55,60,65,~70 

55,60,65,~70 
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CHAPTER 3. THE STRATOSPHERIC AEROSOL 

The study of stratospheric particl s was un<lertaken initially in 

Project HASP in order to shed some light upon the physical and chemical 

natures of the material with which world-wid fallout was associated. These 

studies have been continued in Project Star Dust with the same general goals. 

It was considered that continu d ampling woul d provide mor reliable esti­

mates of the temporal and spatial distribution of the particulate matter. 

In late 1961 an improv d air raft-mounted sampling probe b came availabl, 

and with it th opportunity to obtain more d tailed infonnation on the particle 

size-frequ ncy sp trurn. 

This chapter i ncern d with: 

(a) ad scrip ion of th n w prob, its op ration, and its 
coll ction characteristics; 

(b) a description of th m thod of analy is of th particle sizes; 

(c) th pr sentation of th r ults of particl s~mpling in 
Star Du t; 

(d) a discu sion of th results and th ir significanc with 
respect to world-wid fallout. 

Particle Sampling and Analysis 

The basic methods of particl sampling and analysis used during 

Project Star Dust have been the same as thos used during Project HASP; 

the particles were collected by aircraft-mount d dir ct flow impactors, 

and the main analytical tool was electron micro. copy. 

1Jntil October 1961 only th "window" typ of sampler was avail­

able for use on the WU-2 aircraft. At that time two "tip" probes ( see 

Figure 2.1 of Volume 5, Part II, DASA 1300) and three newly designed ''Mark 

III" probes were made available. These probes, shown schematically in 

22 
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Figure 6, were designed by Mr. James E. Manson of Air Force Cambridge Research 

Laboratory. In mid-1962 all Star Dust aircraft were modified to carry the 

Mark III probes, and a total of six were available for use. In all, 70 smnples 

were collected between 5 January 1961 and 12 December 1963. There were 18 

"window", 10 "tip" and 42 Mark 111 samples. For reasons which are discussed 

later, only the "tip" and Mark Ill samples wil be considered in this report. 

Of the total of 52 samples, only 12 were of suitable condition to be sub-

jected to thorough particle size analysis. The reasons for this low yield 

of usable samples will be evident below. 

The basic design features of the Mark Ill impaction probe are 

shown in Figure 6. The impaction area has two different widths. This 

design permits collection of larger particles on the portion with larger 

width without the interference of particles smaller than the "cut-off" 

radius. The narrow portion has, of course, a "cut-off'' at much smaller 

radius. In this work, only the deposit on the small width portion was 

studied. As will be seen later, because of their small size, the major 

fraction of the particles of the stratospheric sulfate aerosol are de­

posited upon the narrow portion of the probe. 

Experience with the "window" impactor was used in the develop­

ment of the improved design of the Marx I I I probe. Below are listed the 

primary new design features and the reasons for adopting them. {See also 

Figure 6.) 

(a) Air-tight housing: This feature, along with the fins, is incorporated 
in the probe to eliminate the condensation of moisture from tropospheric 
air on the hygroscopic particl es collected from thl' stratosphere. The 
main seal is provided by the "o"-ring in the end cap of the sample 
plunger. 
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(b) Fins: Basically these provide a large surface so that the probe may 
quickly come into thermal equilibrium with th~ environment , This pre­
vents water from condensing on the cooler probe when the aircraft de­
scends from the stratosphere into the wanner and moister troposphere , 
Additionally, but not less importantly, a coating of silicone oil is 
applied to the outer surface of the probe to prevent icing , 

(c) Sampling surface extending beyond the probe body: This eliminates the 
"dead air" space which caused peculiar "banding" of the deposit in the 
"window" probe, The resulting surface then approximates a ribbon type 
of impactor rather than a cylinder type. 

(d) Small (1/8 inch)transverse dimension (width) of the impdction surface: 
This pennits collection of pdrtich!S down to 0.14 mj cron rrJdius with 
efficiencies greater than auout 40% at 60 thousand fe et dl ti tude . 
This compares with < 1% for particle s of 0. L4 micron radius for the 
"window11 probe. 

It is to be noted that features ( c) and ( d) are pre~ent in the 

"tip" pro'te, although there are basic differences in the overall shape and 

size of the extensible portions of the two de vice s. 

The field operational aspects of the Mark I I I probe have been 

essentially the same as those of the "window" prohe, dltl1ough the re have l.>1:.: e:ri 

changes in packaging for shipment. 

The preparation of the probes for s c:11np·1 j 11g, the unloading of the 

probes after exposure, and the electrcn microscopic ;-m<l Pl.ectron diffraction 

analyses have been perfonned by Ernest F. f'u] lmn, Inc., SchenPctady, N. Y. 

• The collection surface for a] l sample s co11~.dsts of c1 thin carbon 

film supported by a thick (0.003 to 0.005 inch) film of nitroceJ lulose. 

Three specimen grids from each s ample are pn., pared for electron microscopic 

analysis by placing copper grids benea th the ori g.itid I thick film and dis­

solving the film of nitrocellulose j n v.:ipors of ~myl ..iCt-' 1 ate. The thin 

carbon film with the sample particles a re l e ft support ed 1,y the copper 

grid. Although there is sti1J a "banding" or "pi.J e-up'' effect at the 

,4 
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inboard end of the Hark III probe samples it is not as pronounced as in 

samples from the "window" probe. The micrographs used for determining the 

particle size-frequency distribution are chosen so that proper weighting 

for the "pile-up" is attained in each sample. Nonnally, about 5 to 10 

micrographs, each representing 1440 square microns of sample, are counted. 

Electron diffraction patterns have been obtained for many of the samples. 

25 
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Results of Particle Measurements 

One of the most prominent physical properties of the collected 

particles is their hygroscopicity. In many of the samples the effects 

of reaction with moisture were quite pronourced, causing flattening of 

the particles. Since the probes were air tight, it is believed that the 

particles exist to some extent in association with water in the strat­

osphere. The particles may exist as moist solids or even as droplets in 

extreme cases. The method of correction for the effects of flattening 

of the particles was explained in detail in DASA-1300. 

As in the case of the HASP samples, it was necessary to apply 

theoretical impaction efficiencies6 to the observed ' istributions of 

particle sizes. The impaction parameter, + , was calculated for a given 

particle size according to the defi ition: 

, p V D 
p O p 

18µ D 
C 

where: C - Cunningham correction factor for gas resistance 
exp rienced by small particles, 

D - diameter of the particles, 
p 

D - width of th collector, 
C -

p p - density of the particulate material, 

µ = coefficient of viscosity of the air, 

V = velocity of the free aerosal stream relative to 
0 the collector. 

The theoretical relationship betweenv't and the impaction 

efficiency T] for a hypothetical, infinitesimally thin ribbon, after Ranz 

6 
and Wong , is shown in Figure 7. The values of t were computed for 

particular values of the particle diameter, D, utilizing flight data to 
p 

27 
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obtain C (a function of altitude and D ), V andµ (a function of temperature 
p 0 

only), and using D = 0.32 cm and p • 2 g/cm3. (The actual density of 
C p 

3 3 
anmonium sulfate is 1.78 g/cm while that of a11111onium persulfate is 1.98 g/cm .) 

In this work the value of µ is 1.422 x 10-4 poise, corresponding 

to a temperature of 216.66°K whi~h is the ARDC Model Atmosphere value for 

the stratosphere. A 10°K temperature difference would result in less than 

10% change in the calculated number concentration. The percentage changes 

are smaller for the larger particles which are collected with higher 

efficiencies. 

All of the data pertinent to the computation of the concentrations 

in air of various particle size fractions are shown for each sample in Table 

6. Also shown are flight data and dates of collection. The listed values 

of radius are the mean radii of the class intervals for which the count 

data were determined. The column headed 1/"I is the reciprocal of the 

efficiency. The listed observed frequencies of particles of the various 

classes are multiplied by 
1/"I and divided by the volume of air sc111pled to 

-give the values of ni, the concentrations of particles in the various 

classes. The total number concentration for a sample is found by su11111ing 

the values of ni. The volume concentration, V , is computed by: 

- 4 ~ 
V: 3,,:L, 

Table 7 lists the chemical compositions of various samples as 

detennined by selected area electron diffraction. The data showing the 

locations and collection dates of the samples are given here since some 

of these for which composition was detennined were not analyzed for particle 

size distribution. 

28 
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Table 8 is a SWllllary ~f the particle number an~ volume concentrationa. 

The table contains location and sampling date information, and the ... ples are 

grouped according to altitude. 

Since the variations in the number concentrations appear to be 

quite large, it is desirable to reduce the particle size-frequency distribution• 

to a form which is independent of number concentration. Accordingly, the 

quantity 

f( ) • 1 dfr 
r T d (logr) 

was computed for each size class in each sample. This is simply accom­

plished by dividing each ni by the center difference 8 (log· ri) and by 

n. The results of this calculation are shown in Table 9. The values of 

the distribution functions, f(r), are listed for each ri in each sample and 

the average and median values of f(r) are listed for each ri. The dis­

tribution functions for the individual samples are shown plotted in Figure 

Sa - 1. The average distribution function is plotted in Figure 9. 

The nearly parabolic shape of the average distribution function 

suggests a log-normal distribution. In F.igure 10 is shown a log-probability 

plot of the average distribution function. The straight line drawn among 
' 

the points is a log-nonnal distribution with (geometric) mean radius 

0.275 micron and a geometric standard deviation of 1.37. 
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Isotopes, Inc, 

Table 6. Flight Data and Particle Size Measurements for Star Dust Impactor Samples 

Sample No. 243 Date of Collection: 

Latitude Longitude Altitude TAS 
(feet) (knots) 

32:00N/49:00N 100:00W/112:00W 60,000 410 

Normalized Volume: 8 3 2.140 X 10 cm 

Radius Obs. _4 
- 5 1 n X 10 

(µ) -
(cm-3) TJ Frequency x 10 

(cm -2 ) 

.138 2.43 11.88 135 

.160 2.07 37.44 36?. 

.182 1.81 51.77 438 

.199 1.76 44.15 363 
,224 1.66 73.06 567 
.244 1.60 108.36 810 
.264 1.57 98.20 720 
.282 1.53 101.18 723 
.300 1.46 42.18 288 
. 318 1.43 39.67 265 
. 336 1.40 16.83 110 
. 352 1.38 15.59 100 
. 370 1.36 11.98 76.2 
. 386 1.34 4.92 30.·8 
.402 1.33 5. 32 33.0 
.418 1.31 1.95 11.9 
.432 1.30 4. 73 28.7 
.448 1.28 . 36 2.18 
.462 1.27 .45 2.67 
.478 1.26 .22 1.26 
.492 1.25 .14 o.81 

Number Concentration: -2 -3 5.07 x 10 cm Volume Concentration: 

31 

13 Feb 1962 

Time 
(min) 

169 

V x 105 

3 3 
(µ/cm) 

1.48 
6.15 

11.0 
12.0 
26.6 
49.4 
55.4 
68.0 
32.5 
35 .5 
17.4 
18.2 
16.2 

7. 39 
8.98 
3.63 
9.67 
0.82 
1.10 
0.57 
0.40 

-3 3 3 3.82 x 10 µ /cm 



Isotopes, Inc. 

Table 6. (continued) 

Sample No. 244 

Latitude 

32:00N/49:00N 

Normalized Volume: 

Radius 
(µ) 

.138 

.160 
,182 
.199 
.224 
,244 
.264 
,282 
.300 
. 318 
.336 
. 352 
.370 
. 386 
.402 
.418 
.432 
.448 
.462 
,478 
.492 
,614 

Date of Collection: 13 Feb 1962 

Longitude 

100:00W/112:00W 

8 3 2.24 x 10 cm 

1 -

Altitude 
(feet) 

50,000 

TJ 
Obs. _4 Frequency x 10 

9. 09 
4.59 
3.22 
2.82 
2.30 
2.08 
1.92 
1.83 
1.75 
1.69 
J.65 
1.61 
1.58 
1.54 
1.52 
1.49 
1.47 
1.45 
1.42 
1.40 
1.38 
1.27 

-2 
(cm ) 

1.47 
4,96 
4,26 
6.11 
6.58 

13.90 
18. 76 
23.51 
23.51 
25.08 
17.00 
14.52 

7.06 
6. 74 

,16 
.31 
.31 

,16 
.16 

TAS 
(knots) 

380 

59.5 
102 

60.8 
76. 7 
67.2 

129 
161 
192 
184 
189 
125 
105 

49.6 
46.2 

1.09 
2.06 
2.03 

0,994 
0.914 

Time 
(min) 

191 

- 5 V x 10 
, 3/ 3 ~µ cm ) 

0.654 
1.73 
1,52 
2.53 
3.16 
7.87 

12,4 
18,0 
20.8 
25. 3 
19.8 
19.1 
10.5 
11.1 

0.296 
0.628 
0,684 

0,495 
0.885 

-2 -3 -3 3 3 Number Concentration: 1.55 x 10 cm Volume Concentration: 1.57 x 10 µ / cm 

32 
l 
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Isotopes, Inc. 

Table 6. (continued) 

Sample No, 245 Date of Collection: 13 Mar 1962 

Latitude Longitude Altitude TAS Time 
(feet) (knots) (min) 

48:40N/31:20N 112:20W/100:40W 40,000 324 209 

Nonnalized Volume: 
8 2,09 x 10 cm 3 

Radius 1 
- 5 n X 10 V x 105 

Obs. _4 
(µ) .,, Frequency x 10 (cm-3) (µ3/cm3 ) 

,138 
,160 
,182 
,199 32.26 
,224 6.90 
.244 4.40 
.264 3.41 
.282 2.98 
.300 2,67 
. 318 2.43 
. 336 2.26 
. 352 2.11 
. 370 1.98 
. 386 1.89 
.402 1.84 
,418 1.77 
,432 1.73 
.448 1.69 
,462 1.65 
,478 1.62 
,492 1.59 
.506 1,56 
.520 1.54 

-2 -3 
Number Concentration: 2.62 x 10 cm 

-2 
(cm ) 

3.87 
6.58 
4,00 
3.23 

12.21 
11.95 
24.81 
28.89 
21.06 
24.49 
13,66 
4,00 
1.42 
1.81 

.52 
,13 
,26 
,13 
. 39 

,13 
,13 

33 

616 20.3 
106 4.98 
257 15,7 
194 14.9 
353 33.2 
368 41.6 
245 32.8 
264 41,7 
138 25,1 

37. 8 8,01 
12,8 3.07 
16.0 4. 35 

4.42 1. 35 
1.21 0.41 
2.20 0.83 
1.16 0.48 
3.08 1.40 

1.09 0,59 
1.08 0.64 

-3 3 3 
Volume Concentration: 2,51 x 10 µ /cm 



I sotopes . Inc . 

Table 6. ( continued) 

Sample No . 252 Date of Collection : 19 J un 1962 

Latitude Longitude Altitude TAS Time 
( feet ) ( knots ) (min ) 

31: 15N/48 : 35N l 01: 27W/ 112 : 21W 50,000 384 194 

Nonnalized Volume: 
8 2. 30 x 10 cm 3 

Radius 1 Obs . - 5 V x 10
5 

X 10-4 n X 10 
(µ) '7 Frequency -3 3 3 

) 
- 2 ( cm ) ( µ /cm 

cm 

,138 9.09 8 . 93 353 3. 88 
,160 4 .59 ll , 77 235 4 ,00 
,182 3.2 2 13 . 98 196 4 , 90 
,199 2.82 17 .5 7 215 7. 10 
, 224 2. 30 13 . 73 138 6.49 
, 244 2. 08 0. 87 7. 90 0.48 
, 264 1.92 3. 86 32 . 2 2. 48 
, 282 1.83 15 . 64 124 11 . 6 
. 300 1.75 14,38 109 12 . 3 
.318 1.69 12,28 90 . 2 12 .1 
. 336 1.65 9. 72 69.6 11. 0 
. 352 1. 61 5.10 '.55 . 7 6.5 
. 370 1.58 0.19 1.2b 0 . 27 
. 386 1.54 2. 89 19 .4 4 . 66 
.402 1. 52 4 .91 32.4 8. 81 
.418 1. 49 2.5 0 16 . 2 4.94 
,432 1.47 0. 29 1.91 0.64 
.448 1.45 2 . 70 17 . 0 6.39 
.462 1.42 0. 29 1.85 0 , 76 
.478 1. 40 7. 03 42 . 8 19 . 5 
,492 1. 38 0.19 1.10 0.55 
.506 1.37 2 .so 14 . 9 8 .08 
.520 1.36 2. 31 13 , 6 8 .00 
. 534 1.35 0.19 1.08 0. 69 
.548 1.33 2. 31 13 . 3 9.15 
.5 60 1. 32 0.10 0. 5 3 0. 39 
.574 1.30 
.588 1.29 
. 600 1.28 
.614 1.27 0.10 0.51 0 , 49 

Number Concentration : -2 1. 78 x 10 cm -3 Volume Concentratiun : - 3 3 3 
1 . 56 x 10 µ / cm 



Isotopes, In" . 

Table 6. (continued) 

Sample No. 254 Date of Collection: 12 Jun 1962 

Latitude Longitud,: Altitude TAS Time 
(feet) (knots) (min) 

31:09N/48:35N lCJl:25W/112:22W 55,000 403 175 

Nonnalized Volume: 
8 

2.18 x 10 cm 3 

Radius 1 Obs. _4 
- 5 V x 10

5 
n x !o 

(µ) '} Frequency x 10 (cm-) (µ3/cm3) 
-2 cm 

,138 3.34 4.68 71.8 o. 79 
,160 2.63 9.24 112 1.90 
.182 2.26 11. 74 122 3.05 
,199 2.05 5,19 48.8 1.61 
.224 1.87 6.71 57.6 2. 71 
,244 1.76 16. 72 135 8.24 
.264 1.69 24.25 188 14.5 
.282 1.63 31.51 236 22.2 
.300 1.58 so. 24 364 41.1 
.318 1.54 51.80 366 49.0 
.336 1.51 39. 68 275 43.4 
. 352 1.48 21,95 149 27,1 
. 370 1.45 26.66 177 37.5 
.386 1.42 12.88 83.9 20.1 
,402 1.40 11.61 74.6 20.3 
.418 1.38 2.91 18.5 5.64 
,432 1.37 5.56 34.9 11.8 
,448 1.35 2.78 17.3 6.50 
.462 1.34 
,478 1.32 .13 o. 79 .36 
.492 1.31 
.506 1.30 1.39 8.32 4.51 

Number Concentration: 
-2 -3 

2,54 x 10 cm Volume Concentration: -3 3 3 
3.22 x 10 µ / cm 

35 



Isotopes, Inc. 

Table 6. (continued) 

Sample No. 257 Date of Collection: 26 Jun 1962 

Latitude longitude Altitude TAS Time 
(feet) (knots) (min) 

31:09N/48:17N 101:25W/112:07W 55,000 389 180 

Nonnalized Volume: 8 3 2,lb2 X 10 cm 

Radius 1 - 5 n X 10 V x 10
5 

(µ) TJ 
Ob~.. _4 

Frequency x 10 (cm-3) (µ3/cm3) 

,138 
,160 
,182 
,199 
,224 
,244 
.264 
.282 
.300 
.318 
. 336 
. 352 
. 370 
. 386 
.402 
,418 
,432 
.448 
,462 
,478 
,492 
.506 

Number Concentration: 

-2 (cm ) 

3.57 
2.77 
2.36 
2.12 
1.91 
1.79 
1.72 
1.65 
1.61 
1.56 
1.53 
1.50 
1.46 
1.44 
1.41 

1.39 
1.38 
1.36 
1.35 
1.33 
1.32 
1.30 

-2 -3 2.37 x 10 cm 

0.87 14,3 0.16 
4.93 63.2 1,07 

10 . 92 119 2.98 
9.95 97.5 3.22 
8.01 70.7 3.32 

14,88 123 7.50 
39.24 312 24.0 
59.43 454 42.7 
52. 37 390 44,l 
26.52 191 25.6 
18.62 1 :12 20.8 
19.65 136 24,8 
12.84 86. 7 18 ,4 

9.47 63 .l 15.1 
4,93 32,1 8.73 
3.38 21.7 6.62 
3.38 21.5 7.24 
1.26 7.89 2,97 
1.06 6.62 2,73 
0.87 5.32 2.42 
1.06 6.47 3.22 
2.13 12.7 6.88 

-3 3 3 Volume Concentration: 2,74 x 10 µ /cm 

3 
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Isotopes, Inc. 

Table 6. (continued} 

Sample No: 25 8 Date of Collection: 14 Feb 1963 

Latitude Longitude Altitude TAS Time 
(feet) (knots) (minl, 

39:00 N/45:00N 104:00W/139:00 W 60,000 411 60 

Nomalized Volume: 0.762 8 3 x 10 cm 

- 5 - 5 
Radius 1 Obs. _4 ft X 10 V x 10 - (cm-3) (µ 1/cm3) (µ) TJ Frequency x 10 

-2 cm 

,138 2.43 .77 24,5 0.270 
,160 2.07 4,90 133 2.26 
,182 1.81 5,13 122 3.05 
,199 1.76 6,10 141 4.65 
,224 1.66 16,80 365 17,2 
,244 1.60 24.80 522 31.8 
.264 1.57 66.60 1,370 105 
,282 1.53 62,90 1,260 118 
.300 1.46 47,25 907 102 
,318 1.43 43. 32 812 109 
.336 1.40 27,12 498 78,7 
. 352 1.38 21.90 397 72.2 
. 370 1.36 14,35 256 54.3 
. 386 1.34 17,90 315 75.6 
,402 1.33 5.93 103 28,0 
,4-18 1.31 10,35 178 54,3 
,432 1.30 5,54 94.5 31.8 ,. 

,448 1.28 1.77 29.7 11.2 
• ,462 1.2, 3. 74 63.l 26.0 
,478 1.26 ,97 16.0 7.30 

\ ,492 1.25 2.16 35 .4 17.6 
,506 1.24 ,77 12.5 6.78 
.S20 1, 23 . 39 6.27 3.69 
. 53i1 1. 22 . 39 6,22 3.96 

I Number Concentration: 
' 

-2 -3 7.67 x 10 cm · Volume Concentration: 9,65 x l0-3µ3/cm3 
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Isotopes, Inc. 

?able 6. (continued) 

Sample No. 259 Date of Collection: 19 Feb 1963 

Latitude Longitude Altitude TAS Time 
( feet) (knots) (min) 

31:22N/19:30N 100:29W/95:32W 60,000 406 120 

Nonnalized Volume: 8 3 1.5p X 10 cm 

- 5 V x 105 Radius 1 Obs. 
10-4 n X ·10 

TJ Frequency x -3 3 3 (µ) 
-2 (cm ) (µ /cm ) 

(cm ) 

.138 2.43 16.3 262 2.88 

.160 2.07 40.4 555 9.44 

.182 1.81 27.9 335 8. 38 

.199 1.76 22.3 260 8 .58 

.224 1.66 86.0 948 44.6 

.244 1.60 106.5 1,130 68.9 
,264 1.57 83. 3 865 66.6 
.282 1.53 87 .4 887 83.4 
,300 1.46 31.9 310 35.0 
. 318 1.43 40.9 389 52.1 
. 336 1.40 18 . 3 171 27.0 
. 352 1.38 15,1 138 25.1 
.370 1.36 8 . 6 77.5 16 .4 
.386 1.34 11.8 106 25 .4 
.402 l.~3 8.6 75.8 20.6 
.418 1.31 6.4 56.3 17.2 
.432 1.30 5.9 50.7 17.1 
.448 1.28 .9 7.68 2.89 
.462 1.27 .9 7.62 3.14 
.478 1.26 . 7 5.04 2.30 
.492 1.25 .5 3.75 1.87 
.506 1.24 . 3 2,48 1 . 34 
.520 1,23 .6 4.92 2.89 
.534 1.22 . 2 1.22 o. 776 
,548 1.21 .5 3.63 2.50 
.560 1.20 . 2 1.20 0.881 
.571 1.19 . 2 1.19 0.940 
.588 1.19 .1 1.19 1.01 
.600 1.18 .1 1.18 1.06 
.614 1.18 . 3 2.36 2.28 
.626 1.17 .1 1.17 1.19 
.640 1.16 .1 1 .16 1.28 
.652 1.16 .o 

Number Concentration: -2 -3 
Volume Concentration: -3 3 3 6.62 X 10 cm 5.55 x 10 µ / cm 

38 
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Isotopes, lnc. 

Table 6. (continued) 

Sample No, 265 Date of Collection: 2 Apr 1963 

Latitude longitude Altitude 'fAS Time 

I 
(feet) (knots) (min} 

31:05N/ 32:30N 99:20W/99:50W 60,000 407 60 

~onnalized Volume: 0.7542 x 108 cm 3 

Radius 
(µ) 

,138 
,160 
,182 
,199 
.224 
.244 
.264 
,282 
.300 
,318 
.336 
. 352 
. 370 
. 386 
,402 
,418 
,432 
,448 
,462 
,478 
,492 
.506 
.520 
.534 
,548 
.560 
.574 
.588 
.600 

Number Concentration: 

- 5 -v 105 
1 Obs. _4 n x _]o 3x 3 
17 Frequency x 10 (cm ) (µ /cm ) 

-2 cm 

2,43 0 0 
2,07 0 0 
1.81 0 0 
1.76 3. 7 3 86,9 2,87 
1.66 1.34 29,5 1.39 
1.60 4,87 103 6.28 
1.57 8.68 181 13.9 
1.53 23.55 478 44,9 
1.46 26.87 520 58.8 
1.43 13.94 264 35 .4 
1.40 30.95 574 90,7 
1.38 24,46 448 81,5 
1.36 19,77 356 75,5 
1.34 18.07 321 77,0 
1.33 13,41 236 64.2 
1.31 3.08 53,4 16,3 
1.30 1.67 28,7 9,67 
1.28 .36 6,14 2,31 
1.27 .so 13,4 5,52 
1.26 ,27 4,54 2,07 
1.25 .88 14,6 7.27 
1,24 .44 7.19 3.90 
1.23 .62 10.1 5,94 
1.22 1.15 18.5 11.8 
1.21 .09 1,45 1.00 
1.20 .09 1.44 1.06 
1.19 . 36 5,71 4,51 
1.19 .9 14,2 12.1 
1.18 .9 14,0 12.6 

-2 -3 
3, 79 x 10 cm -3 3 3 

Volume Concentration: 6.48 x 10 µ /cm 

39 
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Isotopes, Inc. 

Table 6. (continued) 

Sample No. 26f Date of Collection: 7 Hay 1963 

Latitude Longitude Al ti.tude TAS Time 
__________________ ....,( __ fe ...... e_t...,) ___ ___..(k_n_o_t_s.._) _____ (m_i_n __ ) ____ ---,. 

30: 40N/ 33: 26N 

Nonnalized Volume: 

99:45W/ 99:30W 

8 3 0.7691 x 10 cm 

60,000 ~415 60 

- 5 n X 10 V x 10
5 Radius 

(µ) 
1 
17 

Obs. _4 Frequency x 10 ( m-3) 3 3 (µ /cm) 

,138 
.160 
.182 
.199 
.224 
.244 
.264 
.282 
.300 
. 318 
.336 
. 352 
.370 
. 386 
.402 
.418 
.432 
.448 
.462 
.478 
.492 
.506 
.520 
.534 
.548 
.560 
.574 
.588 
.600 
.614 
.626 
.640 
.652 
.664 

. 7 32 

Number Concentration: 

2.43 
2.07 
1.81 
1.76 
1.66 
1.60 
1.57 
1.53 
1.46 
1.43 
1.40 
1.38 
1.36 
1.34 
1.33 
1.31 
1.30 
1.28 
1.27 
1.26 
1.25 
1.24 
1.23 
1.22 
1.21 
1.20 
1.19 
1.19 
1.18 
1.18 
1.17 
1.16 
1.16 
1.15 

1.14 

-1 -3 2. 36 x 10 cm 

cm 

0 
0 
0 

-2 

.1.27 
10.16 
21.59 
40.64 
92.71 

140. 97 
130. 81 
139. 70 

97.79 
96.52 
77.47 
93 .98 
68.58 
60.96 
40.64 
40.64 
45.72 
20.32 
19. 05 
17.78 
12.70 
13. 97 

3.81 
13.97 

5. 08 
0 

1.27 
5 .08 
1.27 

0 
1.27 

1.27 

0 
0 
0 

29.0 
219 
449 
830 

1,840 
2, 68 0 
2,430 
2,540 
1,750 
1,710 
1,350 
1,620 
1,170 
1,030 

676 
671 
749 
330 
307 
284 
201 
220 
59.4 

216 
78.5 

0 
19.5 
77.2 
19 . .l 

0 
19.0 

18.8 

0 
0 
0 

0.96 
10.3 
27.4 
63.9 

173 
303 
326 
401 
318 
362 
324 
441 
357 
347 
254 
276 
342 
164 
166 
167 
128 
151 
43.6 

171 
66.7 

0 
18.9 
78.7 
21.0 

0 
23.2 

30.8 

Volume Concentration: 

4 0 

-2 3 3 5.56 x 10 µ /cm 



Isotopes, Inc. 

Table 6. (continued) 

Sample No. 268 

Latitude 

32:00N/33:00N 

Nonnalized Volume: 

Radius 
(µ) 

,138 
,160 
,182 
.199 
,224 
.244 
.264 
,282 
,300 
,318 
.336 
. 352 
. 370 
. 386 
,402 
,418 
.432 
,448 
,462 
,478 
,492 
.506 
.520 
.534 
,548 
.560 
.574 
.588 
.600 
,614 
.626 
,640 
. 652 
.664 
,676 

Longitude 

lll:00W/111:00W 

8 3 o. 769 x 10 cm 

l 
.,, 

2,43 
2.07 
1.81 
1.76 
1.66 
1.60 
1.57 
1.53 
1.46 
1.43 
1.40 
1.38 
1,36 
1.34 
1.33 
1.31 
1.30 
1.28 
1.27 
1.26 
1.25 
1.24 
1,23 
1.22 
1.21 
1.20 
1.19 
1.19 
1.18 
1.18 
1.17 
1.16 
1.16 
1.15 
1.15 

Date of Collection: 30 Jul 1963 

Altitude 
(feet) 

60,000 

Obs. _4 Frequency x 10 
-2 

(cm ) 

0 
12,70 

125. 7 3 
247,65 
167,64 
123,19 

72,39 
58,42 
58,42 
64,77 
43,18 
55,88 
48,26 
35 .56 
34,29 
20,32 
19,05 
13,97 

8,89 
6. 35 

11.43 
6. 35 
2,54 
2,54 
0 

1.27 
5.08 
5.08 
1.27 
1.27 
1.27 

0 
1.27 
1.27 

0 

TAS 
(knots} 

---415 

0 
342 

2,960 
5,670 
3,620 
2,560 
1,480 
1,160 
1,110 
1,200 

786 
1,000 

853 
620 
593 
346 
322 
232 
147 
104 
186 
102 
40.6 
40,3 
0 
19.8 
78.5 
78.5 
19.5 
19,5 
19,3 
0 
19,1 
19,0 
0 

Time 
(min} 

60 

n 
5,81 

74.0 
187 
170 
156 
114 
109 
125 
161 
124 
182 
181 
149 
161 
106 
108 

87.2 
60.6 
47.4 
92.6 
55.3 
23.9 
25.6 

0 
14.5 
62.0 
66.7 
17.6 
18.9 
19.7 

0 
22.2 
23.2 

0 

Number Concentration: 2.57 x 10-l cm-3 Volume Concentration: 2.75 x l0-2µ3/cm3 

41 



Isotopes, Inc. 

Table 6. (continued) 

Sample No. 271 Date of Collection: 13 Aug 1963 . . 

Latitude Longitude Altitude TAS Time 
(feet) (knots) (min) 

32:00N/32:00N lll:00W/ 111:00W 60,000 415 60 

8 3 
I • 

Normalized Volume: 0.769 x 10 cm 

Radius Obs. _4 
- 5 V x 10

5 
1 n X 10 

(µ) r; Frequency x 10 -3 3 3 
-2 

(cm ) (µ/cm) 
cm 

.138 2.43 0 0 

.160 2.07 1.59 42.8 o. 73 

.182 1.81 12.70 299 7.48 

.199 1.76 6. 38 146 4.82 

.224 1.66 22.30 481 22.6 

.244 1.60 17.50 364 22.2 

. 264 1.57 31.80 649 50. 0 

.282 1.53 27.00 537 50.5 

.300 1.46 27.00 512 57.8 

.318 1.43 33.40 621 83.2 

.336 1.40 33.40 608 96.1 

. 352 1. 38 19.10 343 62.4 

. 370 1.36 20. 70 366 77. 6 

.386 1.34 9.55 166 39.8 

.402 1.33 3.17 54.8 14.9 

.418 1.31 3.17 54.9 16.7 

.432 1.30 9.55 161 54.2 

.448 1.28 9.55 159 59.8 

.462 1.27 1.59 26.3 10.8 

.478 1.26 1.59 26.1 11.9 

.492 1.25 0 0 

. . I 

Number Concentration: -2 -3 
5.62 x 10 cm Volume Concentration: -3 3 3 

7.43 x 10 µ /cm 
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Isotopes, Inc. 

Table 7. Composition of Stratospheric Particles in Impaction Samples 

Sample Sampling 
NlDllber Date 

* 

241 25 Jan 62 

242 30 Jan 62 

243 13 Feb 62 

244 13 Feb 62 

245 13 Mar 62 

251 5 Jun 62 

252 19 Jun 62 

254 12 Jun 62 

257 26 Jun 62 

258 14 Feb 63 

259 19 Feb 63 

260 6 Feb 63 

262 21 Feb 63 

S = AmnonilDll Sulfate 

P::: Amnoni\.111 Per Sulfate 

H = Mixture of Sand P 

Altitude 
(Kftl 

69 

60 

60 

50 

40 

60 

50 

55 

55 

60 

60 

65 

65 

43 

- ----- -•··---------' 

Latitude Composition* 

30°N s 
31°- 48°N s 
31°- 48°N s 
31°- 48°N p 

31°- 48°N p 

31°- 48°N p 

31°- 48°N s 
31°- 48°N s 
31°- 48°N H 

39°- 45°N s 
31°- 19 l/2°N s 
32°- 56°N p 

49°- 64°N s 



Isotopes, Inc. 

Table 8. Summary of Particle Number and Volume Concentrations 

Sample Collection Altitude 
- 2 V x 103 
n X 10 

Number Date (Kft) Latitude Longitude (cm-3) (µ3/cm3) 

243 13 Feb 62 60 32:49°N 100°-u2-w 5,07 3.82 

258 14 Feb 63 60 39-45°N 104°-109°W 7.67 9,65 

259 19 Feb 63 60 31:22-19:30N 100:29-95:32W 6.66 5.55 

265 2 Apr 63 60 31:05-32:30N 99: 20-99: sow 3.79 6.48 

266 7 May 63 60 30:40-33:26N 99:45-99:30W 23.6 55.6 

268 30 Jul 63 60 32°-33°N 111°w 25.7 27.5 

271 13 Aug 63 60 32°N 111°w 5.62 7,44 

254 12 Jun 62 55 31:09-48:35N 101:25-112:22W 2.54 3.22 

257 26 Jun 62 55 31:09-48:17N 101:25-112:07W 2.37 2.74 

244 13 Feh 62 50 32°-49°N 100°-112°w 1.55 1.57 

252 19 Jun 62 50 31:15-48:35N 101:27-112:21W 1.78 1.56 

245 13 Mar 62 40 48:40-31: 20N 112:20-100:40W 2.62 2.51 

44 
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FIG. Sa· Sample No. 243 
AH. 60;xxJ ft. 
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FIG. 8b • Sample No. 258 
Alt. 60,000 ft. 
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FIG. 8d • Sample No. 265 
Alt. 60~ ft. 
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FIG. 81 • Sample No. 266 
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FIG If • Sample No. 268 
All 60,000 ft. 
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FIG. 89 • Sample Na. 271 
Alt. 60,000 ft. 
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FIG. 8h • Sample Na. 245 
Alt. 40,000 ft. 
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Evaluation of the Measurement 

Before we undertak the int rpr tation of th results let us attempt 

to evaluate the data in terms of: 

(a) uncertainties introduced by the methods of sampling,measurement 
and computation, 

{b' tte comparison of the present results with some results obtained 
by other workers. 

Uncertain .ies in the Calculations 

The principal sources of uncertainty in the particle size­

concentration data are: 

(1) the selection of possible non-representative areas of the samples 
for electron-microscopic studies, 

(2) the improper correction for the effects of moi sture on the samples, 

{3) the application of the RJnz and Wong semi-empirical theory of 
impaction of fine particles on an ideal ribbon surface, 

(4) possible statistical fluctu~tions from sample to sample because 
of the small number of part~cles contained within particular 
class intervals. 

Of the four sources of uncertainty listed, only item 4 can be 

said to produce non-systematic errors. Ther~ errors are greatest in the 

concentrations and distribution functions for the largest and the smallest 

particles observed on our samples, since these are the least numerous in 

population. The total number concentrations are not greatly affected by 

these statistical errors since the intermediate sizes, which occur with 

greatest frequency in the samples, contribute most to the integral under 

the slze-concentration curves. 
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The uae of non-repreaentative areas of t 1e 111111plea would cau1e 

relatively greater erron in the number concentration• than in the size 

di•tribution functions. The errors from over-correction or under-correction 

for the effects of moisture ( flattening of the particle•) wuld tend to 

affect the estimates of the relative numbers of anall particle• moat. 

This would cauae errors in both the size distribution function and the 

number concentrations. 

Uncertainties exist in the numbers of small particles due also 

to the application of the Ranz and Wong theory of impaction. Conaiatent 

over-correction or under-correction for moisture effects would lead to 

systematic bias of the results, as would errors in the Ranz and Wong 

impaction theory. 

The net uncertainty due to the four sources listed above is 

difficult to assess 11-1antitatively. It can be seen, however, that it•• 

1, 2 and 3 cause the distribution functions and number concentration• to 

be more uncertain for the smaller particles. To 80IDe degree these un­

certainties are reflected in the variations of the experimental value■ 

of~ ffogr in a single column in Table 9. Thus, the value• near the 

peak of the distribution function of the radii o. 282 to o. 318 micron show 

conaiderably less variation than those for the 1111ch smaller or a.ach larger 

radii. However, it must be pointed out that some (undetemi . , portion 

of the variations shown in Table 9 may be due to natural variations in 

production and removal rates of the particles. 
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'11le Comparison of Star Duat Results with Previous Findings 

Perhaps more perspective regarding these variations can be 

gained by comparing the present results with some previous findings by 

other workers. 
7 

In 1961, Junge et al carried out a variety of measure-

ments of the stratospheric aerosol using balloon-born quipm nt. Their 

measurements of the vertical profiles of number concentrations of large 

particles ( 0. 1 < r < 1. O micron) gave a broad uximtan at about 20 km. 

altitude. Since the highest altitude samples during our stu~y was 18.3 

km. (60 thousand feet) we were not able to demonstrate the occurrence 

of peak concentrations in the vicinity of 20 km. However, the drop-off 

of concentrations with decreasing altitude from 18.3 km (see Table 8) is 

in general agreement with the profile of Junge et al. More recent work 

by Newkirk and Eddy8, using light scattering measurements by a balloon­

bonle coronagraph, showed quite clearly that the stratospheric a~rosol 

exists in thin cloud-like laminae. ( imilar conclusions on the ~xistence 

of layers of aerosols in the stratosphere were drawn by several other 

workers. These are reviewed by Newkirk and Eddy . ) Again, our work was 

not intensive enough in time or altitude coverage to demonstrate the 

existence of the aerosol clouds. However, the variations by nearly an 

order of magnitude in number concentrations of the samples from 60 

thousand feet altitude, as shown in Table 8 are consistent with the 

concept of the clouds of aerosols. It would be very difficult to 

attribute all of our observed variations to measurement errors. Since our 

ampling was not sufficiently intensive, the number concentrations in 

Table 8 cannot be used to give reliable time averaged values. 
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In one important aspect the present work is not in agreement with 

previous work. This is in the form of the size distribution function of 

the stratospheric sulfate particles (0.1 < r < 1.0 micron). The details 

of this distribution function constitute, perhaps, the most significant 

finding of this investigation. 
7 

Junge et al, from examination of particles 

collected by balloon-borne impactars, concluded that the radii were distri­

buted approximately according to: 

dn / d (logr) 

or equivalently: 

dn/dr 

a: - 2 
r ' 

-3 a: r 

foT the range 0.1 < r < 1.0 micron. Figure 11 shows their distribution 

and the distribution found in th pr sen~- wrk. T~:e latter is nearly 

log-nonnal. 
dn -3 

In Figure 11 the ordinate d(logr) has unite of cm and 

a particular point on a curve repr sents the number of particles per 

cubic centimeter per unit of logr. The curve labeled "Star Dust" cor­

responds to the average distribution function of Figure 9, and the median 

- -3 
value of n at 60 thousand feet altitude, namely 0.066 cm • Also shown in 

Figure 11 are limits of uncertainty estimated by Junge et al for their 

curve, and estimated for the present work based on variations as illus­

trated in Table 9 and discussed above. It can be readily seen from 

Figure 11 that the main region of discrepancy is for r < 0.2 micron. 

It is also to be noted that there is a real discrepancy _in the 

shapes of the two distributions shown in Figure 11. The regioos of 

uncertainty for the Star Dust distribution_are based primarily on the 
1 __ dn~-

variations in the absolute values of T d(logr) about the mean value 

and do not completely indicate the reliability of the shape of the 
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di1tribution. Our confidence in the general shape of the size distribution 

function obtained in the present wrk is based on the occurrence of the 

peak in the distribution curves of all samples within one class interval 

of the location of the peak in the mean distribution function. 

It is apparent that the discrepancy between the tw distributions 

in Figure 11 is due to one or more systematic errors of the types previously 

enumerated. 'nle most probable cause is the correction (or lack thereof) 

for the effects of moisture in flattening the particles. In fact Junge 

7 et al point out that they made no effort to apply any correction for this 

effect, and the sizes were recorded as they appeared on the samples. In 

many s•ples where the effects of moisture were prominent the typical 

patterns seen were of "large" flat particles surrounded by "halos" of 

81118ller particles. {See DASA 1300, Volume 5, Part 11 for illustrations 

of such pattema.) In the present wrk, the smaller satellite particles 

were not included in the counting. If, as wuld appear to be true, Junge 

et al included these smaller particles (usually in the range of radius 

0.1 to 0.2 micron) in their count, then the discrepancy in the size 

diatribution functions is qualitatively explained. 

8 In their recent wrk, Newkirk and Eddy assumed in the manner 

of Junge et al, the functional fonn of the size-concentration distribution 

to be: 

• (r/r2f8 n no 

with 8 = 0 for r ~ r2 

8 > 0 for r > r2 
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where r 2 is some fixed radius. Their experimental results were then used 

to find values of n and 8 , which later were found to be in substantial 
0 

7 
agreement with the values found by Junge et a1 · . [n light of the prese~t 

results of the size distribution function, Newkirk and Eddy's results can­

not be taken as verification of the distribution of llungc et al. 

To clarify tile i ssue lt~r~ it must be stated that sufficient 

uncertainties currently exist so that the prese nt results, as well as 

previously ohtained results, 6hould not b1-! made the basis for extensive 

computations of effects of the stratospheric at:>rosoL lt should also be 

pointed out that the size distribution function is a basic ingredient in 

the studies of the aerosol . Without a rt:a~onable estimate of this function 

no finn conclusions concerning th~ dt1tc1ils of t: he origin, physical be­

havior and removal of the particles can be r~aehed. 

Junge and his coworkers 
7

' 
9, i11 e xp, .. rimt~rits with balloon-borne 

Aitken nuclei counte:rs,found that th1:1 t otc:1 1 p;;Jrt-ic] e concentration de­

creases quite rapidly wi t h height ahov~ t 11 ♦ ·' t ropopau8e for the first 

few kilomebirs and then ri-.~mai ns on t hP order of dhout 1 cm - ·
3 

at least 

up to about 100 thousand feet aJ ti tude. The Aitken nuclei are smaller 

than 0.1 micron rddius and would thus t1ot have hetn collected with appre­

ciable efficiency by th(! impactor s usf:!d in t ht:• Star Dust program. If the 

distribution functi. on and m1mh1" r cor,cent rc1tions found in the present work 

are correct, then in tl11:> n•gion of radius lt'SS then 0.1 micron the fre­

quency (or number concentration t·xvres ·ed, e.g ., as dn/d(logr) must in­

crease again so that t-he total numher concentration will agree with the 

Aitken nuclei concentration. There is no di.rPct evidence available con-

cerni.ng the average size of t he Aitken nuclei. 
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estimated that a radius of 0.04 micron would be consistent with some theo­

retical considerations of mixing by turbulent diffusion from a tropospheric 

source . Thus it may be that the actual distribution of particle sizes in 

the stratoaphere is bimodal with peaks at 0.3 micron and in the vicinity 

of O. 04 micron radius. 
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The Origin of the Stratospheric Aerosol 

We now turn our attention to consideration of the origin and 

history of stratospheric aerosol particles. On the basis of origin, three 

basic types of stratospheric particles may be distinguished, uamel:, : 

(1) Aitken nuclei with r < 0.1 micron, 

( 2) sulfate particles ( or "large particles" based on size 
category) with 0.1 < r < 1.0 micron, and 

(3) extraterrestrial particles with radii of all sizes. 
(Only those with r? 1 micron are clearly discernible in 
direct samples since the sulfate particles dominate the 
population for r < 1 micron.) 

Junge and his coworkers7' 9 have shown beyond doubt that the 

Aitken nuclei in the stratosphere are primarily of tropospheric origin 

and that they are probably introduced into the stratosphere by vertical 

eddy diffusion across the tropopause . The finding s of ,Junge et a17, iJunge 
10 1 

and Manson , Friend et al and tlH? present work constitute strong evidence 

that the sulfate particles, which compri se an overwhelming proponderance 

of the mass of solid material in the stratosph t:! re , have their origin in 

the stratosphere. 

This conclusion is mainly based upon composition data and upon 

the peak in the vertical profi le of particle concentrations which is 

observed at about 20 km. altitude . , 11 12 Ladle and Junge have suggested 

that the sulfate particles result from photochemical oxidation of so2 in 

the stratosphere . The so2 i s of troposph ~.? ric origin. (See .Junge 13 for 

a discussion of S02 in the tropo l::. phen~. ) The first steps i.n the pro · 

duction of the ae rosol would be 

02 + h II 2 0 ( V - 1751-12 00 °A) 

0 + S0
2 

+ M --
so3 

+ H
2
0 
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Exactly how NH4+ (or possibly NH3) enters into the reaction to produce (NH4)2 

so4 is not understood, Similar c011111ents pertain to the fomation of the 

persulfate (NH4)2 s2o8. 1'his latter compound has two so4 groups connected 

by a peroxide type linkage. Perhaps ozone plays a role in its production. 

It is not known what role, if any, the Aitken nuclei may play 

in the fonnation and growth of the sulfate particles. Perhaps some 

fraction or particular : type of the. Aitken~ nuclei , either constitute· a ·. very 

efficient third body (M) in the photochemical oxidation of so2, or they 

may be carriers for so2, or both. The Aitken nuclei may then become 

the centers of reaction so that the sulfate particles grow on thPm by 

condensation. 

The shape of the particle size spectrum for radii greater than 

0.3 micron may be explained by a quasi-stationary state in condensation­

sedimentation processes. 

Beyond these tentative suggestions no further speculation 

can be made concerning the mechanism of production and removal of the 

stratospheric aerosol particles. In all probability the exact mechaniem, 

once understood, will account for all details of the shape of the dis­

tribution function of the particles, 

The Association of Nuclear Debris with the Stratospheric Aeros~.1 

In order to provide some insight into the possible association 

of nuclear debris with the stratospheric aerosol particles crude cal­

culations of the coagulation half-times using the Smoluchowski relationship 

and analytical approximations to the Star Dust size-concentration distri­

bution were carried out in a manner similar to that of Manion14. Our 
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calculations give half-times similar to those of Hanson and show, e.g. that 

particles of 0.01 micron radius or less should quickly (relative to the 

time scale of air motions in the stratosphere) become attached primarily 

to the Aitken nuclei. The calculated value of the removal half-time for 

a particle of debris with a 0.01 micron radius by the natural aerosol 

at 20 km altitude is about 100 days. For debris particles of 0.001 micron 

radius the removal half-time is about 3 hours. One interesting result of 

the coagulation rate calculations was that a small fraction (about 1% or so) 

of the debris particles with r < 0.001 micron would be removed by the 

aerosol particles with radius greater than 0.3 micron, but a very much 

smaller fraction would be removed by aerosol particles with o. 1 < r < O. 3 

micron. Thus there is presented a rather peculiar possibility that rel­

atively fresh nuclear debris which had been injected into the stratosphere, 

might be found to a large extent on particles with r < 0.1 micron, to a 

smaller extent on particles with r > 0.3 micron, but to practically no 

extent on particles with 0.1 < r < 0.3 micron. 

In conclusion it should be stated that there still remains much 

work to be done before we will have gained knowledge concerning the detailed 

history of the particles of nuclear debris in the stratosphere from the 

moment of introduction to the moment of removal. We have, however, gained 

some knowledge of the nature of the microscopic environment in which the 

nuclear debris wM ch constitutes world wi.c!P falluut exists. 
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CHAPTER 4. RADIOCHEMICAL ANALYSES OF STAR DUST FILTER SAMl?LES 

The filter samples of stratospheric and tropospheric air collected 

during Project Star Dust are analyzed radiometrically and radiochemically to 

detennine the concentrations of various natural and artificial radionuclides 

in the sampled air. 

The Purpose and Plan of the Filter Analyses 

The plan followed in the radiochemical analysis of the Star Dust filter 

samples has been designed to ac complish two basic purposes: (1) the acquisition 

of data 0n atmospheric diffusion and circulation needed in the de ;elopment of 

the Star Dust model, and (2) the delineation of the distribution of the nuclear debris 

in the stratosphere to permit the calculation of the stratospheric burden of such 

debris. The second of these purposes might bL· accomplished adequately if the 

analysis of the filter samples was limited to the m~asurement of sti-ontium-90 

and a few other fission products and "tracer" nuclides to delineate debris of 

different origins. In order to accomplish !. ·no. first of these pu ... ·;-nQf!S, however; 

it is desirable that the st·ratosphel'.".i c concentra, ions of a numher of natural 

and artificial activities be measured. Thu3 natural a'-- · ivities, such as beryllium-7, 

lead-210 and polonium-210, and products of :1eutron activat10:' . such as tungsten-185, 

rhodium-102, manganese-54 and antimony-J.24, have been measured ii . ...,any Star Dust 

&amples. 

As soon as a filter sample is received at Isotopes, Inc. a disk, 

2. Su cm in diameter, is cut from the samµle aml ii:; subsequently beta-counted to 

determine the level of activity in the filter. The resulting information is used 

to detect pos~ible sampling malfunctions or sample mix-ups as well as to group 

filters into composite samples for radiochemical analysis. ~ few filter samples 

are also selected each month for measurement on the 400 channel gamma spectrometer. 

The total gamma spectra reveal the relative abundances in the samples of some 
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radionu~lides of special interest, such as barium-140, antimony-124, manganese-54 

and yttrium-88. Thus these spectra are used in deciding whether short-lived fis~ion 

products, such as barium-140, iodine-131 and molybdenum-99, or tracer nuclides, 

such as antimony-124 and yttrium-88, should be measured radiochemically in the 

samples collected in particular stratospheric regions. 

The program of radiochemical analyses has evolved into a system which 

includes four basic sample groups. These are designated the ''SF" group, which 

consists mainly of fission products , the "SZ" group, which consists mainly of 

products of neutron activation produced during the 1961 and 1962 Soviet test 

series, the "ST" group, which consists mainly of natural and artificial "tracer" 

nuclides, and the "SQ" group, which consists of long-lived potentially hazardous 

nuclides. Strontium-90 is included in all groups to provide cross-checking of 

data when aliquots of a set of filtP.rs ar2 included in samples of more than one 

group. 

An attempt has been mach~ during Pro,;ect 8tcir Dust tu reach a compromise 

between the desire to obtain detailed information on thP. stratospheric con­

centrations of many nuclides and the neCf!S~ i.ty of' keeving the cost uf the amily­

tical program within reasonable bounds. During Project HASP almost every usable 

filter sample was analyzed individually for it s content of fission products. 

Grouping of filters into composite samples was limited mainly to analyses of 

tr.acer nuclides such as r.hodium-102, phosphorus-3::! and, in the later stages of 

the program, tungsten-185 which could not hP measun,d i.n individual filters. 

During Project Star Dust, however, aliquots of filters have been combined to 

form composite samples for radiochem·ical analysis, nigaruless of the levels of 

activity involved, whenever thP Joss of detailed knowledge caused by this com­

bination could be justified. ThP meridional gra<lients of nuclide concentrations 

have generally not been ste<:.>p except dur.i ng or immediately after periods of 
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weapons testing, or in the vicinity of the tropopause, Thus it has visually 

been possible to combine, for analysis, filters collected at a single altitude 

but over a range of latitude. The vertical concentration gradients have fre­

quently been rather steep, and since most missions have involved horizontal 

flight tracks the general rule followed has been not to combine filters collected 

at significantly different altitudes. Where a series of closely spaced altitudes 

has been sampled, as during some orbit missions flown at maximum altitude, the 

total beta activiti,es have been used to distinguish significant breaks in the 

vertical profile and filters have been combined accordingly. 

A major aim of Project Star Dust has been the monitoring of the strato­

spheric burden of nuclear debris in general, and of strontium-90 in particular. 

Thus almost all usable filter samples received, at least before mid-1963, have 

been analyzed for strontium-90 and for one or more additional fission products, 

Since the end of the 1958-1961 test moratorium this has meant the inclusion of 

aliquots of almost all filters in samples in the "SF" group. Usually only a 

single quadrant of each filter has been used for these fission product ("SF") 

analyses. Additional quadrants of many samples have been used in preparing 

samples in the "SZ", "ST" and "SQ" groupi. Many portions of filters or whole 

filters have been supplied to other government agencies or their contractors 

to be used in other research programs. 

The specific nuclides included within the analytical scheme of each 

sample group has varied from time to time, but these schemes have gradually 

evolved into a more permanent pattern as the potential usefulness and inherent 

limitations of each analysis have become clear. The "SF" group has included 

samples measured only for strontium-90 and cerium-144, but such samples have 

generally consisted of filters collected in tropospheric air characterized by 

very low activities. Almost all "SFn samples containing filters collected since 
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the first interception of debris from the 1961 Soviet tests have included 

shorter-lived fission products, such as strontium-89 or zirconium-95 in their 

analytical schemes. During much of the period since October 1961, cerium-141 

and barium-140 have also been included, and a number of samples which contained 

very fresh debris were also analyzed for molybdenum-99 and iodine-131. During 

1963 promethium-147, yttrium-91, yttrium-BB and silver-110 (the last two are 

products of neutron acti.vation rather than ·f:i ssion products) were added to the 

analytical scheme of a set of "Sl'" samples selected from a range of latitudes 

and longitudes. Thi.s was done to provide a monitoring of stratospheric con­

centrations of these nuclides until their importance coul<l he evaluated. 

The selection of filters to be included :in "SZ'T, "ST" and "SQ" samples 

has also been based on the desire to monitor stratospheric concentrations of 

the nuclides analyzed in these samples at a series of latitudes and altitudes. 

When it became apparent that the 1961 Sov:iet: t es t series had produced unusually 

large amounts of neutron activation products, the analytical scheme of the "S7" 

group of samples was designed t o ineludP lllf~asurem,.!nts of strontium-90, man­

ganese-54, iron-55, iron-59, cobalt-57, coualt-58, cobalt-60 and thallium-204. 

Antimony-124 and antimony-125 were added whE:m the activity of antimony-124 

fell below the limits of detection in thP tota l gamma spEictra oF untreated 

filters. Following the injection of cadmi wn-109 into the upper atmosphere by 

the 9 July 1962 rocket shot Starfish, thi.s nuclide was added to the analytical 

scheme of some "SZ" samples. JiatPr cadmium-lJ) \m and cadrnium-115m were also 

added when the presence of these nuclides in stratosphPri c debris became apparent. 

During the first few months of Pro,ject Star Dust most samples belonged 

to the "ST" group since data for the tracer nuclides rhodium-102, tungsten-181, 

beryllium-7, lead-210 and polonium-210 appeared to be more likely to prove of 

value in the development an<l testing of the Star Dust model than did data for 
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the lon~-lived fission products still measurable in str1tospheric air aaaple1. 

Strontium-90 and cerium-144 were the only fission products analyzed in these 

samples. Once fresh debris from the 1961 Soviet tests reached the Star Duat 

sampling corridor, however, the value of measurements of these nuclide• diainished, 

both because of the relatively greater importance of obtaining information re­

garding the spread of debris from the Soviet tests and because of the added 

difficulty of analyzing low activities of the tracers in the presence of fission 

product contaminants. Tungsten-185 was added to the analytical scheme of some 

"ST" samples during period of testing, but concentraticns COlll)arable to those 

found during 1958 and 1959 were never found. From late 1961 to early 1963 only 

strontium-90, beryllium-7, lead-210, polonium-210 and rhodium-102 have been 

measured routinely in "ST" samples. During early 1963 the entire ffST" analytical 

scheme was revised with rhodium-102, lead-210 and polonium-210 being dropped in 

favor of the cosmic ray products phosphorus-32, phosphorus-33 and sodilll-22. 

Tile new analytical scheme will be described in a future report. 

Periodically a series of filters are taken for analysis as "SQ" 

samples. Tilese are analyzed for cesium-137 and plutonium as well as for stron­

tium-90, following the analytical scheme developed during Project HASP. The 

existence of the ''SQ" samples as a group rather than having cesium-137 and 

plutonium included in the analytical scheme of some other group is justified 

only because the "SQ" analytical scheme already exists, and because neither of 

these nuclides need be measured too often. The Cs137/Sr90 ratio shows little 

variati n in stratospheric debris with either time, latitude or altitude. The 

Pu/Sr90 ratio has shown some variation with the source of the measured debris, 

but the plutonium isotopes measured have very long half lives and they have 

been produced by so many test series since 1952 that their use as tracers 

appears impractic~ble. Thus cesium-137 and plutonium concentrations are 
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monitored chiefly because of the potential hazard created by their presence in 

fr1llout. 

Succeeding sections in this chapter present the detailed radiochemical 

procedures used in ana ly zing Star Du&t filter sampJes . An out1i ne of the radio­

metric procedures ust"!d i -3 gi. ven at t h1'! end of the chapter. 

Sample Pret reatment 

Upon arri va l at I sut upe~, Ttic . ~ Pac: 11 !'ilt r•r paper js. giVt:1 11 a code 

nwnber and 1.IIE• coJ..lecti c,n data aceurnpan_,1.:i t1!! thr. CiJtt"~r ar,.-' t'Pl'urded. NormaJ.ly 

within 8 few lwur::i aft (•J" it :, a 1·ri\: a l ;J small c~ . dfJ Clll d ·ianu~ter) di::,k for total 

beta is cut f1·om each fil i'::'l'. J'llf' di s k i s bt~ta a::isay1:•d in an autL1matic sarnpJ.E• 

changer for a J..S mi. n11te cu ur!Uni.; ptc> rjod. EJl'h d.i :: k :i s ruut ineJy ::: cheuuled for 

In addHion 10 re111ovi11g thl:' smal.1 (~ - ~L1 em diwnc t<:' r) d isk for total 

beta assay, three ;.~ •• i_nc'1 dian1Ptr•r d i~k<::, ar,-• 1•prnriv 1-•d !'ru111 f. ,.' li=>cted ::~amplPs for 

Na! (Tl) cry~ tal. l'hc lio Jd t•r a::~ un,•:: a 1·eprodt1ci bJ. e gt:1,11111-•try fo r all !:.amp.les, 

Radioassay i s at two '='l''tt ing,:-, , ont• tu cr,v .. ,r "l1PrJ2i1 •~ 11v tu approx imatPJ y ~. 3 

Mev and anotl1 1:!r tn cnvpr onl y 1-•n1·rgit1~ 11p tu a1•pr11 '. .i11w1 1:: .l _y (1 . 9 Mt•v. Counting 

A::, h:in P Proe..,dun• __ :!;)._ , _______ _ __ _ 

Upon L"omph-?t i u r1 , ,t· 1. h, ... h ,ta J lwta a~ s ay, H i ~ po~s i ble tu clt1terrrd ne 

the typ-= of analy-si ~ r t>qu irf' d fur a part-ic11lcH cc impu :-- it e :-:ample. ThPn the 

following dh;:::o luhon procerlu 1·e i s 11ti .l.izf-'d prPparat-c,r~• tu radiochemical 

separati.on and puri fi cation: 

·- ' 
' -· 

--- - - ------ -~ &11111,lli,.; -..iii~~ 
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1. Cut the filter papers into small squares approximately two inches on a 

side and place in a 1 liter beaker (See Notes 1 and 2). 

2. Slowly add 400 ml of fuming nitric acid and allow the mixture to stand 

for 30 minutes. 

3. Evaporate the solution to approximately SO ml, add another so. ml of 

fuming nitric acid and evaporate to a volume of approximately 25 ml. 

4. Add 25 ml of 70% HC104 and 25 ml of concentrated HN03 and evaporate 

to white fumes of perchloric acid. 

5. Transfer the solution to a 100 ml Teflon beaker (See Note 3) using 

7M HN03 as transfer agent. Thoroughly wash the glass beaker several 

times with 7M HN03 and combine the washings with the solution in the 

Teflon beaker. 

6. Add 10 ml of concentrated HF and evaporate to white fumes of HCl04. 

Repeat the concentrated HF addition and evaporation to fumes of HC104 

two additonal times. Finally evaporate to a volume of approximately 

2 ml. 

7. Depending on the type of analysis desired prepare the final solution by 

one of the following methods: 

(a) If polonium-210 is to be determined, as in some samples in the 

"ST" group, the 2 ml of solution is transferred to a 150 ml 

glass beaker using O . .S.M HCl as the transfer agent. Wash the 

Teflon beaker with O.SM HCl until virtually all residual 

activity is removed (See Note 4). Combine all washings with 

the solution in the 150 ml glass beaker. 

(b) If antimony-124, 125 is to be determined, as in samples in the 

"SZ11 group, the 2 ml of solution is transferred to a 25 ml volumetric 

flask utilizing 3M HCl as the transfer agent. Wash the Teflon 
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beaker with 3M HCl until virtually no residual activity remains. 

Combine all washings with the solution in the volumetric flask. 

(c) If no polonium-210 or antimony-124, 125 analysis is required, as in 

samples in the ffSF"' and "SQ"' groups, transfer the solution to a 150 ml 

glass beaker utilizing 7M HN03 as transfer agent. Wash the Teflon 

beaker with 7N HNO3 until virtually no residual ac:ivity remains 

(S_ee . Not~ 4). Combine all washings with the solution in the volu­

metric flask. 

Note 1. If antimony-124, 125 analysis is required, 30 mg of 

standardized antimony carrier are added directly to the cut filter paper. 

The carrier is added because experimental work has shown a 10 to 20% loss due 

to volatility during wet ashing. 

Note 2. In order to minimize the cross contamination of sanples with 

low activity levels by samples with higher activity levels, two types of equip­

ment are employed. Pyrex glassware is used for samples which exhibit greater 
4 

than 1 x 10 total beta counts per minute; Kimax glassware is used for samples 

which exhibit less than 1 x 104 total beta counts per minute. The Teflon beakers 

are also segregated by the same criterion as the glass equipment. 

Note 3. Monitor the Teflon beakers in a beta counter prior to use. 

Note 4. Monitor the Teflon beaker in a beta counter after the washings. 

The measuremE.:nt is required to determine if any significant amount of activity 

remains. If greater than 0.1% of the gross beta activity remains, wash the 

beaker with the appropriate washing acid until an activity below this level is 

attained. 
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Sequential Radiochemical Separation of Strontium-89 1 90~ Yttrium-91 1 Zirconium-95 1 

Molybdenurn-99 1 Barium-140 and Cerium-141 1 144 

After the addition of carriers, an hydroxycarbonate precipitation is used 

to separate molybdenum,. which remains in the supernate. After dissolution of the 

hydroxycarbonates, the addition of ammonium hydroxide coprecipitates cerium and 

yttrium hydroxides. The supernate, containing barium and strontium activities, is 

buffered and barium chromate is precipitated. The strontillll fraction is further 

purified by several ferric hydroxide scavengings, and the yttrium-90 is milked 

after an appropriate growth period. A flow chart is shown in Figure 12. 

1. To the filter paper solution contained in a 40 ml centrifuge tube 

add 20 mg eadi of strontium, cerium and barium carriers. Also add 10 mg each of 

zirconium, yt trium and molybdenum carriers. 

2. Add 1 ml of SM NH20H. HCl dropwi se and stir carefully during the 

addition (Note 1). Evaporate the solution to a volume of approximately 10 ml 

and transfer to a 40 ml glass centifuge tube using water as a transfer agent. 

3. Add 50% NaOH until pH 9-10 is obtained and place in a hot water 

bath. Add 10 ml of saturated Na
2
co3 solution, with stirring, and allow the pre­

cipitate to digest for 5-10 minutes in the hot water bath. 

4. Cool the mixture to room temperature, centrifuge and decant the 

supernate into a 250 ml beaker. Reserve the supernate for the rnolybdenum-99 

purification procedure. 

5. Wash the precipitate with 5 ml of water containing a few drops of 

50% NaOH, centrifuge and add the wash solution to the molybdenum-99 fraction. 

6. Dissolve the hydroxycarbonate precipitate in 5 ml of 6M HN0
3. 

Boil over a flame for 2 minutes to rid the solution of CO2. 
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7. Repeat steps 3 to 6 combining all supernates with the molybdenum-99 

fraction. 

s. Dilute the solution from step 6 to 10 ml with water and add 2 ml of 

saturated phenylarsonfc acid solution (f As03H2). Uigest in a hot water bath 

until the zirconium phenylarsonate precipitate settles out (aJout 20 minutes). 

9. Cool the mixture to room temperature, add a drop of aerosol reagent, 

and centrifuge thoroughly. Decant the supernate into a 40 ml centrifuge tube 

and reserve the precipitate for the zirconium-95 purification procedure described 

in DASA 1300, Volume 1, page 121 (1961). 

10. To the supernate from step 9, add concentrated NH40H until Ce(OH)3 

and Y(OH) 3 precipitate. Place in a hot water bath for several minutes, cool to 

room temperature, centrifuge and reserve the supernate by decanting into a 40 ml 

centrifuge tube. 

11. To the Ce(OH) 3 and Y(OH) 3 precipitate add 5 ml of 6M HN03, Boil 

over a flame to remove any CO2 and again precipitate Ce(OH)
3 

and Y(OH) 3 with 

concentrated NH40H. Digest in a hot water bath for several minutes, centrifuge 

and combine the supernate with the supernate from step 10. Reserve the Ce(OH)3 

and Y(OH) 3 precipitate for cerium-141, 144 and yttrium-91 purification procedures 

as described in DASA 1300, Volume 1, pages 119 and 140 (1961). 

12. 

carrier. 

+3 
To the combined supernates from steps 10 and 11, edd 5 mg of Fe 

Add concentrated HCl dropwise with stirring until the solution clears 

and then make basi.c with concentrated NH40H until the precipitate reappears. 

(If the precipitate is slow in fonning, place in a hot water bath for several 

minutes.) Centrifuge and transfer the supernate to a 40 ml centrifuge tube. 

Discard the precipitate. 

13. Again add 5 mg of Fe+3 carrier and repeat step 12. 
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14 , To the supernate from step 13, add sufficient concentrated NH40H to 

exceed pH above 8.5. Heat the solution in a hot water bath and add 10 ml of 

saturated Na 2co3 with stirring. Digest until the precipitate settles, cool to 

room temperature in a water bath, centrifuge and discard the supernate. 

15, To the carbonate precipitate from step 14, add 5 ml of 6M HN03 

and boil over a flame for about 2 minutes to remove alJ the CO2. 

16. Cool the solution to room temperature and add 4-5 drops of alizarin. 

Add 6M NH40H until a color change from yellow to violet occurs. 

17. Add 5 ml of "barium buffer solution" and heat nearly to boiling. 

Add 1 ml of J.,5H Na 2Cr04 (via pipette) with stirring and digest in a hot water 

bath until the BaCrO 4 settles . 

18. Cool the solution to room temperature, centrifug~ and decant the 

supernate into a 40 ml centrifuge tube. Reserve the BaCr04 for the barium-140 

purification procedure described in DASA 1300, Volume 1, page 135 (1961). 

19, To the supernate from step 18, add 5 ml of concentrated NH40H with 

stirring. (The pH of the solution should he above 8.5.) Heat in a hot water 

bath for several minutes and add 10 ml of 8aturated Na 2co3 with stirring. 

20. Digest i.n a hot water bath for 10 to 15 minutes until the SrC03 

precipitate settles, cool to room temperature, centrifuge and discard the 

supernate. 

21. Dissolve the precipitate .in 5 ml of concentrated HN03 and boil over 

a flame to remove all CO2. Cool in an ice bath for 5 minutes (Note 2). Add 

two to three drops of fuming nitric acid, centrifuge and discard the supernate. 

+3 
22. Dissolve the precipitate in 15 ml of water. Add 5 mg of Fe 

carrier and make basic with concentrnted NH40H until Fe(OH)3 precipitates. 

Centrifuge and transfer the supernate to a clean 40 ml centrifuge tube. 
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Discard the precipitate. Record the date and time of this last ·re (OH)3 

scavenge. (This represents the starting time of yttrium-90 growthJ 

23. Acidify the supernate from step 22 with concentrated HCl and add, 

via pipette, 10 mg (1 ml) of standardized yttrium carrier. Set aside for 

yttrium-strontium separation. (Allow at least 3 days for sufficient yttrium-90 

growth.) 

24, To the solution which has been set aside for at least 3 days, add 

7-8 drops of meta cresol purple indicator, stir well and make basic with 6H 

NH40H until one drop causes a color change from yellow to purple (pH 7.6). 

25. Digest in a hot water bath for about 10 -minutes, cool to room 

temperature, immediately centrifuge the Y(OH) 3 precipitate and decant the 

supernate into a 40 ml centrifuge tube. Reserve the super~ate for strontium-89 

analysis, Record the time and date of "milking", i.e. when the supernate 

(strontium fraction) is decanted. 

26. Wash the Y(OH) 3 precipitate wi.th 3 ml of water, using a stirring 

rod to slurry the precipitate. Centrifuge and combine the supernate with 

the "strontium supernate" from step 25. Retain the Y(OH)3 precipitate for the 

yttrium-90 purification procedure described in DASA 1300, Volume 1, page 117 

(1961). 

27. Reserve the combined supernates from -,steps 25 and 26 for the 

strontium-89, 90 purification procedure as described in DASA 1300, Volume 1, 

page 118 (1961). 

Note 1. Effervescence should occur at this point. If it does not, 

heat the solution and carefully add 1-2 drops of concentrated HN03
. 

Note 2. Sr(N03)2 will precipitate. The fuming nitric acid step 

separates strontium from calcium, 
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Iodine-131 Purification Froceduri
5 

Some of the " F" saq>les analyzed for short-lived fission products, such 

as molybdenum-99 and barium-140, have also been analyzed for iodine-131. The 

iodine-131 analysis has been perfonned using a separate portion of the filters to 

avoid introducing complications into the sequential analysis. 

A portion of the previously untreated filter paper is digested in fuming 

nitric acid with iodide and iodate carriers. All oxidation states are converted 

to iodine with sodium nitrite and the iodine is distilled into sodium bisulfite 

where it is reduced to the iodide. Purification is further accomplished by ex­

tractions into carbon tetrachloride. The iodine is precipitated as palladium 

iodide and the activity assayed for the 8.05 day iodine-131, 

The step-by-step procedure is as follows: 

1. Cut a quadrant of filter paper into 1/2 inch squares and place in a distilling 

flask (Note 1) the side anns of which are stoppered. Chill the flask in an 

ice bath and add 5 ml of concentrated HCl, 14 mg of iodate carrier (Note 2) 

and 10 mg of iodide carrier. Add 45 ml of chilled fuming HN03 (Note 3) and 

allow the solution to stand in a hood overnight so that the filter paper is 

completely dissolved and a clear solution is obtained. 

2. Place 25 ml of 6H NaOH and 5 ml of lH NaHS03 in the receiving tube of the 

distillation apparatus, connect the distilling flask to the receiving tube 

and start the air flowing through the solution at a rate of 1 to 2 bubbles 

per second. 

3. Dilute the contents of the distilling flask to 100 ml with water and add 

10 ml of 2H NaN0
2

. 

4. Heat gently at first, then more vigorously until all of the iodine is dis­

tilled into the receiving tube and no iodine crystals remain in the side arm. 

5. Remove the receiving tube, wash down the side ann with water into the 

receiving tube. 
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6. Neutralize the solution in the receiving tube with concentrated m«>3 and 

add 3 ml of 6M HN03 in excess. Transfer the solution to a 250 ml separatory 

funnel containing 20 ml of CC14 . 

7. Add 1 ml of 2M NaN02 and extract the iodine into the cc14 layer with 

shaking ( the CC14 layer should be violet). 

8. Transfer the organic (lower) phase to a 125 ml separatory funnel and discard 

the aqueous phase. 

9. Add 15 ml of water and 1 ml of lH NaHS03 , shake and discard the CC14 layer 

_(which should now be colorless). 

10. Add 2 ml of 6M ID{)3, 15 ml of cc14 , 1 ml of 2M Nat«>2 and shake; transfer 

the organic phase to another 125 ml separatory funnel. 

11. Repeat steps (9) and {10) and then step (9) again. 

12. Transfer the aqueous phase from step (ll) to a 40 ml centrifuge tube, add 

3 drops of concentrated HCl and heat to boiling (Note 4.). 

13. Add 15 ml of anhydrous "Anbydrol" and add 20 mg of palladillD carrier; cool 

to room temperature, centrifuge and discard the supernate. 

14. Wash the precipitate with 10 ml of anhydrous "Anhydrol", centrifuge and 

discard the wash solution. 

15. Suspend the PdI2 precipitate in 10 ml of anhydrous "Anhydrol" and filter 

onto a previously washed and weighed glass-fiber filter dish; dry in a 

vacuum desiccator for 30 minutes. Weigh, record the chemical yield of 

PdI2 and mount on a brass planchet for counting. 

Note 1. The distilling flask consists of a 1000 ml round-bottom 

3 neck flask. One neck is for the air inlet, one neck is for an addition 

funnel and one neck is for an outlet to the rece·ving tube. 

Note 2. lodine-131 may also be present on the filter paper in the 

form of the iodate and hence iodate carrier is added before the iodide carrier 
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in order to establish equilibrium with any radioiodate. The iodate is then 

quantitatively converted in strong HN03 solution and in the presence of iodide, 

to the iodide (or tri-iodid ) and th n t iodine. 

Note 3. Addition&i flD11ing H003 may be needed to completely decompose 

the paper. 

Note 4. Boiling is neces ary o insure th r moval of so2 which 

interferes with th pr cipitation of h i did . 

Iodine-131 Counting Proc dur 

The iodine-131 i followed fo.r beta decay and i a c pted a radio­

chemically pur if its empiricall d t nnin d half-life agr e to within 

±. 0.4 days wi h the theor i al half-l"fe f .05 da . Th di integra ion 

rate is obtained by applying ch mi al yj .ld and lf-ab ption and lf­

scattering factor~-

The PdI2 may be gamma a .ay d n a Na! (Tl) ry tal oupled to a 

multi-channel ganma ray p rm tr. Th ~ ab olu di int rati n rat i 

obtained by subtra t • ng th ba k r und fr m th O. 36 M ph topeak and 

applying an effi ien y de erm • n d by unti.n an ab lut tandard und r the 

same conditions of g m try and sampl thi kn s . 
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Mol. ~ - • • f d 16 yuuentlD-99 Puri ication Proce ure 

Holybdemn is precipitated with ct -benzoinoxime from 0.1 N nitric 

acid solution. After decomposition of the benzoinoxime with nitric acid and 

+6 
perchloric acid, the molybdenum is oxidized to Mo , extracted into diethyl 

ether and back extracted with water. Further purification is accoaplished by 

several ferric hydroxide scavenges and finally molybden\lD quinolate is pre­

cipitated, mounted and radioassayed. 

(a) To the separated molybdenum supernate add concentrated m«>3 until 

the solution is approximately 0.lN. Cool in a cold water bath and 

add, with stirring, 5 ml of 5% C( -benzoinoxime. Centrifuge and 

discard the supernate. 

(b) To the precipitate carefully add 10 ml of concentrated Hll>3(Note 1) 

and evaporate to approximately 2 ml in a hot air or sand bath. Add 

2 ml of 70% HC104 and evaporate to dryness. 

(c) Heat the residue over a flame to remove all traces of HC104 (Caution) 

(Note 2), cool to room temperature, add 5 mg of iron carrier, 10 ml 

of water and heat in a hot water bath to dissolve all salts. Add ~ 

2 ml of concentrated NH4oH, cool, centrifuge and transfer the super­

nate to a 40 ml centrifuge tube. Discard the precipitate. 

(d) Neutralize the solution with concentrated HCl and then double the 

volume with concentrated HCl to make the solution 6N HCl. ~dd 

5 mg of iron carrier and 5 mg of tellurium carrier. 

(e) Transfer the solution to a 250 ml separatory funnel and add l ml of 

2H Na~ 13. Add 100 ml of equilibrated diethyl ether (Note 3) and 

shake for 3 minutes. Discard the aque<'us (lower) phase and wash the 

organic layer twice with 15 ml of 6N HCl containing 1 drop of 2H Na2Br03• 

Discard the washings. 
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( f) Strip the molybdenm by adding 5 ml of water and shaking for 1 minute 

(solution should become colorless). Collect the aqueous phase in a 

40 ml centrifuge tube. Add another 5 ml of water to the organic 

phase and shake for 1 minute. Add the second strip solution to the 

centrifuge tube containing the first strip solution. 

(g) Add concentrated NH40H until Fe(OH)3 precipitates. Centrifuge, 

tr&nafer the supemate to a 40 ml centrifuge tube and discard the 

precipitate. 

(h) Add 5 mg of iron carrier to the supernate from step (g), centrifuge, 

transfer the supemate to a 40 ml centri fuge tube aud discard the 

precipitate. 

(i) Neutralize the supernate from step (h) with 6H HCl and add 5 ml 

of buffer solution (lM c2H4o2 - 3.6H NaC2H3o2 ). Heat to boiling, 

add 1 ml of 5% 8-hydroxyquinoline reagent dropwise and l to 2 

drops of Aerosol reagent. 

(j) Digest the precipitate for 10 minutes in a hot water bath, allow 

to stand ior several minutes and filter the precipitate onto a 

previously washed and weighed Whatman No. 42 filter disk. 

(k) Wash the precipitate with 10 ml of water and then finally wit!l 

15 ml of anhydrous "Anhydrol". 0 Dry in an oven at 110 C for 

10 minutes, cool to room temperature in a desiccator. Weigh, 

record chemical yield of the 8-hydroxyquinolate derivative and 

mount on a brass planchet for counting. 

Note 1. Add the cottcentrated HN03 dropwise applying heat. If 

the addition is too rapid the organic precipitate will decompose too quickly 

and bubble out of the centrifuge tube. 
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Note 2. Exercise caution due to possibility of formati.on of 

organic Eerchlorates, 

Note 3. The equilibration of the ethyl-ether is performed in 

the followi.ng manner: Add 100 ml of ethyl ether, 100 ml of 6N HCl and 

shake for 5 minutes. Withdraw the aqueous (lower) phase and retai.n the 

ether fraction for the purification procedure . 
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Ceriuni-141, 144 Purification Procedure

The cerium hydroxide precipitate is dissolved in 9M nitric acid,
+4

oxidized to Ce with sodium bromate and extracted into methyl isobutyl 

ketone. The cerium is back-extracted with hydrogen peroxide and precipitated 

as the oxalate. The oxalate is ignited at 85o"c to produce Ce02 which is 

mounted and radioassayed.

(a) Dissolve the Ce(OH).^ precipitate in .S ml of 9M HNO^ and transfer 

to a 125 ml separatory funneJ containing .SO ml of freshly equili­

brated methyl isobutyl ketone (Note J).

(b) Wash the glass storage vial with 6.5 ml of cone. HNO.^, 2 ml of 

6M NaBrO^ and 4.5 ml of water, add the washings to the separatory 

funnel and shake for 15-80 seconds.

(c) Withdraw the aqueous pha.se (bottom pha.se) and wash the methyl 

isobutyl ketone phase twice with 10 ml of 9M HNO,. containing a 

few droj)S of 2M NallrO.^ (>oles I and 2).

(d) Back-extract the cerium by .shaking the methyl isohutyl ketone 

phase with .5 ml oi water containing .8 drops of hv<lrogen peroxide 

(H.^O.,). (Notes 1 and 3)

(e) Withdraw the aqueous pha.se into a clean 40 ml centrifuge tube and 

neutralize by adding cone. NH^OIU .8 - 5 ml) until a precipitate just 

appears, and acidify with 1..“^ ml .jC oM UNO.,.

(f) Dilute the solution to a volume of l.S ml with water and heat ju.st

to boiling; add 5 ml of saturated , stir for several

minutes and add gradually 10 mi more of saturated (NH^)2C20^.

(g) Digest the solution in a hot water Iwth for about 10 minutes, cool

to room temperature and filter the ‘•'•.^(C.,0^).^. 9 H.,0 on a Whatman

Na 42 filter disk. Wash three times with 5 ml portions of water 

and three times with 5 ml portions of acetone.
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(h) Transfer the precipitate and filter paper to a porcelain crucible 

and ignite for 1 hour at aso0 c. On completion of ignition, transfer 

the precipitate to a previously washed and weighed glass fiber filter 

paper with acetone. Oven dry at 100°c for 15 minutes, cool in a 

desiccator, weigh a~ Ce02 and mount on a brass planchet for beta 

counting. 

Note 1. The equilibration of methyl isobutyl ketone (for use with 

ten samples) is perfonned in the following manner: to 400 mls of methyl 

isobutyl ketone, add 400 mls of 9M HN0:3 containing 16 mls of 2M sodiwn bromate 

(NaBr03) and shake or stir for five minutes. CAUTION: In extractions of 

strong HN0 3 solutions (6 to 12M) with methyl isobutyl ketone considerable 

amounts of HN03 pass into the organic phase. It has been observed that such 

solutions of HN0
3 

in methyl isobutyl kf? t orn-! are unstuble and will undergo. a 

vigorous reaction after standing for a few hours. The methyl isobutyl ketone 

phases remaining after back-extraction with 5 ml of water were observed to 

react similarly but only aft1:-1r stand.ing fo r abuut 3 t.lays. It is recommended, 

therefore, that the methyl isobutyl ketone not be equilibrated with HN03 

until just before use and that it be washed thoroughly with water ( three 

times with an equal volumt->) soon after use . It is also recommended that 

HN03 solutions whic-h havt--> h1:-1Pn in cont net w.it h mPthyl isobutyl ketone be 

neutralized with NH40H befurP storing or d.iscarding. 

Note '2. Combin1:• thP aquenu::, phasP and washings and neutraliZfi with 

NH40H before discarding. 

Note 3. Wash thP methy] isobutyl ketone three times with 50 ml of 

water before discarding. Also neutra1i;,,e washings before discarding. 

X7 
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Sequential Radiochemical Separation of Beryllium-?, Strontium-89, 90, Rhodium-102, 

Cerium-141, 144, Tungsten-181, 185, Lead-210 and Polonium-210 

Polonium is separated by plating on a silver disk at zero potential at 

75° - 80° C from a o. 5 M hydrochloric acid solution. Strontium, barium, beryllium, 

cerium, lead and rhodium carriers are added and the solution is neutralized with 

sodium hydroxide. Tungsten carrier is added and tungstic oxide is precipated in 

strong nitric acid solution. Lead and rhod i um a re separated as iodides with 

sodium iodide and hydriodi c acid, re specti vel y . . The resultant supernate is 

treated with sodium hydroxide and sodium carbonate, precipitating strontium­

cerium hydroxycarbonates and leaving the soluble beryllium in the supernate. 

Finally the hydroxycarbonates are dissolved and the cerium separated as cerium 

hydroxide with concentrated ammonium hydroxide. ( See r i gure 1.3) 

1. Transfer the 0.5 M HCl sample solution to a 70 ml plexiglass cup 

(Note l). Wash the beaker several times with o. 5 M HCL and add the washings 

to the cup. Add O . .5 M HCl until the cup is almost filled. 

2. Lower a Teflon stirring rod, attached to a Welch Type B Stirrer, 

into the solution. The end of the rod should be approximately one-half inch 

from the bottom of the cup. 

3. Add approximately 100 mg of ascorbi c acid. 

0 0 
4. Start the stirrer. Allow the temperature to reach 75 - 80 C 

and plate for three hours (Note 2). Replace any loss due to evaporation 

during plating with 0.5 M HCL (usually about 5 ml during the three hours). 

5. When plating is completed, decant the hot solution into the 

original 150 ml beaker and wash the cup and Teflon stirring rod several times 

with 0.5 M HCl and water. Add the washings to the original solution in the 

beaker and reserve for separation of the other radionuclides. 
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ro-Assay 

Tranaf rt plating cup and 
plate for 3 hours. 

Add De, Sr, Rh, Ce, and Pb carrier . 
Add NaOH and add W carrier. Heat, 
cool, add HN03 and heat. 

I3e -7.Sr- 9 90 Rh-102 Ce-141144 Pb- 210 W-181185 
Evaporate to near dryness. 
Adjust to 1N.HN03+ 6M Na! and 
cool in ice. 

W-181,185 
Pur'fication 
Procf:dure 

Pb-210 1
) 0 , Rh-1 u 2 , C - 4, , 144 
and boil tor 

1/:? hour . 
Pb-210 
Purification 
Procedure 

Rh-102 
Rh-102 
Purification 
rocedure 

HN03 a J 

add NH40H 

C -141 144 r-89 90 \ a~-.. 

H o3, evaporate until 12 is 

no longer evident. Add NaOH 
and sat'd Na2co3 

Add H o3, boil, 

and add NH40H 

Be-7 
Ce-141,144 
Purification 
Procedure 

\ Add lOmlo~d Be-7 
Purification 
Procedure 

• 
Sr-89,90 

Sr-89 90 
Purifica ion 
Procedure 

sat' d Na2co3 + . 
Waste 

Discard 

FIGURE 13 SEQUENTIAL RADIOCHEMICAL SEPARATION OF Be-7, 
Sr-89, 90, Rh· 102, Ce-141, 144, W-181, 18S, Pb·210 AND Po· 210 
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6. Remove the silver disk (Note 3) from the plating cup, wash it 

with wate1, air dry and reserve for alpha count.i ng. Clean the O - ring and 

cup for the next sample. 

7. Evaporate the solution from the polonium-210 separation to approxi­

mately 10 ml, 

8. Add 10 ml of standardized berylliwn carrier (1 mg Be/ml), 30 mg 

of rhodium carrier, and 20 mg each uf stront ium , barium , cerium and lead 

carriers. Heat the sol ut ion to di ssolve any precipitate (Note 4). 

9. Carefully neutralize tile sol ution with SO'.);( NaOII , add ~O mg of 

standardized tungsten carrier and wa r,n for 15 minute s . 

10, Cool, add 25 ml of concentrated HN0 3 am! diges t for 011e hour on 

a hot plate to completel y predp.itate tungstic oxi de . 

11, Transfer the mixture, by portions, to a 40 mJ Cf!n1 r i 1"11g,-• t ul,e, 

centrifuge and decant the supernat E! into a 100 ml beakt-~r . Wa sh the pre­

cipitate with 5 ml of 6N HNO , c1:~ntrifuge and combine" the wash with tltP 
3 

supernate (Not e 5 ). Rn,:erve the µr ec ip i tat f• l'u r t lw t.ung~ten-1.8.L, 18,) 

purification procedure as described .in DASA 1;wu, Vol ume 1, pa ge 142 (19 61 ). 

12, Evapora t e the supernate from step JJ. to a voJume at which salts 

appear, then ca re fully evaporate almost to d rym.,s::; us ing low heat to avoid 

spattering. Cool, add enough wat er to di f:~o.l.ve all salts and transfer the 

solution to a clean 40 ml centrifuge tubP , Wa .-d1 1.hf'.• liE> akPr with three .5 ml 

portions of water and combine the port ion :::: i r1 t ltP centr ifuge tul>e. 

13. Cool the solution j n t. he centrifuge tube in an ice bath and 

add 2 ml of 6M Nal (6M Nal in a so lution or lN IINO, ) rn prec jpitatc Phl'J_. 
J 

Cool the mixture for five minutes, centrifuge and derant the supernate into 

a clean 40 ml centrifuge tube. Wa s h the prec.ipi.tate with 3 ml of water 
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containing 6 drops of 6H NaI, centrifuge and combine the wash solution with 

the original supernate. Retain the precipitate for lead-210 purification. 

14. To the supernate from step 13 add 2 ml of 47% HI and digest in a 

boiling water bath for one-half hour. Cool to room temperature, centrifuge 

and decant the supernate to a clean 100 ml beaker. Wash the RhI 3 precipitate 

with 5 ml of water containing 3 drops of 47% HI, centrifuge and transfer the 

wash solution to the supernate in the 100 ml beaker. Reserve the precipitate 

for rhodium-102 purification as described in DASA 1300, Volume 1, page 127 

(1961). 

15. To the solution from step 14, add 5 ml of concentrated HNO3 and 

evaporate until 12 fumes are no longer evident (Note 6). Continue to evaporate 

until salts appear, cool, add enough water to dissolve the salts and transfer 

the solution to a 40 m1 centrifuge tube. Wash the beaker with three 5 ml 

portions of water and transfer the washings to the centrifuge tube. 

16. Add 12N NaOH until pH 8.5 is attained, heat in a hot water 

bath and add 10 ml of saturated Na
2
co3. Digest in the hot water bath until 

the precipitate settles, cool to room temperature, centrifuge and transfer 

the supernate to a clean 100 ml beaker. 

17. To the precipitate from ~tep 16, add 5 ml of 6N HNO3 and boil 

the solution over a flame for approximately 2 minutes to expel all CO2. Cool, 

add 12N NaOH until a pH of 8.5 is reached and repeat step 16. Combine the 

supernate from step 16. 

18, Add 5 ml of 6N HNO 3 and heat over a flame for 2 minutes to expel 

CO2. Cool, add c0ncentrated NH4OH until Ce(OH)3 is precipitated. Digest in 

a hot water bath for 10 minutes, cool to room temperature, centrifuge and 

transfer the supernate to a 40 ml centrifuge tube. 
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19. Redissolve the Ce(OH)3 precipitate in 3 ml of 6N HN03 and heat 

to remove any CO2. Reprecipitate the Ce{OH)3 with concentrated NH4OH, digest 

in a hot water bath, cool and centrifuge. Combine the supernate with the 

supernate in the 40 ml centrifuge tube from step 18. Reserve the Ce(OH)3 
precipitate for cerium-141, 144 purification. 

20. Warm the combined supernates from s eps 18 and 19 in a hot water 

bath, add 10 ml of saturated Na2co3 and digest the precipitate until it settles. 

Cool, centrifuge and discard the supernate. Reserve th pr cipitate for stron­

tium-89, 90 purification as described in DASA 1300, Volu.~e 1, pages 107, 117, 

118 (1961). 

21. Acidify the combined up rnate fr m ' t p 1 and 7 w th con­

centrated HN03, heat on a hot plate to remov CO2 (Not 7), ool and add on-

centrated NH4OH to precipitate Be(OH)2. Transf r th ution o a 40 ml 

centrifuge tube (by portions), centrifu e and discard th supernate. R serve 

the pre ipitate for beryllium-7 purification. 

Note 1. The plating cup is assembled in the followi.ng manner: 

(a) Polish al inch diameter silver disk with International Silver 

polish until a bright, clean surface is obtained. 

(b) Hold t he disk against an O - ring and install the unit in the 

plastic plating cell. (The ring forms a seal between the disk 

and cell.) 

Note 2. The required plating temperature is attained by wrapping a Bris­

heat Flexible Heating tape around the Plexiglass cup. The tape is connected to 

a voltage regulator which has been calibrated at 75°- so0 c. Calibrat ion is 

accomplished by filling the cup with water, inserting a thermometer under the 

su face of the liquid and adjust·ng the voltage regulator until the desired 

temperature is reached. 
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Note 3. The polonium-210 is deposited in a circle with a diameter of 

13/ 16 of an inch. 

Note 4. If the precipitate does not completely dissolve add concentrated 

H003 dropwise until a true solut·on i obtained, 

No e 5. The wo3 pr ipj at may entrain sorn rhodium as evidenced by a 

red coloration. The rhodium is removed by washing th precipitate with 5 ml of 

6N HCl. Centrifuge and add the wash solution to the supernate. 

Note 6. The amount of added nitri acid may no be sufficient to 

completely oxidize he iodin. If n essary, additional concentrated H003 may 

be add~d. 

Note 7. Care must be taken during the neutralization due to effervescen~e 

of CO2 which may expel some of the solution from the vessel. It is advisable to 

partially cover the beaker with a cover glas during the neutralization. 
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18,19 Beryll.ium-7 Purification Procedure 

Beryllillll is purified by a lanthan1.111 hydroxide scavenge, a molybdenlll 

sulfide and telluri111 sulfide scavenge and subsequent extraction into acety­

lacetone-benzene. The berylliln is back-extracted with 6M hydro,chloric acid 

whereupon berylli1n hydroxide is precipitated with amnonit111 hydroxide and the 

precipitate radioassayed. The recovery of berylli1n carrier is detennined 

colorimetrically with 4(p-nitrophenylazo) orcinol. 

The step-by-step procedure is as follows: 

(a) To the Be(OH)2 precipitate add 5 mg of lanthanum carrier and 10 ml 

of 3M NaOH and digest in a hot water bath for not more than five 

minutes(Note 1). Cool, centrifuge and decant the supernate into 

a clean 40 ml centrifuge tube. Repeat washing with another 10 ml 

of 3M NaOH combining supernates. Discard the La(OH)3 precipitate. 

(b) Neutralize the solution with dropwise addition of concentrated HCl 

and then make strongly ~niacal with concentrated NH4OH (Note 2). 

(c) Digest the solution in a hot water bath for 10 minutes, cool, 

centrifuge the Be(OH)2 and discard the supernate. 

(d} Dissolve the Be(OH)2 in 3 ml of 6H HCl and dilute to 10 ml with 

water. Add 0.5 ml of molybdenum (10 mg Ho/ml) and 0.5 ml of 

tellurium (10 mg Te/ml} carriers and heat in a hot water bath for 

five minutes. 

(e) Bubble hydrogen sulfide gas through the ~olution for five minutes 

and heat for an additional five minutes. Filter the solution 

through a Whatman No. 42 filter paper (9 cm diameter} in a 2", 
0 60 glass funnel and collect the : ·1trate in a clean 125 ml 

erlerameyer flask. Evaporate the filtrate to a volume of approxi­

mately 3 ml and transfer the solution to a 40 ml centrifuge tube 

with water. 
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(f) Add 2 ml of "acetate buffer solution" and 2 ml of 10% E.D,T,A, 

solution; adjust to pH 5.5 - 6.0 by dropwise addition of con­

centrated NH40H, Transfer the solution to a 60 ml cylindrical 

separatory funnel, add 2 ml of acetylacetone and stir mechanically 

for several minutes. 

(g) Add 7 ml of benzene and stir mechanically for two minutes, with­

draw the aqueous (lower) phase into a 40 ml centrifuge tube and 

transfer the organic phase into a second 40 ml centrifuge tube. 

Transfer the aqueous fraction back into the same separatory 

funnel after adjusting, if necessary, to pH 5.5 - 6,0 with con­

centrated NH40H, 

(h) Repeat step (g) twice and combine the benzene fractions in the 

centrifuge tube. 

(i) Transfer the combined benzene fractions to the original separatory 

funnel, Wash the benzene fraction three times with 10 mJ of 

saturated E,D,T,A, solution and discard all the wash solutions. 

(j) To the benzene fraction, add 7 ml of 6M HCl; mechanically stir 

for several minutes and withdraw the HCl layer (lower) into a 

125 ml erlenrneyer flask, 

(k) Repeat step (j) twice combining the HCl fractions in the erlenmeyer 

flask and discard the benzene fraction. 

(1) Evaporate the HCl fraction almost to dryness. Add 5 ml of con­

centrated HN03 and evaporate just to dryness. 

(m) Dissolve the Be(N03) residue in 2 ml of 6M HCl, dilute with 5 ml 

of water and transfer the solution to a 40 ml centrifuge tube. 

Wash the flask with three 3 ml portions of water and add the 

washings to the centrifuge tube. 
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(n) Make the solution strongly ammoniacal with concentrated NH4ott, 

centrifuge and discard the supernate. Wash the Be(0H)2 twice 

with 5 ml of water, centrifuge and discard the washing. 

(o) Dissolve the precipitate in a minimum of concentrated HCl and 

transfer the solution to a 10 ml test tube (12 x 100 mm) with 

a minimum of water. Make the solution strongly ammoniacal 

with concentrated NH40H, centrifuge and rliscard the supernate. 

Measure the height of the Be(OH)2 preci~itate in centimeters 

and gamma count the sample. 

(p) After completion of the radioassay, dissolve the Be(0H)2 in 

5 ml of 6N HCl, dilute to volume in a 100 ml volumetric flask 

and detennine the recovery of beryllium colorimetrically. 

Note 1. It has been observed that digesting for longer than five 

minutes may result in some dissolution of the La(OH) 3 . 

Note 2. The addition of HCl will cause the precipitation of 

Be(OH)2 , the solution is neutral when the Be(0H)2 redissolves. 
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Beryllium Colorimetric Proceduie
0 

( 4-p-nitrophenylazq) orcinol Method) 

The beryllium complex of 4-(p-nitrophenylazo) orcinol is fanned in 

a buffered solution at pH 12,0 containing E.D.T,A, chelating agent. Measurement 

is made at 515 mp. Int~ r fering elements are removed prior to the measurement. 

The color is stable for approximately one hour. The concentration range is 

20 to 200 't /100 ml for the 1 cm cell. 

(a) Dissolve the Be(OH)2 in 5 ml of 6N HCl and dilute to volume in a 100 ml 

volumetric flask . 

(b) Pipette a 2,00 ml aliquot of the solution into a 100 ml beaker. Adjust 

the volume to 15 ml with water. 

(c) Add 5 ml of the chelating solution (Note 1) and adjust the pH to 5.5 

using 2M HCl or 2M NaOH as required. 

(d) Add 10 ml of beryllium buffer soluti.on (Note 2), stir and let stand for 

five minutes. 

(e) Transfer the solution to a 100 ml volumetric flask. Add exactly 10,0 

ml of dye solution (Note 3) mix and let stand for ten minutes, Dilute 

to mark with distilled water. 

(f) Record the absorbance of each solution in a 1 cm cell at 515 mp, 

(g) Divide the absorbance reading by the average slope value obtained 

from the calibration (Note 4) and multiply by 50.0 to obtain milli­

grams of beryllium. 

Note 1. Chelating Solution: Saturated Disodium E, D, T ,A, 

Note 2. Buffer solution (pH 12): Prepared by di ssolving 116 grams of 

citric acid, 61,5 grams of sodium borate decahydrate, 216 grams of sodium hy­

droxide in water and dilute to 1 liter. 

Note 3. Dye Solution: Prepared by dissolving 0,150 grams of 4-

(p-nitrophenylazo) orcinol (Chemical Procurement Laboratories, Inc.) in 500 ml 
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of 0,lN sodium hydroxide solution by stirring on a mechanical stirrer for 

five hours. Filter the solution through a sintered glass filter and finally 

through a Millipore HA filter ,(0.45u). A new solution has to be made up 

for each run. 

Note 4, A calibration curve must be obtained, using a standard 

solution, with each set of samples. To prepare the standard solution, 

dissolve 1,0000 gram of high purity beryllium metal in 10 ml of 6N HCl. 

Boil untiJ effervescence stops. Cool, dilute to 1 liter with water in a 

volumetric flask and mix thoroughly. Dilute 10 ml of this solution to 

250 ml in a volumetric flask and mix thoroughly. This solution, 40 'ti Be/ml, 

is used to calibrate the 1 cm cells. Transfer 1.00, 2.00, 3,00, 4,00 and 

5,00 ml of this standard beryllium solution into a 100 ml beaker. Adjust 

the volume to 15 ml with the water. Concurrently run a 15 ml water blank, 

Proceed as in steps (c) through (f) of the procedure. 
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21 
Lead-210 Purification Procedure 

Lead is purified by successive precipitations of lead nitrate, 

lead chromate · and lead sulfate. The lead-210 activity is separated from 

the bismuth-210 daughter by several lead sulfate precipitations· with:bfsmuth 

hold-back carrier. After an appropriate growth period, the lead is milked 

from the bismuth and the bismuth fraction mounted and radioasaayed. 

(a) Dissolve the PbI2 precipitate in 10 ml of concentrated HN03 and 

boil over an open flame until all the 12 is removed. (Note 1) 

(b) Cool in an ice bath and add 2 ml of fuming HN03, stir vigorously, 

centrifuge and discard the supernate. 

(c) Dissolve the Pb(N03)2 precipitate in 5 ml of water and transfer 

the solution with a minimum of water to a 40 ml centrifuge tube. 

Add 20-25 drops of concentrated tt2so4 , heat over an open flame 

for two minutes, cool, wash down the walls of the centrifuge 

tube with water, Centrifuge and discard the supernate. 

(d) Dissolve the PbS04 precipitate in a minimum amount of 6M NH4C2H3o2 

and heat to a rolling boil. Add 2 ml of l.SM Na2cr04 and place 

in a hot water bath for 10 minutes. Centrifuge and discard the 

supernate. 

(e) Add 10 mls of concentrated HN0
3 

to the PbCr0
4 

precipitate and 

5 drops of concentrated HCl, Boil the solution until a color of 

blue-green is obtained. 

(f) Repeat step (b). 

.._ .. 

(g) Add 10 ml of water to the Pb(N03)2 precipitate and add 1 ml of 

Zr carrier. Heat in a hot water bath, add 2 ml of saturated 

phenylarsonic acid and digest in the hot water bath for a mini­

mum of 20 minutes, 
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(h) Cool, centrifuge and transfer the supernate to a clean 40 ml 

centrifuge tube. Discard the precipitate. 

(i) Add 20-25 drops of concentrated H so4 and heat over an open . 2 
flame for 2 minutes, Cool to room temperature, centrifuge and 

discard the supernate. 

(j) Dissolve the PbS04 with a minimum amount of 6M NH4C2H3o2 (Note 2). Add 

10 mg of bismuth scavenge carrier and if a precipitate forms, 

dissolve it with glacial acetic acid and heat. 

(k) Add 20-25 drops concentrated H2so4 , heat over an open flame, cool, 

centrifuge and discard the supernate. 

(1) Repeat steps (j) and (k) twica. 

(m) Wash the precipitate three times with 10 ml of water containing 

3 drops of concentrated H2so4. Centrifuge after each wash, 

discarding the first two wash solutions. Check the last wash solution 

(Note 3) and record the time and date (Note 4). 

(n) Di.ssolve the PbS04 precipitate in a minimum amount of 6M NH4C2H302 
and add 10 mg of standardized bismuth carrier. If a precipitate 

forms, add a few drops of glacial acetic acid and heat the solution 

until it dissolves. 

(o) After at least ten days have elapsed, add 20-25 drops of concen­

trated H2so4 and heat over a flame for two minutes. Cool, wash 

down the sides of the centrifuge tube with water. Centrifuge 

and transfer the supernatP. to c1 r.lPctn 40 ml gl nss centrifuge tube. 

Record this time and date as the time of milking of Bi210 from 

Pb210. Wash the PbS04 precipitate with 5 ml of water containing 

1 drop of concentrated H2so4 , centrifuge and combine the wash 

and the supernate. 
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(p) Make the supernate from step (o) arnmoniacal :(pH 9-lQ) with con­

centrated NH40H. Digest in a hot water bath for ten minutes to 

coagulate the Bi(OH) 3 precipitate. Cool, centrifuge and discard 

the supernate. 

(q) Dissolve the Bi(OH)3 in 3 ml of glacial acetic acid, 5 ml of 6M 

NH4C2H3o2 and place in a hot water bath for ten minutes. Add 

5 ml of saturated E.D.T.A. solution, 0.2 ml of saturated CaC12 

solution and heat over a flame for two minutes. 

(r) Add conce1,trated NH
4

0H to precipitate Bi(OH) 3• Digest the 

precipitate in a hot water bath for ten minutes, cool, centrifuge 

and discard the supernate. Slurry the precipitate in 5 ml of 

water, centrifuge and discard the wash. 

(s) Add 6 drops of concentrated HCl and a miP.imum of water to dissolve 

the precipitate (Note 5). Add 6N NH 40H until a precipitate is 

observed and add dropwise 6N HN0
3 

until the precipitate is dissolved. 

Add water until a volume of 40 ml is obtained and place in a hot 

water bath for thirty minutes. Cool, centrifuge and discard the 

supernate. 

(t) Add 10 ml of anhydrous "Anhydrol11
, slurry the BiOCl precipitate 

and filter onto a previously washed and weighed Whatman No. 42 

filter disk. Wash the precipitate three times with "Anhydrol". 

Dry in an oven at uo0 c -for fifteen minutes,cool to room temperature 

in a dessicator, weigh, record fhe chemical yield of BiOCl and 

mount on a brass planchet. 

(u) After the radioassay of Bi-210 ha.s been completed, slurry the 

PbS04 precipitate from step (o) with anhydrous "Anhydrol11
• Filter 

onto a previously washed and weighed Whatman No. 42 filter disk. 
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Dry in an oven at ll0°C for fifteen minutes, cool to room temperature 

in a dessicator and record the chemical yield recovery of lead. 

Note 1. During the removal of 12 a precipitate of Pb(N03)2 may form. 

Do not try to dissolve this precipitate. 

Note 2. In order to minimize the volume, start with 2 ml of 6M 

NH4C2H3o2• Add additional 6M NH4c2tt3o2 in increments of 1 ml until the pre­

cipitate completely dissolves. Heat should be used at all times to facilitate 

the dissolution. 

Note 3. To the supernate from the third wash add sufficient con­

centrated NH40H to make the solution basic. If a precipitate appears, continue 

to wash the PbS04 precipitate until the ammoniacal supernate is clear. 

Note 4. This is the time and date of separation of Bi210 from Pb
210

. 

Note 5. The Bi may be mounted as Bi( Q uniolate)3 instead of BiOCl. 
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Bismuth-210 Counting Procedure 

The BiOCl is counted three times on a low level beta counter at approxi­

mately 48 hour intervals. The counting time for each measurement is 8 hours. The 

activit y at each counting time is corrected back to milking time of Bi 210 using 

the theoretical Bi 210 half life of 5.0 days. If the corrected activities agree 

to within one standard deviation of the counting error, the sample is considered 

radiochemically pure. 

The absolute disintegration rate is obtained by applying self-scattering 

self absorption factors and chemical yield corrections. 
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Sequential Radiochemical Separation of Hanganese-54 1 Iron-55 1 59 1 StrontillD-89 1 90 1 

Cadmil.111-109 1 113m1 115m1 Antimony-124 1 125 1 Cobalt 57 1 . 58 and ThallillD-204 

After the addition of carriers thalliun is precipitated as thallil.111 

iodide. Antimony and cadmium are precivitated and separated as sulfides; the 

cadmil.111 at pH 1,5. After the separation of manganese as the dioxide, cobalt 

is precipitat ed as cobaltinitrite. The supernate from the cobalt separat ion 

is treated with anmoniwn hydroxide separating iron as ferric hydroxide. The 

supernate contains the stront i l.111 activity. A flow chart is shown in Figure 14• 

1. From the sampl~ cootained in a 25 ml volumetric flask (Note 1), 

remove tw 2 ml aliquots for elemental i ron spectrophotometric detennination. 

2. Pipette 20 ml of the sample solution Lnto a 40 ml centrifuge tube 

and add 20 mg each of thallium, strontium, iron, cadmium, cobalt and manganese 

carriers. 

3. Add 5 ml of 6% H2so3 and 3 or 4 crystals of Nal. Stir and 

allow to stand at room temperature for 10 minutes. Centrifuge, decant the 

supernate to a clean 100 ml beaker and retain the precipitate for thallium-204 

purification. 

4. Heat the supernate from step 3 on a hot plate for aprro~jmately 

3/4 hour to expel so2, then bubble H2S through the solution for two minutes. 

Cool to room temperature, transfer to a 40 ml centrifuge tube, centrifuge and 

decant the supernate to another 40 ml centrifuge tube. Reserve the antimony 

sulfide precipitate for antimony-124, 125 purification. 

5. Evaporate th . superna~e from step 4 to almost dryness, dilute with 

water to a pH of 1.5 (approximately 5 ml of water), heat and bubble H2S g~s 

t hrough the sol ution for 2 minut es. If~ yell w pre ipit at e doe not form 

i t 0 of wa er. Col entr i1 °e and ea 
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Filter Pa er Sol ution* 

Add l'e Mn, Sr, Co, Cd and Tl carriera. 
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FIGURE 14 SEQUENTIAL RADIOCHEMICAL SEPARATION OF Mn·54, 
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6. Dissolve the cadmium sulfide precipitate in 5 ml of 6M HCl, 

boiling until the precipitate is completely dissolved. Adjust the volume 

to approximately 15 ml with water and add concentrated NH 40H to pll 9. 

Heat in a hut water bath for 5 minutes and add 10 ml of saturated Na 2co3. 

Digest in a hot water bath for 20 minutes, cool, centrifuge and transfer 

the supernate to a 40 ml centrifuge tube. Reserve the supernate for 

cadmium-109, 113m and 115m purification. 

7. Dissolve the carbonate precipitate from step 6 in 5 1111 of 

6M HN03, boil to expel CO2 and ,combine with the supe::riate from step 5 in 

the 15C ml beaker (Note 2). 

8. Evaporate the combined supernate from steps 5 and 7 until 

"salting out" occurs. Add 20 ml of 9N HN03 and again evaporate until 

salts appear. Add 20 ml of 9M HN03 and repeat the evaporation. 

9, Add 5 ml of concentrated HN03, dilute to 100 ml with water, 

heat almost to boiling, and add 2 ml of saturated NaBr03 with ·stirring. 

Dicest for approximately 20 minutes or until the Mn02 precipitate settles. 

10, Cool to room temperature, tran .:ifer to a 40 ml centrifuge tube 

and centrifuge in portions. Combine the supernates in a 150 ml beaker. 

Retain the precipitate for manganese-54 purification. 

11. Evaporate the l ,r •il J i. ned supernates to almost dryness and 

transfer the solution to a clean 40 ml centrifuge tube with approximately 

25 ml of water. Adjust the pll to 9,0 with lOM KOii, place the tube into a 

hot water bath of several minutes and add 10 ml of saturated Na 2co3. Digest 

the precipitate for 15-20 minutes, cool, centrifuge and discard the super­

nate. 
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12. Dissolve the precipitate with 6 to 10 drops of concentrated Htr>3 

and 2 ml of 6N CH3COOH. Boil over flame for 2 mi1:utes to remove the CO2 and 

dilute to 20 ml with water. (If the solution does not turn clear add 2 to 3 

drops of H202 and boil slowly.) Add 6 ml of 3N CH3COOH saturated with KN03 

and digest in an ice bath for 30 minutes. Centrifuge and decant the supernate 

into a ~lean 100 ml beaker. Wash the K3Co (N02)6 precipitate with 10 ml of 

water, centrifuge and discard the wash. Retain the precipitate for cobalt-57, 

58 purification. 

13. Add concentrated HN03, cautiously with stirring, until effervescence 

stops and the solution turns green. Then evaporate to a small volume. transfer 

the solution to a clean 40 ml centrifuge tube with water, adjust the pH to 9,0 

using concentrated NH40H and heat in a hot water bath for five minutes. Add 

10 ml of saturated Na2co3, digest the precipitate for 15-20 minutes in the hot 

water bath, cool, centrifuge and discard the supernate. 

14. Dissolve the precipitate from step 13 with 5 ml of 6N HN03 and 

boil over a flame for two minutes to remove all of the CO2 . Cool, dilute to 

10 ml with water and add sufficient concentrated NH40H to precipitate Fe(OH)3. 

Digest the precipitate in a hot water bath for ten minutes, cool, centrifuge 

and decant the supernate into a clean 40 ml centrifuge tube. Retain the 

Fe(OH)3 precipitate for iron-55, 59 purifcation. 

15, To the supernate from step 13 add concentrated NH OH until pH 9,0 
4 

is obtained. Heat in a hot water bath for five minutes, add 10 ml of saturated 

Na 2co3 solution, digest for 10 minutes in a hot water bath, cool, centrifuge 

and discard the supernate. Retain the SrC03 precipitate for strontium-89, 90 

purification as described in DASA 1300, Volume 1, page_s 108, 117, 118 (1961), 
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Note 1. On standing, an insoluble antimony precipitate may appear 

(antimony carrier is added prior to ashing). This precipitate may be dis­

solved by the addition of concentrated HCl and heating. The precipitate must 

be d~ssolved prior to the removal of the aliquot for elemental iron deter­

mination. 

Note 2. Some strontium is entrained in the cadmium sulfide. Steps 6 

and 7 are designed to separate this strontium. 

108 



Isotopes, Inc. 

22 
Manganese-54 Purification Procedure 

The manganese dioxide precipitate is dissolved in concentrated HCl and 

manganese ~arbonate is precipitated. 
-2 

After oxidation to Mn04 with NaBi03 

and a ferric hydroxide scavenge, the manganese i.s finally precipitated ;ind 

radioassayed as Mn02. Chemical yield recovery is ascertained by ignition to 

Mn
3
o

4 
at sso0 c. 

The step-by-step procedure is as follows: 

(a) Dissolve the Mn02 precipitate i n 4 ml of concentrated HCl and evaporate 

the solution to near dryness. lf the solution is not clear or a very 

light green during evaporation, again add 4 ml of concentrated HCl 

and evaporate until the solution turns light green. 

(b) Dilute the solution to 10 ml with water and add solid Na 2co3 slowly 

until all the Mrco3 has precipitated. Heat vigorously to insure 

complete precipitation. Centrifuge and discard the supernate. Wash 

the precipitate with 10 ml of water, centrifuge and discard the wash. 

(c) Dissolve the precipitate in 3 ml of concentrated HN03, add 1 ml of 

iron carrier (10 mg Fe/ml) and dilute to 15 ml with water. Cool 

the centrifuge tube in an ice bath and add 0.5 grams of NaBi03 

(in portions, with stirring) to oxidize Mn+ 2 to MnO~. Continue 

stirring for 1 minute and then add 2 drops of 85% phosphoric acid 

to stabilize the permanganate. 

(d) Make the solution basic with 6M NaOH (pH 9 to 10 with pH paper), 

centrifuge and decant the supernate into a 100 ml beaker (Note 1). 

Wash the precipitate with 5 ml of water containing several drops 

of 6M NaOH, centrifuge and combine the wash with the supernate in 

the 100 ml beaker. Discard the precipitate. 
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(e) To the combined supernate and wash from step (d) add 3 ml of con­

centrated HN0
3

• Heat, add 2 ml of saturated oxalic acid solution 

and heat until the solution becomes colorless (Note 2). 

(f) Heat the solution almost to bo i ling, add 2 ml of saturated NaBr03 

and stir vigorously until all the Mn02 has precipitated. 

(g) Transfer the precipitate by portions to a 40 ml centrifuge tube. 

Centrifuge and discard the supernate. Wash the precipitate with 

10 ml of lN HN03 , centrifuge and discard the wash. 

(h) Filter the precipitate onto a Whatman No, 42 filter disk using 

water and finally anhydrous "Anhydrol" as transfer agents. Dry 

in an oven at 110°c for 20 minutes ar ·d mount on a nylon planchet 

for radioassay. 

(i) On completion of radioassay, place the f ilter paper and precipitate 

in a previously heated and tared procelain crucible and heat gently 

until the paper is completely charred, making sure that the paper 

does not ignite. 

(j) Heat the crucible in an electric muffle furnace at 85o0 c for 1 

hour, cool in a desiccator and determine the chemical yield of 

Mn3o4
• 

Note 1, The solution should remain a deep purple, 

Note 2. The permanganate is reduced to Mn+ 2. 

llO 
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23 
Iron-55, 59 Purification ' Procedure 

The ferric hydroxide precipitate is dissolved in l0H nitric acid 

and extracted into 0.6H thenoyltrifluoroacetone-xylene. The organic phase 

is washed with 4M nitric acid and 0.25M hydrofluoric-nitric acid mixture in 

order to remove zirconium-95. The iron is back-extracted with concentrated 

hydrochloric acid and finally plated onto a copper disk for radioassay. 

(a) Dissolve the Fe(OH)3 precipitate from the sequential separation 

in 3 ml of concentrated HN03, add 10 ml of lOM HN03 and 1.3 ml 

of 30% H2o2
. Transfer the solution with water to a 60 ml 

cylindrical separatory funnel and add 15 ml of freshly prepared 

0.6M 2-thenoyltrifluoroaceton~(T'fA)-xylene .solution :(Note ,l.). 

Stir the mixture for 15 minutes with a high speed motor stirrer. 

(b) Withdraw and discard t1 w aqueous phase. Wash the sides of the 

separatory funnel with several ml of water, stir for one minute. 

Withdraw and discard the aqueous wash solution. 

(c) Add 15 ml of freshly prepared 4M HN03 - 3% H2o2 solution and 

perform a one minute scrub. Centrifuge and withdraw and discard 

the aqueous scrub solution. Wash the sides of the separatory 

funnel with several ml of water. Withdraw and discard the wash, 

(d) Repeat step (c). 

(e) Add 15 ml of 0.25M HF-0.25H HN03 solution, perform a one minute 

scrub and discard the aqueous scrub solution. Repeat this step 

twice more. 

(f) Add 7 ml of concentrated HCl and stir until the organic phase 

is decolorized (about 10 minutes). Withdraw the aqueous phase 

and repeat the back-extraction with an additional 5 ml portion 

of concentrated HCl. 
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(g) Combine both aqueous portions and precipitate Fe(OH) 3 with excess 

concentrated NH40H. Centrifuge and discard the supernate. 

(h) Dissolve the precipitate from step (g) in 5 drops of concentrated 

HCl and evaporate to dryness by gently heating over a flame. 

Dissolve the residue in 2 ml of water, add 1.5 ml of "Phosphate 

Buffer" (2.32M NH4tt2P04) and 8 ml of "Carbonate Buffer"(Note 2). 

(i) Transfer the solution t o the el ectrodepos i tion unit containing 

a tared copper disk ( Note 3) with 5 ml of "Carbonate Buffer" 

solution. Electrodeposit for 2 hour~starting at 450 m.a. for 

15 minutes, and increasing to 500 m.a. 

(j) On completion of plating, remove the copper disk and wash 

i1TDT1ediately with water and anhydrous "Anhydrol ". Pat <lry with 

a Kimwipe and weigh for chemical yield (Note 4). Immediately 

cover the disk with a thin coating of Keylon, dry, mount and 

radioassay. 

Note 1. 0.6M TTA-xylene: 12 gm TTA/100 ml of xylene. 

Note 2. The "Carbonate Buffer" solution is made by dissolving 

392.5 g (NH4)2 co4 :in 175 ml of concentrated NH40H and diluting to 1 liter with 

water. 

Note 3. The copper disk has t o be thoroughly washed with a cleansing 

compound, distilled water and anhydrous "Anhydroltt prior to taring. 

Note 4. Adjust the yield utilizing the elemental iron value derived 

by spectrophotometric analysis. 
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24 
Iron Colorimetric Procedure (Ortho-Phenanthroline Method) 

The iron is reduced with hydroxylamine hydrochloride, the orange-red 

Fe(ll) complex of 0-phenanthroline is formed and the spectrophotometric detennination 

is made at 510 mµ. Oxidizing agents cause the major interference. The color is 

stable for about 12 hours after a 5-10 minute color development. The recommended 
) 
I 

range is from 25 to l00y of iron in 25 ml of solution using a 1 cm cell, 

(a) Transfer an aliquot of the sample to a 25 ml volumetric flask (Notes 1 

and 2) add 1 ml of 35% hydroxylamine hydrochloride solution, l ml of 

1% ortho-phenanthroline in anhydrol solution and 15 ml of 40% ammonium 

acetate solutio·n. 

(b) Dilute to the mark and mix well . 

(c) Rinse a 1 cm cell with three por t ions of the solution and transfer the 

solution to the cell, 

(d) Convert the photometric readings to milligrams of iron as follows: 

Total milligrams Fe = Ax Bx 1000 
C 

Where A = original volume of sample in milliliters. 

B = micrograms of Fe in the aliquot used (from calibration curve) 

C = volume of aliquot in milliliters 

Note 1. Two aliquots of the standard solution and 5 ml of water should 

be transferred to separate 25 ml volumetrics and processed with the sample, 

Note 2. To prepare the standard solution dissolve 0.5000 gm of pure 

iron in 50 ml of HCl (2:1) and dilute to 1 liter in a volumetric flask. Dilute 

100 ml of this solution to 1 liter in a volumetric flask. This solution is used 

for calibration. Transfer 1.0, 2.0, 3.0, 4,0 and 5.0 ml of standard solution to 

separate 25 ml volumetric flasks. Transfer 5 ml of water to a separate 25 ml flask 

for use as a blank. Proceed with steps (a) through (d) of the procedure. Plot the 

photometric absorbance readings versus micrograms of ml of solution. 
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25 
__fobalt-57, 58, 60 Purification Procedure 

Cobalt is purified by two potassium cobaltinitrite preci.l:Jitations, a 

palladium sulfide and copper sul f ide scavenge plus two ferric hydroxide :::c~vengcs. 

Finally the cobalt is plated on a copper disk and radioassayed. 

(a) Dissolve the K3Co(N02 \ precipitate in 5 ml of concentrated HCl and 

boil for several minutes to remove dee anposition products. Add 10 

mg of nickel carrier and dilute t o 25 ml wi.th water. 

(b) Precipitate nickel and cobalt hydroxides with lOM KOH, Centrifuge 

and discard the supernate . 

(c) Dissolve the precipitate in 3 ml of 6M J~2H3o2 and heat slightly if 

necessary in order to dissolve the precipitate. Dilute to 25 ml with 

water and cool to room temperature. 

(d) Precipitate K3Co(N02\ by adding 6 ml of 3M HC 2H302 that is freshly 

saturated with KN02 ( Note 1). Allow 30 minutes for complete pre­

cipitation. Centrifuge and discard the s upernate. Wash the pre­

cipitate wi t h 30 ml of water, centrifuge and di scard the wash. 

(e) Dissolve the K3Co(N02)6 precipitate in 5 ml of concentrated HCl, 

boil almost to dryness, add 2 drops of palladium carrier (10 mg 

Pd/ml) and 4 drops of copper carrier (10 mg Cu/ml). Dilute to 

20 ml with water and add 2 ml of lM HCl to make the solution 

approximately O.lM, 

( f) Heat the solution almost to boiling and bubble H
2
S gas through 

the solution for 5 minutes. Filter the sulfide precipitate 

through Whatman No. 42 filter paper (9 cm) contained in a zn, 

0 
60 glass funnel and collect the filtrate in a 125 ml erlenmeyer 

flask. Wash the original centrifuge tube with 5 ml of water, 

pass the water solution through the filter funnel and combine with 

the filtrate in the erlenmeyer flask. Discard the sulfide precipitate. 
1J.4 - -
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(g) Boil the f iltrate almost to dryness (Note 2) to remove excess H2S, 

add 5 ml of water and transfer the solution to a 40 ml centrifuge 

tube t:sin~ al.,out 10 ml of J N HCl a~ r1 transfer agent. Add 4 drops 

of iron carrier (10 mg Fe/ml) and precipitate Fe(OH)3 by addition of 

concentrated NH4OH (Note 3). After the Fe(OH)3 has been completely 

precipitated, add about 0.5 ml of NH4OH in excess. Centrifuge and 

discard the precipitate. 

(h) Acidify the supernate with 6M HCl, add 4 drops of iron carrier and 

repeat the scavenge as in step (g ) . 

{i) Transfer the supernate from the Fe(OH)3 scavenge to a clean 40 ml 

centrifuge tube and precipitate CoS by bubbling H2S gas through 

the solution for 2 minutes. Centrifuge and discard the supernate. 

(j) Transfer the CoS precipitate with 5-10 ml of water to a 125 ml 

erlenmeyer flask, add 10 ml of con:~entrated HNO3 and evaporate to 

approximately 5 ml. Transfer the solution to a 100 ml beaker and 

wash the erlenmeyer twice with water, adding the washes to the 

beaker and evaporate to 1-2 ml. 

(k) Add 3 ml of concentrated tt2so4 and heat to SO3 fumes. Cool, slowly 

add 5-10 ml of water and again cool. Neutralize the solution with 

concentrated NH4OH , add 2 grams (NH4)2so4 and electroplate the 

cobalt on a tared 7 /8" diameter copper disk.. Begin plating at 

3-4 volts and 0.10 amps. After the first half-hour increase the 

current to 0.20 amps and plate for 4 hours. Upon completion of 

plating the solution should be colorless. 

(1) Dismount the copper disk from the piating cell, wa::;h the disk with 

j • water and acetone, dry in a desiccator and weigh the Co metal for 

chemical yield. Mount on a nylon planchet for radioassay. 
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Note 1. Maintain a saturated solution by repeated addi t ion of KN02. 

Note 2. The H2S is removed to prevent precipitation of CoS in the 

Fe(OH)~ scavenge step . .., 

Note 3. If, at the addition of NH40H, the green color of Co(OH)2 
appears, add HCl until the color disappears and proceed with the Fe(OH) 3 
precipitat ion, 
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2(, 
Cadmium-1091 113m, 115m Purifi cation Procedure 

The cadmi um fraction is purified by several admium sulfide precipitations 

and iron, silver and palladium scavenges. The cadmium is electroplated on copper 

for radioassay. 

(a) To the supernate cont aining the separated cadmium, add 6N HCl until 

the pH is 1.5. Bubble H2S gas t hrough the solution for 5 minutes, 

centrifuge and discard the supernate. 

(b) Dissolve the CdS precipitate in 5 ml of 6N HCl and boil over a flame 

for approximately 2 minutes. Add 2 drops of palladium carrier 

(10 mg Pd/ml), heat to boiling and saturate t!'ae solution with H2S 

gas for 3 minutes. 

(c) Digest the precipitate in a hot water bath for 5 minutes, cool to 

room temperature, add 2 drops of aerosol and ceutri fuge. Transfer 

the supernate to a clean 40 ml centrifuge tube and discard the pre­

cipitate. 

(d) Evaporate the supernate to dryness in a hot sand bath or over a 

flame. Dissolve the residue in 15 ml of water, add 3 drops of 

iron carrier (10 mg Fe/ml) and 1 ml of 6M NH4C2H3o2. Heat the 

solution to boiling over a flame and digest for 5 to 10 minutes 

in a hot water bath. 

(e) Cool the solution to room temperature, centrifuge and discard the 

precipitate. To the supernate add 1 ml 6M NH4C2H3o2 , heat to 

boiling over a flame, add 3 drops of iron carrier {10 mg Fe/ml) 

and digest in a hot water bath for 5 to 10 minutes. 

(f) Cool the solution to room temperature, centrifuge, transfer the 

supernate to a clean 40 ml centrifuge tube and discard the p1~-

cipitate. 
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(g) T the supernate add 6N HCl until a pH of 1.5 is reached and heat in 

a hot water bath . Saturate the olution with H2S gas for three 

minutes (Note 1). Cool to room temperature, centrifuge and discard 

the supernate . 

(h} Add 2 rr.l concentrated HN03 and boil over a flame until the CdS 

precipitat i dissolved. Dilute to 5 ml with water, add 5 drops 

of silver arrier (10 m /ml), 1 ml f lM HCl, stir and digest in 

a hot water bath for 5 minutes . C ol, cen rifuge and discard the 

precipitate. 

(i} Add water until a pH of 1.5 is obtained and hea in a hot water 

bath for 5 minutes . Saturate the solu ion with tt2s gas for 3 

minutes, cool to room temperature, centrifuge and discard the 

supernate. 

(j} Repeat steps (b) through (g), twi e . 

(k} Dissolve the CdS precipita e in 5 ml of 6N HCl and evaporate to 

dryness. 

(1) Wash down the wall of the centrifuge tube with approximately 1 ml 

of water, add 6 drop of concentrated tt2so4 and boil over a flame 

until so3 flDlle are given off. Cool, again wash the sides of the 

centrifuge tube with 1 ml of water and heat to so3 fumes. 

(m} Cool, add 3 ml of wa er to di olv the CdS04. Again cool and add 

12H Na0H, a drop at a tim, until the fir t permanent Cd(0H)2 
precipitate is formed. 

(n) Add 10% solution of KCN until the precipitate dissolves and transfer 

the solution to the electrodeposition unit containing a tared copper 

disk ( Note 2). Wash the centrifuge tube with 5 to 7 ml of O. 03% 

solution of gelatin and tran fer the wa h to the lectrodeposltion unit. 

Electroplate fr 3.5 hour at 6 .0 vol . 
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(o) On completion of plating, rem ve the copper disk and wash for 

several minutes with hot water and then with anhydrous "Anhydrol". 

Dry the disk and weigh the cobalt metal for chemical yield. Mount 

on a brass planchet for radioassay. 

Note 1. If a precipitate does not form, add water until it does. 

Note 2. The copper disk should be thoroughly washed with a cleaning 

compound, distilled water and anhydrous "Anhydroltt prior to taring. 

119 



Isotopes, Inc. 

27 
Antimony-124 1 1~5 Purification Procedure 

The separated antimony sulfide i di sol 1ed and another sulfide pre 

cipation is performed. The a timony is finally precipit ated as metal with 

"Oxsorbent". The metal is mounted and radioassayed. 

(a) Dissolve the separat d Sb2s5 precipitat in 4 ml of concentrated 

HCl and boil over a flame for two mi11utes. If the precipitate 

does not compl tely dissolve, add 4 to 5 drops of 30% H2o2 and 

boil. 

(b) Add 10 mg of rhodium carri r, 10 mg of ruthenium carri rand 4 drops 

of 30% H2o2. Ha the olution to boiling, cool, add 4 drops of 

3% H2o2 and evaporate to · dryne in a hot air bat\1. 

(c) While still hot add 20 ml 6N H2so4, bubble H2S gas into the solution 

for ten minutes, cool, centrifuge and discard the supernate. 

(d) Wash the precipitat from step (c) with 5 ml of 3N H2so4 , centrifuge 

and discard the wash. Add 5 ml of concentrat d HCl and heat the 

solution to boiling. Cool, dilute to a total of 15 ml with water. 

Centrifuge and filter the upernate through Whatman No. i2 filter 

paper, collecting the filtrate in a 125 ml erlenmeyer flask. 

(e) Add another 5 ml of conc~ntrated HCl and heat the solution to boiling. 

Cool, dilute to 15 ml with water and filter through the same Whatman 

filter paper used in step (d). Combine the filtrate with the filtrate 

in the erlenmeyer flask. 

(f) Wash the precipitate with concentrated HCl, filter through the Whatman No. 

42 filter paper and combine the filtrate with the filtrates f rom steps 

(d) and (e ). 

(g) Add 5 ml of "Oxsorbent" (CrC12 solution) (Note 1) to the erlenmeyer 

flask, heat to boiling, cool and add an additional 5 ml "Oxsorbent". 
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Cool , centrifuge anr1 carefully decant and discard the supernat • 

Wash with 10 ml of water, centrifuge, decant and discard 

the wash, Filter the antimony metal onto a tared ~-lhatman No. 42 

filter paper using ater as a transferring agent. Wash the precipitate 

with three 5 ml port ions of anhydrous "Anhydrol". Dry in ,m oven at 

110°c for 10 minutes, cool in a desiccator, weigh and 1T10unt on a 

brass planchet, 

Note 1. The 5 ml of "Oxsorbent" is added to the solution via a 5 ml 

pipette. The tip of the pipett e is immersed in the solution and the "Oxsorbent" 

is allowed to enter the soluti n without coming into contact with air. A clean 

pipette is used for each addition to each sample, 
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28 
Thallium-204 Purification Procedure 

The separated Tll precipitate is dissolved in 6H HNO 3 and subjected to 

a series of tellurium metal and lanthan~un hydroxide scavengings . Finally, after 

several Tll precipitations, the thallium acti vity is mounted as thallium chromate 

and is rad ioassayed . 

(a) Dis olve the eparated Tll precipitate in 5 ml of 6M HNO3 by boiling 

over an open flame. Hat until iodin vapor are no longer evident . 

Tran fer th elution to a 125 ml erlenrneyer flask with water as 

t ran f r a ent. 

( b) And 1 ml of llurium arrier (10 mq Te/ ml), 5 ml of concentrated HCl 

ar,d ap a t dryn . Add 5 ml of concentrated HCl and evaporate 

to dr n th r mor im . 
(c) While i ll wa add 20 ml f 3M HCl, approximately 1 ml of N2H2H2O 

(hydrazin -h dra and h at t boiling. Add 1 ml of 6% H2so3 

continu t i. and mak four t o five successi e 1 ml additions of 

H2 SO 3 (Not 1 ) . 

( d) While still warm fil r the solution through a 2" 60° funnel using 

No. 42 Whatman filter paper. Colle~t the solution in a clean 125 ml 

erlenmeyer flask (Note 2). Wa sh the original flask and the pre­

cipitate with dilute H2so3 . Cornbin the wash with the filtrate 

and discard the precipitate. 

(e) Bring the volume of solution to approximately 75 ml with water , add 

1 to 2 gm. of Nal, Transfer to a 40 ml centrifug tube, cent rifuge 

and discard the supernate . 

(f) Add 5 ml of 6H HNO
3 

and heat the solution over an open flame until 

the 12 vapors are no longer evid nt; then add 7 drops of lanthanum 

carrier (10 mg La/ ml). 
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(g) Dilute the solution to 20 ml with water, heat over an open flame 

until the solution is hot and add 1 ml of H2so3 . While st ill wann 

make the solution ammoniacal by the dropwise addition of concentrated 

NH40H; then add 1 ml of NH40H in excess. 

{h) Centrifuge, transfer the supernate to a clean 40 ml centrifuge tube 

and 1iscard the precipitate. 

( · ) To the supernate add approximat ely 1 gram of Nal, centrifuge and 

discard the supernate. To the precipitate add 3 ml of 6H HN03 and 

heat over an open flame until 12 vapors are no longer evident. Transfer 

the solution to a 125 ml erlenmeyer flask with water. 

( j ) Repeat steps (b) through (i). 

{k) To the supernate, again add 1-2 grams of Nal,centrifuge and discard 

the supernate. 

(1) Repeat steps( - ), (g) and (h). 

(m) To the supernate from step (1) add 5 ml of 10% Na 2cr04 and allow the 

precipitate to stand at room temperature for 10 minutes. 

(n) Centrifuge and discard the supernate. Filter the precipitate onto a 

tared Whatman No. 42 filter disk with water. Wash the precipitate 

with 10 ml of water and three 5 ml portions of anhydrous ~nftydrol" .. 

Dry i n an oven at 110° C for ten minutes. Cool in a desiccator and 

weigh for chemical yield. Mount on a brass planchet for radioassay. 

Note 1. Particular care must be given to insure complete precipitation 

of tellurium metal. When the tellurium has been completely precipitated, the 

supernate is clear with no biuish tint. 

Note 2. If the solution stands too long before filtering white crystals 

will fonn. If this happens add 1 ml of H2so3 and heat. 
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Sequential Radiochemical Separation of Strontium-90, Cesium-137 and Plutonium-239 

Stronti um, ce ium and iron carri r are added and ferric hydroxide 

and strontium carbonat ar pr cipitat d, 1 aving cesium in the supernate. The 

pr ipitat is di solved, and the pluton~um is separated by a ferric hydroxide 

scavenge with ammonium hydroxide . A flow chart is shown in Figure 15, 

1. To an aliquot of the filter paper solution contained in a 40 ml 

glass centrifuge tub add 20 mg of trontium carrier, 1 ml of strontium-85 

spike solution (Note 1 ), 20 mg of ce ium car rier and 10 mg of iron carrier. 

2. Make the solution ba~i to pH 9 with 50% NaOH, digest in a hot 

water bath for 20 minutes, add 10 ml of aturated Na 2co3 solution , di gest for 

10 minutes in a hot water bath, cool, c ntrifuge and res rve the supernate for 

cesium-137 purification a described i n DA A 1300, Volume 1, page 133 (1961). 

3. Dissolve the precipitate in 5 ml of 6M HNO3, boil over a flame 

for two minutes to expel all CO2, di l u e to 15 ml wi t h water and make basic 

to pH 8. 5 wi t h concentrated NH
4

OH . Centri fug and re erv t he ferric hydroxide 

precipitate for plut nium-239 purif ication, a d scribed in DASA 1300, Volume l _, 

page 145 (1961). 

4, Reserve t he supe rnate fo r stront i um-90 puri fic at ion as described 

in DASA 1300, Volume 1, pag s 107 (step 13) and 117 (1961 ). 

Note 1. $trontium-85 pike i added to d tennine t he recovery of 

strontium. This eliminat th n d for a 0 ravim t ri c detennination of SrCO3. 

The strontium-8.S yield method i s de crib din DASA 1300, Volume 5, page 231 

(step m) (1961). 
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List of Reagents 

1, Carriers 

(a) Antimony: SbF 3 ( 30 mg Sb/ ml) 

(b) Thallium: Tl3O2 ( 20 mg TI/ r.il) 

(c) Cadmium: Cd(NO3)2• 6H2O (10 mg Cd/ml) 

(d) Cobalt: Co(N03)t 6H2O (20 mg Co/ml) 

(e) Iron: FeC13• 6H2O (20 mg Fe/ ml), (10 mg Fe/ml), (5 mg Fe/ml) 

(f) Manganese: HnC12, 4H2O (20 mg Mn/ ml) 

(g) Tellurium: TeO2 (10 mg Te/ ml) 

(h) Lanthanum: La(N03)3• 6H2O (10 mg La/ ml), (5 mg La/ml) 

(i) Rhodium: RhC13 (10 mg Rh/ml) 

{j) Ruthenium: Ru ( 10 mg Ru/ml) 

(k) Palladium: PdC12 (10 mg Pd/ml), ( 20 mg Pd/ml) 

(1) Copper: Cuc12, 2H
2
O (10 mg Cu/ml) 

(m) Strontium: Sr{N03)t 4H2O {20 mg Sr/ml) 

(n) Barium: Ba(N03)2 (20 mg Ba/ml), ( 50 mg Ba/ml) 

(o) Zirconium: ZrOClt BH2O {10 mg Zr/ml) 

(p) Yttrium: Y{NO3)3• 6H2O {10 mg Y/ ml) 

(q) Beryllium: Be{NO3)2• 3H2O (1 mg Be/ml) 

(r) Molybdenum: {NH4 )2Hoo4 (10 mg Mo/ml) 

(s) Tungsten: H2W04 {20 mg W/ml) 

(t) Bismuth: BiC13 (10 mg Bi/ml) 

(u) Niobium: Nb(Hc2o4)5 (10 mg Nb/ml) 

(v) Cerium: Ce(N03)3 6H2O ( 20 mg Ce/ml) 

(w) Iodide: NaI (10 mg I/ ml) 

(x) Iodate: NaIO3 ( 14 mg IO/ml) 

(y) Lead: Pb{NO3)2 (20 mg Pb/ml) 

(z) Cesium: CoCl (20 mg Cs/ml) 

2. Sodium Iodide (NaI) 

3. Sulfurous Acid (H2so
3

) 

4, Hydrogen Sulfide gas (H2S) 

s. Sodium Bromate (NaBr03, saturated, lH, 2H) 

6. Sodium Carbonate (Na2co3, saturated) 

7. Potassium Nitrate (KNO3) 
8, Hydrazine Hydrate (N2H2•H2O) 
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9. Sodium Chromate (Na 2cr04, 10%, l,SH) 

10. Anhydrous "Anhydrol" (conmercial product of denatured 95% ethyl alcohol available 

from c.p. Corrrnercial Solvents, Inc., Newark, New Jersey) 

Hydrogen Peroxide (H2o2, 30% 3%) 

Oxsorbent (CrC12 solut ion) 

"Aerosol" solution (1% wetting agent) 

Ammonium Acetate (NH4c2tt3o2, 6M, 40%) 

Potassium Cyanide (KCN, 10%) 

Phenolpthalein indicator 

Gelatin solution (0.03%) 

Ammonium Sulfate ( (NH4)2so4) 

Sodium Bismuthate (Na8i03) 

Phosphoric Acid (H
3

P0
4

) 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Oxalic Acid (C2tt2o2 2H20, saturated) 

2-Thenoyltrifluoroacetone, T,T,A. (0.6H in xyl ne) 

"Phosphate Buffer" (2.32 NH4H
2 

P04) 

"Carbonate Buffer" (392.Sg (NH4)
2 

co3 , 175 concentrated NH
4

0H diluted to one 

liter with H2o) 
25. 

26. 

27. 

28. 

29. 

o-phenanthroline (1% in "Anhydrol" solution) 

Hydroxylamine Hydrochloride (NH
2
0H•HCL, 35%, SH) 

Diethyl Ether (C2tt5o C2H5) 

Barium Buffer (l.lM C2H4o2 
and 2.8H NH4C2H

3
02) 

Hydrafluoric Acid (HF) 

30. Boric Acid (H3B03 , saturated) 

31. dl-Mandelic A id (C6H5CH(OH)COOH, 16%) 

32. Tri-n-butylphosphate 

33. tigroin (petroleum ether) 

34. Meta-Cresol purple indicator 

35. Ammonium Oxalate ( (NH4)2c2o4, saturated 

36. Acetone 

37. Fuming Nitric Acid (HN03, 90%) 

38. "Acetate Buffer Solution" (2HC2H402 - 4H NH4C2H302) 

39. Disodium Ethylenediaminetetra-acetate (saturated solution) 

40. Acetylacetone 

41. Benzene 
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42. "Beryllium Buffer Solution" (116 Citric Acid, 61. 5 grams of sodium borate 
decahydrate, 216 grams of sodium hydroxide, diluted to 1 liter) 

43. "Beryllium Dye Solution" (0.150 gr~m of 4-(p:..nitropheny_lazc;,) orcinol in ·500 ml 
of O.lN NaOH. Filter through a Millipore H.A. filter (0.45 mµ) 

44. Pyridine 

45. Phenylarsonic Acid (saturated solution) 

46. Dowex 1 x 2 Anion Exchange resin, 100 to 200 mesh 
47. Perchloric acid (HCl04, 70%) 

48. Magnesium Metal (Mg, powder) 

49. Tartaric acid (c4H6o6 , saturated) 

50. Anunonium Nitrate (NH4N03) 

51. Chloroform (CHC13) 

52. Cupferron (6% solution) 

53. Glacial Acetic Acid (C2H402) 

54. "Tungsten Buffer Solution" (lH c2H4o2 - 3.6H NaC2H302) 
55. 8-Hydroxyquinoline (5% solution in "Anhydrol") 
56. Sulfuric Acid (H2S04) 

57. Methyl isobutyl ketone 

58. Sodium Nitrite (NaN02, 2H) 
59. Carbon Tetrachloride (CC14) 

60. Sodium Bisulfite {NaHS03, lH) 

61. CX. -benzoin oxime (5% solution in "Anhydrol") 

62. Anunoniurn Hydroxide (NH40H) 

63. Sodium Hydroxide (NaOH) 

64. Nitric Acid (HN031 70%) 

65. Hydrochloric Acid (HCl) 
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Radiometric Assay Techniques 

Th~ final phase of the radiochemical analysis is the radiometric assay 

of the purified radionuclides. The diversity of samples measured necessitated the 

use of various beta, alpha, ganrna and ffX"-ray detecting devices which are described 

in the following sections. 

Bet a C unting 

Beta emitting nuclides are counted on one of four types of counters 

designed to give optimum net count rates and backgrounds. Thes~ types of counters 

are des i gnated a 

1. "Xff Counters - (20 counters) 

Thin window, Geiger madP ; gas flow (99% helium, 1% 180 lsobutane) detectors 

with anti coincidence guards and four inches of load shielding around each 

bank of 4 detectors . The backgrounds are approximately 0.5 cpm. The usual 

counting period is 5 hours. The limit of detection is 0.15 cpm. 

2. "L" Counters - (12 counters) 

SeaJed, Geiger made detectors with anti coincidence guard tubes and lead 

shielding. The backgrounds are approximat ely 2 cpm and the co,mting periods 

are up to 5 hours. 

3. "H" Counters - (4 couuters) 

Sealed, Geiger made detectors with 2" of lead shielding. The dead time is 

less than 50 micro seconds. The backgrounds are approximately 5 cpm. The 

usual counting periods are 5-30 minutes. 

4. "A" Counters - (2 counting systems) 

Automatic sample changers, with the• detectors operating in the proportional 

mode and shielded with lead. Gas flow detectors using 10% methane - 90% argon. 

The backgrounds are approximately 10 cpm. 

The counters are calibrated for efficiency with known activity standards 

for the nuclides listed in Table 10. The rad i ochemically sepa1"8ted nuclide from 
129 



Isotopes, Inc. 

a sample i s mounted on a brass planchet and counted nn the appropriate counter 

to give the optimum count rate consistent with the level of activity. The purity 

of the sample is che ked ei ther by the aJsorber ratio method with aluminum ab­

sorbers or by following the half life for a minimum of 3 counts for nuclides with 

half lives of less than a few weeks, 

Samples which contain more than one beta-emitting isotope of the same 

element are measured either by counting a daughter product of one of the isotopes 

or by absorber discrimination if thE? isotopes have markedly different energies. 

For example, in samples containing strontium-90 and strontium-89, the yttrium-90 

daughter of strontium-90 is measured, and the strontium-89 activity is calculated 

by subtracting from the total count of the strontium fraction the contribution 

attributable to strontium-90 and yttrium-90. The absorber technique is used 

to measure samples containing phosphorus-32 and phosphorus-33. The phosphorus-32 

activity is obtained by counting the sample with an absorber thick enough to 

remove the 0.26 Hev beta of phosphorus-33. This activity, corrected for counting 

efficiency, is then subtracted from the counting rate obtained when the samo 1 ~. 

is counted without absorbers, and the phosphorus-33 activity is calculated. 
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Table 10, SW1111ary of Beta Counting Procedures 

Predominant Purity Limit of 

Nuclide Energy (Hev) Half Life Measurement Detection (cpm) 

Na22 0.55 2. 7 y. Absorber ratio 4 

. I p32 * 1.7 14 d. Half life 1.2 

p33 * 5 

• I 0.26 25 d. Half life' 

Co60 0.31 5. 3 y. Absorber ratio 4 

Sr89 1.5 54 d. Half life 1.2 

Sr90 0.6 19.9 y. 90 Y counted 4 

y90 2.2 62 h. Half life 1.2 

y91 1.55 60 d. Absorber ratio 1.2 

Zr95 o. 37 65 d. Absorber ratio 5 

Mo99 1.2 67 h. Half life 1.2 

Cdll3m • 0,5 5 y. Absorber ratio 4 

CdllSm * 1.6 43 d. Half life 1.2 

1131 0,61 8.1 d. Half life 3 

Csl37 0.52 33 y. Absorber ratio 4 

Bal40 1.0 12. 8 d. Half life 2 

Lal40 1.32 40 h. Half life 1.2 

Cel41 * 0.44 32 d. Half life 4 

Cel44 • 
0.30 282 d. Absorber ratio 5 

144 
( Pr counted) 

Pml47 0,227 2.4 y. Absorber ratio 5 

TI204 0.77 3 y. Absorber ratio 2 

Bi210 1.17 5 d. Half life 1.2 

* Absorber discrimination between isotopes is used. 
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Ganrna-ray Spectrometry 

There are three Nal(Tl) crystals presently being used for ganna ray 

spectrometry: a 3" x 3" cylindrical Nal(Tl) crystal, a 2 1/2" x 1 3/4" "well" 

type Nal(Tl) crystal and a O. 020" x 1 1/ 4" "thin" Nal(Tl) crystal. The thin 

cyrstal is used to assay weak gamma or x-radiation. Each crystal is used with 

a multi-channel pulse height analyzer. 

Samples are mounted o,n planchettes and either counted on top of the 

3" x 3" crystal or the "thin'r crystal or placed 1 n a culture tube and counted 

in the well of the nwell" type crystal. 

The spectrum from the gamma radioassay is stored and displayed in 

the multi-channel analyzer . The spectrum will normally consist of a photopeak 

for each energy gamma radiation present in the nuclide . There is also associated 

with each photopeak a compton which is seen a& a continuum on the low energy 

side of the peak. Other peak may also be produced as a result of annihilation 

(0.51 Hev. gamma rays), coincidence summing, pair production, etc. 

The method f calculating the di integration rate after background 

subtraction is to sum the total number of counts under the curve of one or 

more photopeaks and applying a previously determined detection efficiency. 

For spectra that contain photopeaks of more than one nuclide, spectrum 

stripping may be required. To accomplish this the spectra of radiochemically 

pure samples of the nuclides represented are used, beginning with the one which 

contributes to the highest energy peak and pro~eeding to those which contribute 

peaks of lower energy. These spectra, which are stored on magnetic tape, may 

be fed back into the analyzer as needed. The spectrum of a standard sample 

of the appropriate nuclide is normalized to make the total count under the 

highest energy photopeak equal to the total count under the same photopeak in 

the spectrum which is to be stripped. The entire normalized spectrum of the 
132 
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standard is then subtracted from the spectrum of the sample being analysed, 

using the electronic memory cf the multi channel pulse-height analyzer. The 

process is then repeated using the spectrum of a standard sample of the nuclide 

which contributes the highest energy peak in the residual spectrum of the sample 

being analyzed. The c1ctivity of each of the nuclides present in the sample is 

detennined by measuring the activity under its highest energy photopeak before 

it is stripped. 

The spectra of radiochemically pure standard samples of the nuclides 

being measured are compared to the spectra for the saq,les being analyzed to 

check their purity. In addition, about 10 per cent of all beryllium-7 and 

yttrium-BS samples are followed for decay to detennine their purity by half 

life measurements. Corrections are made for aliquot and chemical yield. 11te 

activities are corrected to collection date by using the proper half life. 

Table 11 lists the nuclides and pertinent infonnation for samples assayed 

via gamma ray spectrometry. 
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Table 11. SUl'IIJlary of Ga11111a Counting Procedures 

Limit of Det ction 
Photopeak for 2 .hour 

Nuclide Energy(Hev) Half Life Detector Geometry Count (dpm) 

Be7 0.48 52.9 d. Well 1-2 ml solution 198.9 

Hn54 0.84 310 d. 3x3 Planchet 63.8 

Well 1-2 ml solution 39.8 

Co57 0.122 270 d. 3x3 Planchet 15.5 

Well 1-2 ml solution 5.3 

Coss 0.81 71 d. 3x3 Planchet 58.8 

Well 1-2 ml solution 39.5 

Fe59 1.10 and 1. 30 45 d. 3x3 Planchet 55.0 

Well ., -2 ml solution 78.0 

Co60 1.17 and 1. 33 5. 3 y. 3x3 Planchet 44.4 

Well 1-2 ml solution 26.0 

y88 1.85 108 d. 3x3 Planchet 57.3 

Well 1-2 ml solut :. on 50.9 

Zr95 o.76 65 d. 3x3 Planchet 60.1 

Well 1-2 ml solution 39. 0 

Cdl09 * 0.024 470 d. Thin Planchet 2.76 

Sbl24 0.605 60 d. 3x3 Planchet 37.5 

Well 1-2 ml solution 20.8 

Sbl25 0.60 2.7 y. Well 1-2 ml solution 88.4 

Cel41 0.145 33 d. 3x3 Planchet 37. 8 

Cel44 0.134 280 d. 3x3 Planchet 149.3 

Well 1-2 ml solution 51.6 

* The inter laboratory calibEation of a ijadmium-109 tracer solution resulted in dn . 
assigned value of 2.5 x 10 dpm/gram. 2 Using this value the detection efficiency of 
the cadmium-109 x-ray 5.s 38.0%. 
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1
X-Ray Proportional Counting 

Iron-55 {half life= 2.9 years} is mea~ured using an internal gas 

flow proportional counter with 10% methane and 90% argon as the counting gas. 

The background of the detector is reduced to approximately l cpm by an anti­

coincidence guard and 4 inches of lead shielding. The iron-55, with the 

iron carrier, is plated onto a disk and is placed 1/4 inch from the thin 

window of the proportional counter. The 6.4 Kev x-rays produced by electron 

capture are critically absorbed in the counting gas and the counting rate 

is recorded. 

From a calibration of the counter with known samples ~f varying 

weights the variation of detection efficiency as a function of sample weight 

is established, permitting assaying of samples of unknown activity. The 

purity of the sample is established by absorber counting with berylli\lll 

absorbers. 
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Alpha Counting 

Alpha emittors such as poloni um-210 and plutonium-239 are measured 

usinga scintillating phosphor (ZnS) coat on the face of a photomultiplier tube. 

The alpha mittor~ plated on a disk, is placed close to the phosphor surface 

and the alpha radiations are detected and counted. 

The 5.3 Hev alpha from polonium-210 (half life= 138 days) and the 

5.2 Hev alpha from plutonium-239 (half life = 24,000 years) are assayed . As 

a check, alpha samples are counted with both ZnS detectors . The backgrounds 

are about 0.2 to 0.3 counts per minute and the counting efficiencies approxi­

mately 40 per cent for each dEtector. 
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CHAPTER 5. THE STRAroSPHERIC DISTRIBUTION OF NUCLEAR DEBRIS 

By the nd of the 1958-1961 test moratorium the stratosphere contained 

only ra ther low con entrations of nuclear debris from test series perfonned 

during 1958 and previous years. The concentrations in the Northern and Southern 

H mispher s wer approximately equal. The resumption of atmospheric testing 

by the Sovi~t Unio l p:~mber 1961 resulted in the presence of high concen-

trati ons f . 11 ·l ar debris in the Northern H~misphere during the last third 

of 1961 a!1d the fi r •·t hird of 1962. However, the stratosph re of the Southern 

H mi ph r . continu~d o display mainly low concentrations of old debris. 

Thi pattern was changed during the second third of 1962 by the 

r sumptio of atm0sph ·ri t sti g of nuclear weapons y t h~ United States at 

Clui tmas ll:>land. Debris from these tests was inject ed into the equatorial 

s ratospher, from which it gradually spread toward both poles. During the 

fina l t hird of 1962 atmospheric t (:: sts by the Soviet Union again injected 

lar qua!lti tie-=> of nucl ear debris into the northern polar stratosphere 

produci~g v ry high co centrations of strontium-90 and of other fission 

products in hat region . The stratospheric concentrations in the Northern 

H mi phere continued to exceed those in the Southern Hemisphere throughout 

t he first two-thirds of 1963. 

In t h uc e ding sections of this chapter we will discuss the 

dist ribution within t h Star Dust sampling corridor during 1961 to 1963 of 

total beto. acti. i ty, of strontium-90 and other fission products, and of 

several "t rac r " nuclides, such as rhodium-102, manganese-54 and antimony-124. 

Whil t otal b t a acti vity may be used to indicate the presence of fresh debris, 

strontium-90 may be us d as a measure oft e burden of long-lived activity 
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from all past injections. Short-lived fission products may also be used as 

indicators of fresh debris and fission product ratios may be used to distinguish 

debris from different injections. Rhodium-102 may be used as a tracer for 

debris from the 1958 rocket shot Orange, and manganese-54, lron-55, antimony-124 

and several other products of neutron activation serve as tracers for debris 

from high yield Soviet tests during 1961 and 1962. 

The Concentrations of Total Beta Activity 

The mean 6 month distribution of total beta activity in the Star 

Dust sampling corridor for the period June-September 1961, and the mean monthly 

distributions from October 1961 to August 1962 are shown in Figures 16 to 27. 

Because of the high specific activity of short-lived fission products, 

the total beta activity increases enormously when fresh dLbtis from J <' : P t 

nuclear tests is injected into the stratosphere. High concentrations of fresh 

debris are reflected in the very high total beta activities encountered in the 

Star Dust sampling corridor during the months following the Soviet tests of 

late 1961 (Figures 16,17 and 18), the United States tests of mid-1962 (Figures 

20,21 and 22), and the Soviet tests of late 1962 (Figures 22,23,23 and 25). 

On the other hand, as the stratospheric debris ages and mixes with the sur­

rounding air the total beta concentrations decrease, at first quite rapidly 

and then more slowly. Such decreases are evident in the northern polar 

stratosphere during the first half of 1962 (Figures 18,19,20 and 21), in the 

tropical stratosphere during the latter half of 1962 (Figures 21,22 and 23), 

and in the northern polar stratosphere during 1963 (Figures 24,25,26 and 27). 
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Isotopes, Inc. 

The Concentrations of Short-Lived Fission Products 

JXiring the periods of weapon testing, when fresh debris has been 

encountered by Star Dust missions, several short-lived fission products have 

been added to the scheme of analysis of the filter samples. These have 

included barium-140, iodine-131 and molybdenum-99. The distributions of 

these nuclides indicate the distribution of the fresh debris, but they are 

useful especially for detennining the apparent age of the youngest component 

of the sampled debris. 

Figures 28 and 29 show the distributions of barium-140 in the Star 

Dust sampling corridor during mid-1962, when debris from the United States 

tests at Christmas Island was being intercepted- The similarity of the patterns 

of these distributions to those of the total beta activity during these month& 

(Figures 20 and 21) is not unexpected. The barium-140 data, like the total 

beta data, suggest that in the layer between 45 and 55 thousand feet the 

debris injected at low latitudes show rapid movement toward the pole, but 

in the layer between 60 and 65 thousand feet it shows only relatively .slow 

poleward movement. 

The distributions of barium-140 during December 1962 to March 

1963, when debris from the late 1962 Soviet tests was being intercepted, are 

shown in Figures 30 Hnd 31. The general pattern of these disttibutions 

resembles that of the total beta activity during these months (Figures 23, 

24 and 25). During December 1962 to February 1963 barium-140 activities 

encountered at 25° to 50°N often exceeded those encountered poleward of 

50°N, but by March 1963 the highest activities were found near the latitude 

of injection in the polar stratosphere. An explanation of the phenomenon 

may be sought in the configuration of the po lar night circulation and in 
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laotopes, Inc. 

the changes which occurred in this circulation during the first few months 

of 1963. 

It is noteworthy that while fresh debris moving poleward from an 

equatorial injection is most likely to be encountered at about 50 thousand 

feet at 3O~ (Figures 28 and 29), fresh debris moving equatorward from a 

polar injection appears more likely to be encountered at 60 thousand 

feet or higher at 3o•N (Figures 30 and 31, and also Figures 16,17 and 18). 

This could indicate the existence of an organized circulation affecting the 

movement of debris in the vicinity of the tropopause gap. An attempt is being 

made in the development of the Star Dust model to introduce tenns for a 

limited circulation which will duplicate these observations. 

If two or more relatively short-lived fission products are measured 

in a sample, the fission product ratios may be used to calculate the apparent 

age of the youngest component of nuclear debris contained in the sample. 

The fission product rati.os in the sample are compared with those expected 
' O 

in nuclear debris at the time of its production. : ~· all of the debris in 

the sample were from a single event and it were unfractionated, any fission 

product ratio could be used. The greatest precision would be obtained, 

however, by using the ratio between a short-lived nuclide and a long-lived 

nuclide, since this ratio would change rapidly with time. In practice we 

are limited in our choice of nuclides by the necessity that the short-lived 

nuclide& still be present in the samples in measurable quantities when they 

are receiverl for analysis. Holybdenum-99 {half life=2.75 days) and iodine-131 

(half life=s.0 days) have been used successfully for age detenninations of 

Star Dust samples, but even they have been measurable in only a fraction of 

152 

-

t 
( --.. 
-.. . 
J 
• 

J . .. 
t 



r-
: 

-­. 
----1 

r-
: 

Is
ot

op
es

, 
In

c.
 

r-
-:

 
~
 

-I 
L

A
T

IT
U

D
E

 

~
 
~
 

1
-

• 
" 

~
 

6
0

°N
 

3
0

°N
 

o
• 

3
0

•5
 

6
o

•s
 

9
0

°S
 

7
0

 

6
0

 

!S
O

 

4
0

 I 

) 
.. 

(<
 

-...~
 

I 
I 

--
=

=
~

..
,.

, 
I 

I 
-a

u
u

 ~
 

__
,✓
 I

 

~ 4
0

 
' 

~
-

_
/
 ~ 

IO
O

O
 

5
0

0
_

 

. 
IO

O
O

 
~

-
-

--
--
~ 

~
0

.5
 

5
0

 
~
 

<
Q

I 

-

~ 
3

0
la

--
--

~
 

-1
! 

.
,
,
 

M
A

Y
 

19
62

 
d

p
m

 a
o1

4
0 1

s
c
F

 
(c

o
rr

. 
to

 1
5 

M
oy

 6
2

 
-0 .g 

2
0

 
.,, 

.,, ~ - - II
.I 0 =>

 .... ~
 

<
( 

90
•N

 
6

0
°N

 
3

0
°N

 
0

° 
3

0
°S

 
6

0
°S

 
9

0
°S

 

7
0

 
I 

I 
I 

I 
I 

T
-"

 
ado

 
I 

I 
I 

I 
I 

I 
I 

I 
J 

I 
I 

1 , 
-.

,5
 

/ 
/ 

I 
\ 

I 
I 

6
0

 

5
0

 

4
0

 

3
0

 

2
0

 

I 
V

 
, , 

~
~
 

l 
-.

,7
0

0
 \

 '
, 

0 
-
~

 -
.,

2
0

0
()

 
'
\
 

_
_

 I 
-
-
-
-

\I
 

-
-
-
-
-
-
-

.,
-

-
-
-
-
-

!'
?

6
 

_
..

,,
 

~
3

0
 

SO
 

,.
 
-
-
-
-

-
✓
 

/ 
r 

,
'
 

-
.
.
_

 
_

,.
,,

, 
/ 

--
--

-1
0

--
""

" 
✓ 

-
, 

. 
1

0
-

'
-

✓ 
✓
 

/ 
• 
,.

_
J
Q

~
-

' 
'-

.. '
-

,o
o

_
 .... ,

. ..
... ..

, ...
.. 

' 
... .

,:
-__

__
 ,,,

 
,,, -- -

►
-
-
-
~
 -

_z
; 

-
'--

-':
>

 

-
-
-
-
-
-
-
-
-
-
-
L

.
.
-
-
-
L

-
-
.
.
.
.
_

 _ 
_

_
.~

-
-
'-
-
~

-
l 

L
_ 

JU
N

E
 

1
9

6
2

 
d

p
m

 B
o1

4
0 I

S
C

F
 

(c
o

rr
. 

to
 1

5 
Ju

n
 6

2
) 

F
IG

U
R

E
 

2
8

 •
 

D
IS

T
R

IB
U

T
IO

N
 

O
F 

B
A

R
I U

lv
l-

1
4

0
 l

t'3
 

T
H

E
 

S
T

A
R

 
D

U
S

T
 

S
A

f\t1
P

L
I N

G
 

C
O

R
R

 I 
-

D
O

R
, 

M
A

Y
 

A
N

D
 

JU
N

E
 

1
9

6
2

 



' 

• 
Is

o
to

p
e

s,
 I

n
c.

 

9
0

°N
 

7
0

 

- • 
6

0
 

• - o 
5

0
 

.,, 'S
 

: 
4

0
 

--

6C
>°

N
 

_
,3

 

) 

3
0

°N
 

L
A

T
IT

U
D

E
 

0
° 

\_
,3

0
0

 
) 

_
,3

 
~
 

/ 
r-

•
o

--
-:

 3 
• 

J _
, 40 

\_
 

>
1

0
0

 
J 

-
✓
 

_
,5

0
 

,-
1

0
-

,,
-,

o
o

 
-

~
~-

•·-
.-

_
_

 ,o
 _

_
 _

 
"
-~

2
0

 
. 

• 
-

.
.
.
.
.
.
 .
-

---
-~
 

II
J
 

0 
.....

... 
-·

 
--

~
~-

::::>
 

3
0

 
~
 

~
 

ex
 

2
0

 
J
U

L
Y

 
1

9
6

2
 

1
4

0
 

(d
p

m
 

B
o

 
I 

S
C

F
l 

3
0

°s
 

6
0

°S
 

9
0

°S
 

.1
0

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
.
.
.
.
.
.
_

 _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 ...

...
._

_~
 

L
-,

_
 

' 

F
IG

U
R

E
 

2
9

 •
 

D
IS

T
R

IB
U

T
IO

N
 

O
F 

B
A

R
I U

M
 -

1
4

0
 

IN
 

T
H

E
 

S
T

A
R

 
D

U
S

T
 

S
A

M
P

L
IN

G
 

C
O

R
R

ID
O

R
, 

JU
L

Y
 1

96
2 

L-
:.:

! 
L

..
.:

 
L

-.
: 

L
-.

.:
 

L
_

 
l
_

_
 

L
-!

 
L

,_
; 

~ 
, 

. 
-

-
. 

, 
-

· 
-



f_
 .

J
 
~
 

f 
, 

I 
: 

I 
_

,___;
 

r
-
7

 
~
 

. 
I 

. . 
l 

I 

-
-
-
-
. 

:
1

 
(
~

 
·1

7
 

,_
.1 

r 
1 

r.
:J

 

• I
so

to
pe

s,
 I

n
c.

 
L

A
T

IT
U

D
E

 

9
0

°N
 

6
0

°N
 

3
0

°N
 

0
° 

3
0

°S
 

6
0

°S
 

9
0

°S
 

7 
~

B
l 

~
~

 
I I 

I 
I 

I 
""

'5
0

 
,..

..,
Q

02
 

,..
..,

O
J 

6
0

 
~

l(
JO

 
/ 

/ 

.,.
.2

5 ,
.-

-
-
/
 .

..
--

io
--

--

. 
..

__
, 

I 
~

.
.
,
.
,
'
 

_J
~

5
 

-
-
-
-

2 
--

--
-

~
-
-
-
~

h
m

 
,..

..,
5 

- - • • - 9 .
 .,, 'a
 .,, .&

:. - -4
0

~
 

2
0

t-

9
0

0
N

 

,..
..,

5 
,..

..,
3 

tr
~

 

-
.. 

-, 
I 

t 
I 

I 
6

Q
•N

 
3

0
°N

 
oo

 

o 
7

0
 

==
=-=

---=
--

-
2

5
 

-2
5

0
 

,5
0

 
-

t 
l&

J 
• 

,
. 

"
'
 

:::>
 

5
0

 
~
 

~
 

,-
5

0
0

 
-1

0
0

 
-

5
0

0
 

) 

~
 

6
0

 
-1

5
0

 
5 

-3
0

0
 

,..
..,

30
0 

~
10

' 

4 
1

0
0

-
-
:
:
:
;
~

~
-

00
 40

0
 

c_
...

 
, 

-~
 

.. ~
 

:t· 

5
0

F==
-=

-=
=-
-
-
-
=

=
-
~

 
a

n
 

' 
--

--
--

~
~

'-
--

--
-~

 
' 

10
 ~
~
 I 

L
B

~
 

4
0

· 
-
5

 
-o

.5
 

... , 
~
 

m
 

3
0

 

20
 

I 
I 

D
EC

 
19

62
 

d
p

m
 e

o
1

4
0

1
S

C
F

 
(c

or
r. 

to
 

15
 D

ec
. 6

2
) 

l 
I 

I 
I 

I 
I 

I 

3
0

°5
 

6
0

°S
 

90
°5

 

\ ' ~
a

1
1

a
r

c-
..

;t
::

:1
c
:;

=
a

e
1

~
:3

 

JA
N

 
1

9
6

3
 

d
p

m
 

8
0

1
4

0
 /

S
C

F
 

(c
o

rr
. 

to
 1

5 
Jo

n
. 
6

3
 l 

L 
I 

I 
I 

J 

F
IG

U
R

E
 

3
0

 •
 

D
IS

T
R

IB
U

T
IO

N
 

O
F 

B
A

R
IU

r\
/1

-1
40

 
IN

 T
H

E
 S

T
A

R
 

D
U

S
T

 
S

A
M

P
L

IN
G

 
C

O
R

R
ID

O
R

, 

D
E

C
E

M
B

E
R

 
1

9
6

2
 

A
N

D
 

JA
N

U
A

R
Y

 
1

9
6

3
 

I - I 



- -., ., - 0 .,, ~ .,, J;
:;

 - - LL
.I 

0 ::>
 

.....
 
~
 

4 ~
 

Is
ot

op
es

, 
In

c.
 

9
0

°N
 

6Q
O

N
 

30
°N

 
L

A
T

IT
U

D
E

 
oo

 

7
0

t-
I ,,

 
~
 

,..
,.,

,,5
 

' 
,..

.,,
30

0 
__

__
__

_ 2
5A

L
 

I_)
 ~
 

6
0

1
-

~
4

0
 

5
0

 
, 

-
-
-
-

-
-

-
2

5
 -

-=
--

--
--

--
--

--
2

5
 

K
>

~
' 

S
O

F

-
-

5 
,..,

_,
3 

-
-
-
-

I(
) 

,..,
_,

 

V
 

---
·~

;
z
s
:
-

0s1
c;

::_
 ~t

 ,
s;

 
c
::

, 

--

40
1-

,..
,_

,5
 

~
5

,
. 

_, 
a 

2
0

 
~
 

9
0

°N
 

6
0

°N
 

30
°N

 

7
0

,-
-
-
1

5
 

_ 

' 
-
-
-
-
2

0
-

1 
' 

6
0

 _
_

_
_

_
_

_
_

 _
 

--
--

--
--

-~
 

-
' 

--
----

--
..,, 

5
0

 

4
0

 

2
0

 --
--

--
--

-
-
-
-
-
-
5

~
 

-
-

/ I I 

--
-

~•
--

--
-

·" 
--

--
--

~
~

 
--

•
•
 

) 
.
~

¾
 .
.
.
 

00
 

I
~

 

~
 .. 

3
0

°S
 

E
:s

 

3
0

°5
 .. ..
 

6
0

°5
 

F
E

B
 

1
9

6
3

 
d

p
m

 B
0

1
4 6

 /
S

C
F

 
(c

or
r. 

to
 1

5 
Fe

b 
6

3
 l 

9
0

°S
 

• 

60
°S

 
9

0
°5

 

. , 
. 

~
 ..

 .,
'1

5
1

1
 .
.
 a

lS
 .
.
.
 

M
A

R
 

1
9

6
1

 
d

p
m

 B
0

1
4

0 
/S

C
F

 
(c

or
r.

 t
o 

15
 M

or
 6

31
 

F
IG

U
R

E
 

31
 •

 
D

IS
T

R
IB

U
T

IO
N

 
O

F 
B

A
R

IU
M

-1
4

0
 I

N
 T

H
E

 
S

T
A

R
 D

U
S

T
 S

A
M

P
L

IN
G

 
C

O
R

R
ID

O
R

, 
F

E
B

R
U

A
R

Y
 

A
N

D
 

M
A

R
C

H
 

1
9

6
3

 
L

_
 

L
-.

.,
; 

L
-!

 
L

-.
! 

L
-.

.!
 

L
-.

. 
L

.,
_

! 
L

-.
.:

. 
~
 

L
,_

_
_

. 
----

---
L-

..
Z

 
L

..
.!

 
L

-1
 

L
_

J
 

I 
I 

--
..

.:
 



. 
I 

Isotopes, Inc. 

the samples in which they have been sought. The choice of the long-lived 

nuclide is limited by the necessity that virtually all of it in the sample 

should have originated in the event being dated. This criterion limits the 

usefulness of strontium-90, cerium-144 and other nuclides which tend to be 

present in the stratosphere in significant quantities as a ''background" from 

past test series. During late 1961, following the 34 month test moratorium, 

the ''background" of cerium-144 (half life=285 days) was negligible. On the 

other hand, during January and February 1963 when we were intercepting 

. 
fresh debris from the December 1962 Soviet t sts, the "background" of even 

zirconium-95 (half life=65 days) and strontium-8 9 (half life=so.5 days) were 

high enough to limit their usefulness. 

Some examples of the resul ts of calculating the apparent age of 

debris in Star Dust samples are given in Tables 12 to 14. Data for three 

samples collected during earl y May 1962 are shown in Table 12. Differences 

in apparent age indicated by the various nuclid ratios are attributable 

mainly to fractionation of the debris and to analytical errors, since the 

samples were all collected in the atmospher i c layer beneath the tropical 

tropopause (but above the polar tropopause) where the "background" of older 

debris is not especially great and should not significantly affect the ratios 

used. This fresh debris was att ributed to the 4 May 1962 intennediate yield 

Jl 
shot at Christmas Island , both on the basis of the data in Table 12 and 

i·> 

on the basis of trajectories calculated by the United States Weather Bureau" ... 

Data for a series of samples collected during late June and early 

July 1962 are given in Table 13. Some of the variations in apparent age 

of these samples probably result from the presence in the samples of debris 

157 



Isotopes, In . 

from more than one of the events during the mid-1962 United States test 

series as well as debris from the 1961 Soviet test series. Effects due to 

fractionation of the debris and to analytical errors are no doubt also present. 

Since events of intennediate or low-megaton yield took place on the 8th, 9th, 

31 
10th, 12th, 15th, 17th and 22nd of June 1962 , there is a good deal of uncer-

tainty involved in the assignment of the debris to the specific events. It 

would appear, however, that fresh debris from two or more events (probably 

from June 8th or 9th, from June 15th, and possibly from June 17th) is represented, 

Molybdenum-99 was measured in three samples collected du ring e,1 rly 

January 1963. The calculated apparent ages, given in Table 14, show fai r 

agreement with an assigned shot date of 24 December 1962, the date of the 

only megaton events in the December 1962 Soviet test series Jl . The "backgroLlnd" 

of debris from the earlier Soviet tests was so high that all ratios in Table 14 

ar doubtlessly affected. 

Despite that limitations on t he use of fission product ratios for 

dating nuclear debris, the information obtained is usually extremely valuable. 

The data pennit us to estimate rates of movement and of dilution of clouds 

of fresh debris, and to identify the sources represented. 
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Isotopes, Inc. 

The Concentrations of Strontium-90 Activity 

Because it has a relatively long radioactive half life, Strontium-

90 may be used as a more or less conservative tracer for stratospheric nuclear 

debris. While concentrations of total beta activity or short-lived fission 

products are indicative of the amount of the most recent debris, concentrations 

of strontium-90 are indicative of the total burden from all past stratospheric 

injections. 

The stratospheric concentrations of strontium-90 which have been 

found at two altitudes at each of two latitudes in the Northern Hemisphere 

during Projects HASP and Star Dust are shown in Figure 32. Hean bimonthly 

concentrations for 50 and 65 thousand feet at 65°N and for 55 and 65 thousand 

feet at 25°N are shown. While the 1961 Soviet test series and the 1962 United 

States test series resulted in large increases in the stratospheric concen­

trations of strontium-90, especially at 50 thousand feet in the polar stratosphere, 

it is evident that concentration•; of unprecedented size were found within the 

northern polar stratosphere following the 1962 Soviet tests. 

The mean distribution of strontium-90 within the Star Dust sampling 

corridor during June to September 1961, before our first interception of 

debris from the 1961 Soviet test series, and during October to December 1961 

are portrayed in Figure 33. The strontium-90 distribution during June to 

September 1961 still resembled that which had been found in the HASP sampling 

corridor during early 1960, but the concentrations had decreased and the 

horizontal concentration gradients had become less steep . Nevertheless 

concentrations still increased with latitude and alti tude in both hemispheres. 

A mean value of 34 was found for the activity ratio Ce144/sr90 (corrected 

for decay to 15 August 1958) in nuclear debris in the lower stratosphere of 

the Northern Hemisphere during June to September 1961. We have assumed that 
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144 90 31 
the Ce /Sr ratio in debris from the 1958 rocket shots Teak and Orange ·-

was approximately 47.5 on 15 August 1958 (based on fission yields reported by 

Hallden et al 30 ), and that this ratio corrected to 15 August 1958 was approx­

imately 23.1 in debris from other sources (based on measurements made during 

Project HASP ). We have then calculated that nearly half of the strontium-

90 present in the stratosphere of the Northern Hemisphere during June to 
33 

September 1961 had been produced by the 1958 rocket shots 

The distributions of strontium-90 in the Star Dust sampling corridor 

during October to December 1961, as shown in the lower half of Figure 33, 

and during January to April 1962, as shown in the upper half of Figure 34, 

indicate the validity of two conclusions which were reached during Project 

HASP regarding the injection and later movement in the stratosphere of debris 

from Soviet weapons tests . Firstly, it would appear that Soviet debris 

injected into the stratosphere by weapon8 of megaton yield stabilizes, for 

the most part, at altitudes below 60 thousand feet. Secondly, it appears 

from the configuration of isopleths of strontium-90 concentration at 40°N 

to 10°N that the Soviet debris increases in altitude as it moves equator-

ward (whereas debris from tropical injections decreases in altitude as it 

34 ). moves poleward It is evident also from these distributions that 

while debris injected at high latitudes may be spread laterally quite rapidly 

within the polar stratosphere, its transport through the tropical strat­

osphere is rather slow. 

In the lower half of Figure 34 is shown the distribution of 

strontium-90 in the Star Dust sampling corridor during May to August 1962. 

High concentraticns of strontium-90 resulting from the mid-1962 United 

States weapons tests at Christmas Island appear to be mainly restricted to 
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the tropical stratosphere, although it appears that in the layer between 

45 and 55 thousand feet some of this debris had moved into the northern 

polar stratosphere. The highest concentrations of strontium-90 in the 

northern polar stratosphere at this time were found in the layer between 45 

I and 60 thousand feet, as they had been during January to April 1962. While 

a small fraction of the strontium-90 in this layer had been contributed by 

the 1962 United States injections, most was a residue from the 1961 Soviet 

injections. (In the following section of this chapter we will discuss the 

use of fission product ratios to calculate the contributions to the strat­

ospheric burden by the 1961 Soviet tests and the 1962 United States tests.) 

The distributions of strontium-90 during September to October 

1962 and November to December 1962 are portrayed in Figure 35. During 

most of the final third of 1962 the altitude coverage in the Star Dust 

sampling corridor was rather limited, so that the representativeness of the ' 

data which were used to construct Figure 35 might be questioned. Since a 

series of high yield devices was tested by the Soviet Union during this 

period and fresh debris was passing through the sampling corridor, there 

is, of course, no guarantee that better coverage in the corridor would have 

produced data which was substantially more representative of the mean 

distribution of strontium-90 in the whole stratosphere. There is an indication 

in the cross-section for November to December 1962 that, outside of the 

equatorial region, the stratospheric strontium-90 concentrations in the 

Northern Hemisphere were at least ten times as high as those in the Southern 

Hemisphere. This appears to be correct, for the cross-section for January 

to April 1963 (Figure 36) shows the same situation. 



Isotopes, Inc. 

During the first third of 1963 the Star Dust sampling program was 

again expanded to provide good altitude and latitude coverage. Thus the 

strontium-90 distribution shown in Figure 36 should, at least in its general 

outlines, be representative of the whole stratosphere. 

If we assume that debris from the 1962 United States test series 

was distributed evenly between the Northern and Southern Hemispheres because 

it was injected into the equatorial stratosphere, w may assume that the 

difference in strontium-90 concentrations between the Northern Hemisphere 

and the Southern represents debris produced by the 1961 and 1962 Soviet 

tests. If this is true it is evident that in the northern polar stratosphere 

during January to April 1963 the strontium-90 concentration attributable to 

these tests exceeded 2000 dpm/ lOOOSCF at altitudes above 50 thousand feet, 

and exceeded 200 dpm/lOOOSCF even in the vicin ity of the tropopause. In 

the northern tropical Atratosphere also, xcess concentrations of strontium-

90 attributable to the Soviet tests ranged from a few hundred to 2000 dpm/ 

lOOOSCF. Never before during ei th r Proj ct HASP or Project Star Dust had 

such high concentrations been found except when fresh debris was intercepted 

within a few weeks following its production. 
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Isotopes, I nc . 

Th stratosphe r ic distributions of strontium- 90 shown in Figures 

33 to 36 have been used as lie basi s for calculatin the stratospheric 

burden of strontium- O. Da a from the Atomic Energy Commission's balloon 

J!; 
sampling program have he1:-m use d to xtrapolat the Star Dust data to 

altitudes above 100 thousand fe t.. Additional data from WU-2 sampling 

during 1961 hav b ­

norther,1 lati tud s 

us d t x r ap la e Star Dust data for 1961 to high 

Tile r sul 1 s of the t>u rden alcul ations are summarized 

in Table 15 . 

The tima d maximum errors given w· th the calcula ted hurd ns are 

based mainly upon our jud men of the auequa y of sampli <1 during the 

intervals covered. They ar la r 1ely sul,j tive, but they should be realistic 

if the assumpti ons made in extrapolatin 1 the Star Dust data to unsampled 

regions are app roximat ly 'Orr c . Th !llost important of t hese assumptions 

is that t h enc .n1 1·a1 ions f d •bris f r m low altitude d tonations decrease 

with incr a sing al ti turl ... [rom a1Jpru xi matcly 100 thousand feet ( the highest 

alt·tua reach d by th IJ alloon samplin r) to th tOJJ of the atmosphere , and 

that wi thin the polar stratosph r , at l east from 45 ° to 90°, there is only 

a sligh han i n th __. c n ntration of debris as a function of latitude at 

any one a itude. Thus far w ha s "ll no eviden t hat the se assumptions 

are not ne rall t 1c . 

Th •>urd n i n t h : , u h, r 11 II •m i ·1,h r durin Jun --S ptember 1961, 

and May-August 1< 

Hemisph r :> a 

wh 

b l ll 

I }~,, ► r 

i rl l • i l 1 r} 

f th South rn 

din m n hs 

0 • 

r 



Isotopes, Inc. 

strontium-90 concentrations in the northern polar stratosphere during October­

December 1961. 

In the previous section we di scussed the use of the fission product 

ratio Ce
144

/ sr90 to divide the stratospheric burden of strontium-90 in th£: 

Northern Hemispher during mid-1961 into two components, one attributable 

to the 1958 rocket shots Teak and Orange and the other attributable to other 

pre-1961 weapons tests. A similar calculation was us d to divide the strontium-

90 burden of the South rn Hemisph re stratosph re during October-December 

1961 into the same two components. The :r liability of this calculation was 

limited by the scar i t y of Star Dust data for the Southern Hemisphere and 

144 90 
by some uncertainty iu Lhe value of the C / Sy ral:i~ in non-rocket shot 

debris in the southern l olar stratosphere. 

Th division of the January-April 1962 burden into a component 

attributable to pre-1961 w apons test and a component attributable to the 

1961 Soviet tests ha.; b en based on th Sr8
9/sr90 an d C 144/sr90 ratios 

found in Star Dust sampl s ollected during th first third of 1962. We 

have assumed that the Sr89 
/ Sr

90 ratio iri debris from the Soviet tests, 

corrected for decay to 15 October 1961, would equal 176, the ratio in 

~7 
fresh debris , and that this ratio in all other rlebris, corrected to the 

same date, would equal zero . 'I'h calculated distributions of Soviet strontium-

90 and of strontium-90 from pre-] 9 J w apons tests are shown in Figure 37. 

We hav perfo:nned an alternative calculation assuming that the Ce144/sr90 

ratio in th Soi t debri 

qual 4 . 5 ad tha hi rati 

a uld q a 

orr t d for d cay to 15 October 1961, would 

n all other d bri , corrected to the same 

di tributi n btained from this 

J ua -April 1 2 strontium-90 



Isotopes, Inc. 

burden given in Table 15 may be calculated either from the distributions 

given in Figure 37 or from those given in Figure 38. 

The main limitation on the accuracy of these calculations is the 

probability that debris from the 1961 Soviet tests was not yet well mixed 

in the northern polar strat osphere during January-April 1962. In addition, 

the frequency of sampling during this period was less than would be needed 

to assure that the samples collected were completely representat ive of the 

debris in the sampling corridor. Nevertheless there is adequate reason to 

believe that the calculated burdens are approximately correct, for the 

distribution of strontium-90 found in the northern polar stratosphere during 

the second quarter of 1962 is quite similar to that found there during the 

first quarter. 

We have employed the same principle which was used to calculate 

the distributions of strontium-90 shown in Figures 37 and 38 to distinguish 

between debrjs from the 1962 United States tests and older debris present in 

the Star Dust sampling corridor during May-August 1962. Because testing 

was continuing during this period and successive injections of fresh debris 

continually changed the nuclide ratios in the stratospheric debris, the 

assumptions used in the calculation were somewhat more complicated and 

considerably less reliable than those used to divide the January-April 

1962 strontium-90 burrlen into its components. 

We have assumed a value of 146 on shot date for the Sr
89

/Sr
90 

ratio in debris from the 1962 United States tests The fol]owing assumed 

shot dates have then been used: 1 May 1962 for samples collected during 

Ha 1962· 15 Hay 1962 for sampl s coll cted during June 1962; 15 June 1962 

fo r pl d durin Jul 1 2; 1 Jul 1962 for samples collected 

l 4 
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during August 1962. All pre-1962 debris was assumed to have had a Sr89/sr90 

ratio of 146 on an assigned shot date of 15 October 1961. This last assump­

tion, of course, has greater validity when applied to samples collected in 

the lower northern polar stratosphere than when applied to samples collected 

elsewhere in the stratosphere. 

The results of this calculation are shown in Figure 39. (They 

have been modified in the equatorial stratosphere at 0° and 5°N where the 

calculation attributnd all debris to the 1962 ~eats. Interpolated values 

bases on data at 10°N and farther north and at 5°S and farther south have 

been substituted in this region.) The approximate correctness of the 

calculation is suggested by the correspondence of the distribution of "pre-

1962" strontium-90 during May-August 1962, as indicated in Figure 39, to the 

distribution of strontium-90 during January-April 1962, as indicated in Figure 

34. The distributions shown in Figure 39 have been used to calculate the 

stratospheric burdens of strontium-90 during May-August 19~2 which are 

included in Table 15. The burden from "pre-1962 debris" agrees well enough 

with the total burden for January-April 1962. The calculated burden from 

"1962 U.S. debris" is, as has been mentioned above, especially subject to 

error because of the difficulty of obtaining representative smnpling while 

the test series was still in progress. 

The same difficulty applies to the burdens calculated for 

September-Oct ber 1962 and November-December 1962. In addition these 

calculations are based on relatively s9arse sampling at all altitudes except 

55 thousand feet. Thus the calculated burdens for both of these bimonthly 

periods are especially subject to error. Unless there is something funda­

mental l y wrong with our assumptions, however, the actual erron in the 

i75 
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calculated burdens should not exceed the estimated errors given in Table 15. 

The calculated burden for January-April 1963 should be relatively 

accurate since atmospheric weapons tests had ceased by the end of December 

1962. However, it would appear from the measurements of barium-140 in 

Star Dust samples (Figures 30 and 31) that debris from the December 1962 

Soviet tests was still unevenly distributed within the northern polar 

stratosphere before March 1963. The same conclusion may be obtained based 

on the antimony-124 data which are described in a following section of this 

chapter. Indeed, the rapid decrease after January-February 1963 in the 

strontiurn-90 concentrations encountered at 65°N and 25°N (Figure 32) must 

be attributed to dilution of debris from the late 1962 Soviet tests by 

mixing with uncontaminated air, probably following the breakdown of the 

polar night circulation. In spite of these limitations the estimated burden 

for January-April 1963 which is given in Table 15 should be approximately 

correct. 

It is planned that in a later Star Dust report the stratospheric 

burdens which are summarized in Table 15 will be recalculated using improved 

assumptions and more complete data, and an attempt will be made to calculate 

the contribution by the 1962 Soviet tests to the January-April 1963 stratospheric 

strontium-90 burden. 

176 
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Table 15. Apparent Stratospheric Burdens of Strontium-90 (in Hegacuries) During 1961 to 1963 

Northern Southern 
Hemisphere Hemisphere Total 

June-September 1961 

1958 Rocket Shot Debris 0.18 + 0.09 
Debris from other sources 0.19 + 0.10 

0.37 + 0.13 -o.s -0.9 -
October-December 1961 

... 1958 Rocket Shot Debris 0.19 + 0.10 
Debris from other sources 0.28 + 0.14 

~1.6 0.47 + 0.17 ~2.1 

-
January-April 1962 

Pre 1961 Debris 0.4 + 0.1 0.4 + 0.1 0.8 + 0.1 
1961 Soviet Debris 1.2 + 0.3 < 0.01 1.2 + o.3 

.. 1.6 + 0.3 0.4 + 0.1 2.0 + 0.3 - -
i • May-August 1962 

Pre 1962 Debris 1.5 + 0.3 
1962 U.S. Debris 1.0 + 0.4 

2·.5 + 0 .5 ~l.O ~3.5 -
Se~tember-October 1962 

TOTAL 2.2 + 0.7 LO + 0.3 3.2 + 0.8 - -
November-December 1962 

TOTAL 5.6 + 1.9 0.8 + 0.3 6.4 + 1.9 - -
January-April 1963 

TOTAL 6. 7 + 1. 7 0.7 + 0.3 7.4 + 1.7 - -

I 
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The Concentrations of Rhodium-102 

The tracer nuclide rhodium-102 which was injected into the 
31,38 

mesosphere by the 12 August 1958 Orange shot has been measured in 

HASP and Star Dust samples since 1960. The frequency of such measurements 

on Star Dust samples was high during the early months of the program, but 

it decreased after the resumption of atmospheric testing of nuclear weapons 

in late 1961 and remained low during 1962 and early 1963. 

Several laboratories have measured this nuclide in stratospheric 
36,38,39 

filter samples , but the result& of these analyses have not shown 

satisfactory agreement. An intercalibration of the rhodium-102 analyses 

perfonned at different laboratories was begun about a year ago, and it is 

hoped that it will soon be completed. For the present all HASP and Star 

Dust rhodium-102 data should be considered preliminary. 

The concentrations of rhodium-102 encountered at a series of 

latitudes and altitudes within the Star Dust sampling corridor during 1961 

to 1963 are shown in Figure 40. The distributions of rhodium-102 in the 

sampling corridor during December 1959-June 1960, June-December 1961 and 

January-August 1962 are portrayed in Figure 41. Kalkstein has reported 

that additional rhodium-102 was injected into the lower stratosphere by the 

1962 United States test series. Evidence may be found in the Star Dust 

data that an increase in stratospheric rhodium-102 concentrations occurred 

in mid-1962, so that the usefulness of this nuclide as a tracer for debris 

from the 1958 rocket shots appears to have ended after the first half of 1962. 

The significance of the rhodium-102 data for the development of 

theories of atmospheric mixing and circulation has been discussed elsewhere 
3~ 

by us and by Kalkstein . The most significant observation 
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concerning the rhodium-102 is that this debris from a high altitude injection 

at low latitudes first entered the lower stratosphere at high latitudes in 

both hemispheres, apparent-ly during the winter season, and subsequently 

moved equatorward in the lower stratosphere. 

1., the northern polar stratosph r the concentrations of rhodium-102 

at altitudes of 65 thousand feet and higher appeared to decrease during the 

interval hetwl·en June 1960 and June 1961 (see Figure 41), probably because 

of dilution of the rhodium-102 as it was transported downward and equator-ward. 

There is o ind~· ~ati0n in figure 40 that t here wa any similar decrease 

during t he interval 1961-1962. Ne rtheless at 50 thousand feet the rhodiurn-

102 concentration did increase during the first hal f of 1962. Presumably 

the new rhodium-102 which reached the 50 thousand foot level at this time 

came from the higher levels in the polar stratosphere . From the data in the 

bottom diagram of Figure 40 one might conclude that rhodium-102 concentrations 

in the southern polar stratosphere, at l east at 65 thousand feet, were 

approximately the same as those in the northern polar stratosphere during 

1961 to early 1963. The suggestion i n Figure 41 that the Northern Hemisphere 

concentrations exceeded the Southern Hemisphere concentrations during 

January-August 1962 may result from a preferential sampling in the Northern 

Hemisphere during the second-third of 1962 of new rhodium-102 produced by 

the 1962 United States tests at Christmas Island. There was no Star Dust 

sampling in th Southern Hemisphere (except at low latitudes) at this time. 
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1961 1962 1963 

MJ JASON DJFMAMJ JASO NDJ FMA 

65°N 
I 65 ANO 70 kft, 

300 O 50 kft. 

• • o• ••• • • - • 0 • • • 0 

30 • • 
0 

0 

~10 
0 

450N 
o 65 ANO 70 kft. 

300 o 50 kft. 

• 
• •a-:a.•111:• 0 • 0 - • 

I • • • • • 0 I 0 
30 

0 0 0 

0 

I 15°5145°$ 
o 20°N, ~ ANO 70 kft. 

300 
o 15°S, ~ AND 70 kft. 
fl 45°S, 65 ANO 70 kft. 

\ 

•• 0 ~ • fl 
fl •• •• •• 

•• : ~fl •• •o 

30 
., Oe ~ 0 

• • • 
• • 

~10 

FIGURE 40·VARIATION WITH TIME OF RHODIUM·102 CONCEN-
TRATIONS IN THE STAR DUST SAMPLING CORRIDOR 
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Isotopes, Inc. 

The Concentrations of Hanganese-54, lron-55 and Antimony-124 

In previous quarterly reporto we have discussed the stratospheric 

concentrations of several products of neutron activation which were injected 

at relatively high altitudes in the northern polar stratosphere by one or 

more events during the 1961 Soviet test series. Pr · lll1lably the late 

October 1961 high yield devices were the source ,, for a very high neutron 

flux would be required to produce the observed amounts of these nuclides, 

and the activation products were injected higher into the stratosphere than 

was most of the fission product debris from that test series. 

The vertical distributions of some of the activation products 

(manganese-54, iron-55 and antimony-124) in the vicinity of Fairbanks, Alaska 

on four dates in 1962 are shown in Figures 42 and 43. The vertical distri­

butions of the fission product strontium-90 are shown for comparision. From 

these and similar data it has been concluded that a number of activation 

prooucts, including manganese-54, iron-55, cobalt-57, antimony-124 and 

thallium-204, measured in samples collected before September 1962 had a 

comnon origin. For samples collected during 1962 the data for the activation 

products have been corrected for decay to 15 October 1961. In Star ~st 

samples the mean values for several nuclide ratios, so corrected, are: 

Fe55/Hn54=1.58, Co57/Mn54=o.oss, Sb124/Hn54=3.4 and Hn54;n204=190. 

The data for the samples collected near Fairbanks on 7 December 

1962 show he effects of the late 1962 Soviet i jections. Not only are the 

strontium-90 concentrations at all altitudes higher than at any time since 

the first few months of 1962, but the concentrations of the activation 

products at the lower altitudes sampled are also higher than at any time 

during the first two-thirds of 1962. It wuld appear, then, that some events 
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during the 1962 Soviet test series injected additional a ti ation procl.lct 

into the lower polar stratosphere. Confinnation of this is found ln data 

for a series of sampl s collected at about 6O°N and 55 thousand feet during 

the s cond half of 1962. These data are shown in Figure 44. Tite total beta 

and strontium-9O acti ities have been corrected for decay to collection date, 

and .~he antimony-124, iron-55 and manganese-54 activities have been cor:-ected 

to 15 October 1961. A sample of fr •'? h debris collected on 13 October 1962 

contained extremely hi h activiti s f the activat ion products as well as 

of fission products. Evidently the ~vent which had pro<luc d this debris 

produced large quantities of manganese-54 and iron-55 and some antimony-124. 

The data for samples collected at this location during November and December 

1962 show no definite evidenc that further major injections of the activation 

products occurred during 1962, but a number of Star Dust samples collected 

during January 1964 and succeeding months contained high activjties of 

antimony-124. This new antimo y-124 was evidently produced during the 

December 1962 Soviet test series. In a preceding section of this chapter 

we have presented data on the Mo99/Ba14O ratios in this debris which suggest 

a shot date of about 23 December or 24 December 1962 (see Table 14). 

Th vertical profiles of activity in the vicinity of Fairbanks 

during December 1962 and April 1963 are shown in Figure 45. The activities 

are corrected for decay to 31 December 1962. The high concentrations of 

antimony-124 at 55 thousand feet and higher altitudes are t he result of the 

late December 1962 injections. It would appear that antimony-124, measured 

in samples collected during 1963, can be used as a tracer for a late December 

1962 Soviet injection, but the usetulness of data for the longer lived nuclides 

is more limited. It may be possible to use nuclide ratios to distinguish 



,. 
betwen man anese-54, iron-55 and cobal t-Si produced by the 1962 Soviet 

tests and the same nuclides produced uy the 1961 Soviet tests. Nevertheless 

it is apparent that the detennination of the extent of the vertical motion 

of the 1961 activation products during the winter of 1962-1963 will not be 

easily accomplished. 

The trends with time in the manganese-54 concentrations at three 

altitudes at 65°N and 35°N are shown in Figure 46. These curves show several 

interesting features which are of significance in the study of stratospheric 

motions. During the first quarter of 1962 there was considerable variation 

in manganese-54 activities encountered fron one mission to another. During 

May and June 1962 a pulse of manganese-54 activity appeared to reach the 

sampling corridor, and by July relatively high levels of activity, wbich 

varied relatively little from mission to mission, characterized moat of the 

polar stratosphere of the Northern Hemisphere. By December 1962 there had 

been a pronounced increase in activity in the lowest stra ospheric layers, 

as evidenced by data from 45 thousand feet at 65°N and 55 thousand feet at 

35°N. As discussed above, this increase most likely resulted from new 

injections of manganese-54 during the 1962 Soviet test series. Some fluc­

tuations in activit ies occurred at 65°N during the first third of 1963. 

These fluctuations, like those which were observed during the first third 

of 1962, almost certainly resulted from changes in the polar night circulation 

which colllft)nly occur at this time. There appears to have been a general 

gradual decrease in stratospheric acti vi tie,s $during subsequent months. 

The mean distribut ions of manganese-54 in the Star Dust Nlllpling 

corridor during January-April and May-August 1962 are shown in Figure 47. 

It is evident that there was more manganese-54 in the corridor during the 
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later interval and that it had spread farther south. The Ean distributions 

during September-October and November-December 1962 are shown in Figure 48. 

The restricted Star Dust sampling during these intervals limits the reliability 

of the indicated distributions. Two month mean values have been calculated 

because additional manganese-54 wa injected into the stratosphere during 

the last third of 1962. The mean distributions for the four month intervals, 

September-December 1962 and January-April 196~ are shown in Figure 49. 

Since new manganese-54 was present in the stratosphere during both of these 

intervals, and correction of the data to October 1961 tends to magnify the 

concentrations actually present, Figure 50 has also been plot fed with the 

data corrected to 31 December 1962. Mean bimonthly distributions of manganese-54 

during January-February and March-April 1963, which are shown in figure 51, 

have been calculated because fresh debris was being intercepted in the Star 

Dust sampling corridor during these months. Mean bimonthly distributions of 

antimony-124 for the same intervals are shown in Figure 52. A comparison 

of Figures 51 and 52 shows that by early 1963 there were significant differences 

in the stratospheric distributions of these two activation products. 

There appears to be some evidence in the manganese-54 data that 

at some time between August 1962 and March 1963 withing the nor1:hern polar 

stratosphere there was a subsidence of the debris containing the activation 

products. In spite of the new injections of manganese-54 during late 1962, 

the concentrations of that nuclide at about 65 thousand feet altitude at 

high northern latitudes during the first third of 1963 (Figure 49) were 

lower than they had been during Hay-August 1962 (Figure 47). The usefulness 

of measurements of manganese-54 during the winter of 1962-1963 to d,?.tect 

subsidence in the polar stratosphere was hindered, of course, by the repeated 
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interc~ption of newly injected manganese-54 in this region. 

The apparent stratospheric burden of manganese-54 during each of 

a series of four month inteivals during 1962 and early 1963 has been calculated, 

based on the manganese-54 distributions shown in Figures 47 and 49. The 

results , corrected for decay both to 15 October 1961 and to 31 December 

1962, are given in Table 16. The 140 percent increase in the apparent burden 

between the first and second thirds of 1962 must be attributed to inadequate 

samplin;; during January-April 1962 of the debris which contained the high 

concentrations of activation products. Changes in the stratospheric circu­

lation which occurred by early February 1962 caused air which was relatively 

uncontaminated with debris fl"Oll the 1961 Soviet tests to displace air which 

was contaminated in the sampling corridor. By late February contaminated 

air was again encountered at all levels, but high concentrations of the 

activation products were not commonly found in the Star Dust samples collected 

before May 1962. A few samples collected in January, March and April 1962 

did contain high concentrations of these nuclides, however, suggesting 

that the variations in concentration obseived from one mission to the next 

resulted from the presence in the lower stratosphere of masses of highly 

contaminated air and llil&Sea of virtually uncontaminated air, either of whidl 

might be intercepted on a particular mission depending upon the position of 

the aircraft flight track relative to the circulation cells in the lower 

stratosphere. Extensive mixing between these masses of air. appears to 

have occurred by the second half of 1962, for by then large variations 

between missions in activity encountered were no longer conmon . 

The 25 percent increase in the apparent burden of manganeae-54 

between the second and final thirds of 1962 and the additional 40 percent 
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increase by the first third of 1963 are probably attributable to the injection 

of new debris by the 1962 Soviet tests. By March and April 1963 this new 

debris was apparently fairly evenly distributed within the northern polar 

stratosphere, so that the calculated burden should be relatively accurate. 
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Table 16.Apparent Stratospheric Burdens of Hanganese-54 {in Hegacuries) 

in the Northern Hemisphere During 1962 and Early 1963 

Corrected for Decay Corrected for Decay 
Interval to 15 Oct 1961 to 31 Dec 1962 

January - April 1962 15 MC 5.3 HC 

Hay - August 1962 36 HC 13.1 HC 

September - December 1962 45 HC 16.0 MC 

January - April 1963 63 HC 22.8 HC 

202 



Isotopes, Inc. 

CHAPTER 6. THE STRATOSPHERIC DISTRIBUTION OF NATl'RAL ACTIVITY 

'Ihree radionuclides which are produced in the at ,osphere by natural 

processes have been measured in Star Du t samples since the program began in 

19Gl. One of these, beryllium-?, i a product of the cosmic-ray induced 

spallation of atmospheric ni troge11 3nd oxyg n. The others, lead-210 and 

poloniurn-210, are daughter produ t f radon. Lead-210 is produced in the 

atmosphere by the decay of radon which e capes from soil, Jocks and bodies of 

water at the urfac f th arth. l'olon ium-210 re 11~t from the further decay 

of the lead-210. The trat ph ric concentration of th s nuclides have been 

measured in the hupe that their di tributions would yield information on the 

direction and ma gnitud of atmospheric motion. 

The Concentration of Beryllium-? 

The mean distrif>uti n f berylli urn-7 in the Star Dust (or HASP) 

bampling corridor has been calculated for each of a series of time intervals 

during Project Star Dust (and Project HASP). These distributions are shown 

in Figures 53, 54 and 55. A theoretical distribution in a stagnant atmosphere, 

4G 
based on L2rylliU1;1-7 production rates calculated by Lal and Peters, is included 

i n each of these figures for purposes of comparison. 

The mean distributions shown in Figure 53 are for October 1959 -

June 1960 and June - September 1961. The concentration ~ found in the vicinity 

of the trc!)opa •· . .;e and of the tropopause gap were generally lower than predicted 

for a stagnant atmosphere. ThL:; wa expected, of course, for the tropopause 

acts as a sink for bery.Uiurn-7 just as it doe for debris from nuclear weapons 

tests. At the higher level · ampl d thP. concentrations found in the polar 

stratosphere were l ower than the theoretical, but those found in the tropical 

stratosphere were lightly higher than the th~oretical. This situat :on could 

result from eddy diffusion in the meridional direction. 
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In Figure 54 are shown the mean distributions for tlanuary - April 1962 

and May - August 1962. During the first of these intervals rather high con­

centrations of beryllium-7 were found in the northern polar stratosphere. 

41 
Bleichrodt has described the presence of artificial beryllium-7, produced by 

the 1961 Soviet test series, at 42 thousand feet in the stratosphere during 

October - November 1961. The high concentrations of beryllium-7 in the Star 

Dust sampling corridor during the first third of 1962 are consistent with 

Bleichrodt 's conclusion that beryl} ium-7 is produced by atmospheric nuclear 

explosions. Fven stronger evidence for such artificial pnJd11ction of this 

nuclide is found in the very high concentrations of the tropical strato­

sphere during the interval May - Augu;;:t 1 Q62 , Tht'! Se high concentrations of 

beryllium-7 were associated with fresh de bris from the rnid-1962 United States 

weapons tests at Christmas I sland. 

The mean distribution of be ry llj um-7 i_n the sarnpl ing corridor during 

January - March 1963, which j s shown in Fi gure 55, shows anomalously high 

concentrations in the northern polar stratosphere . These, no doubt, resulted 

from the artificial production of beryllium-7 by the 1962 Soviet test series. 

It would appear from Figure 55 that the artificial beryllium-7 had reached 

at least 10°s at high altitudes where concentrations more than twice as high 

as the theoretical value were fo und. This mi ght, in part at least, represent 

a remnant of artifid ally produced beryllium-7 from the 1962 United States 

tests. 
0 

South of 20 S the concentrations fo und approxi mated the theoretical 

values. 

The beryllium-7 analysis utilizes gamma spectrometric measurement of 

the 0.48 Mev gamma ray, and inspection of the gamma spectrum for each sample 

assures its radiochemical purity. Nevertheless, it was decided that addit i onal 

eviJence for the purity of the sample~, should be obtained, since the samples 
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which appeared to contain excess beryllium-7 were those which also contained 

high activities of short-lived fission products. To provide such evidence 

the decay of a series of samples collected during late 1962 and early 1963 

was monitored. Data for four such samples are shown in Figure 56. Decay 

curves for the 53 day half life of beryllium-7 are drawn through them. The 

fit of the curves to the data is adequate even though the measurements suffered 

from several factors, including the passage of several months between the 

collection of the samples and their analysi s . In addition,relatively small 

aliquots of the samples were used i n the analyses because they contained high 

activities of fission products. In the analyses of more recent samples larger 

aliquots, processed sooner after sample collection, have been measured. As 

a result higher counting rates and better decay curves have been obtained. 

Commencing with sample~ collected in May 1963, samples analyzed 

for berylliwn-7 are also being analyzed for sodium-22, phosphorus-32 and 

phosphorus-33. It is expected that the resulting data will permit quantitative 

estimat ion of rates of meridional movement of stratospheric air. Measurements 

made during the winter season should also allow estimates to be made of rates 

of vertical motion if subsidence of air within the polar stratosphere occurs 

during this season. 
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The Concentrations of Lead-210 and Poloniwn-210 

Analyses of lead-210 and poloniwn-210 have been perfonned on a 

large nwnber of Star Dust samp es coll.ected between June 1961 and March 1963. 

The frequency of analysis of these nuclide was decreased during 1962 as it 

became evident that it would be difficult to obtain useful data because of 

contamination of the samples by high activities of fission products from 

the atmospheric nuclear weapon tests performed during late 1961 and during 

1962. Indeed the 1 1 f activity of atural lead-210 and poloniwn-210 

in the sample ~ ar low t~at ev P contamiPation by nat ural lead from the 

glassware used in the analy_·e :> frorn laboratory dust may constitute a 

problem. ln any event the data obtain d have been less than atisfactory. 

Nevertheles~ ome u eful cor clu i ons 1ay b~ drawn f ro~ them. 

The preduminar1t d cay . ch me of adium i s given in Table 17. 

Radium is present, of cour e, in rock, in oil and in natural waters at 

and below the surface of the art Then ble ga~, radon, which is produced 

by the decay of radium ha a lia f lif of 3. 8 day~. Becau e it is chemically 

inert, radon produced in porou" oil or rock or within surface waters may 

migrate to the surface and enter the atmo phere. Should the radon be carried 

into the upper troposphere befor 1t d cay J it or it decay products may 

enter the stratosphere. Mea uremen of radon and of its long-lived daughter 
42 43,44 products, lead-210 and polonium-210, in the tratosphere have been reporte~. 

Because of their short ha.lf lives the member~ of the decay series between 

radon and lead-210 do not occur in the ~trato -· phe.re in significant quantities. 

Lead-210 which enters the trato phere from the troposphere or is 

produced in the stratosph r by d cay of radon may experience a long strato­

spheric residence time. In this ev _nt i ts daughter product bismuth-210 

will rapidly grow into equilibrium with it and, eventually, so will polonium-210. 

210 
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The curve shown in Figure 57 represents the increase in the activity ratio 

Po210/Pb210 to be expected in lead-210 following its formation. If the 

stratospheric residence time of lead-210 is on the order of several years 

the ratio Po210/Pb210 in stratospheric samples should approach 1.0. If the 

residence time is significantly shorter, much lower ratios should be found. 

Data points for a series of samples collected in the Southern 

Hemisphere during October 1961 - April 1962 are plotted in Figure 58. The 

curves drawn through t he dat a pojnts represent the locus of points for 

samples in which polonium-210 and lead-210 are approximately in radioactive 

equilibrium, The data points for samples which are not yet in equilibriLDn 

should fall below the curves. Huch of the scatter of the points must be 

attributed to analytical errors. The fact that most points for stratospheric 

samples fall above the cuITVes suggests that a bias, perhaps due to a cali­

bration error, exists in the data. 

In spite of their limitations the data in Figure 58 do permit some 

conclusions to be drawn. The mean values of the lead-210 concentrations in 

the tropical stratosphere (0°- 30°S) and the polar stratosphere (30°- 6o0 s) 

are virtually the same: 0.32 ± 0,13 and 0.31 ± 0.12 dpm/1000 SCF respectively. 

The polonium-210 concentrations also agree within the standard deviation. 

They are 0.46 ±. 0,14 dpm/1000 SCF in the tropical and 0.37 + 0.16 in the 

polar stratosphere. The Po210/Pb210 activity ratio in samples collected in 

the tropical troposphere and in the tropical tropopause layer is 0.35 ±. 0.17. 

This is much lower than the ratio found in stratospheric samples: 1.44 + 0.73 

in the tropical and 1.19 ± 0.69 in the polar stratosphere. 

The mean distributions of lead-210 and polonium-210 in the strato­

sphere of the Northern Hemisphere during June to September 1961, before 

debris from the 1961 Soviet tests reached the sampling corridor, are shown 
211 



Isotopes, Inc. 

in Figure 59. The data suggest that the highest concentrations of these nuclides 

occur in the tropical stratosphere and in the lower polar stratosphere. Within 

the polar stratosphere at least, the concentrations appear to be higher in the 

10 thousand feet thick layer,which is inmediately above the tropopause layer, 

than they are in the higher stratosphere. 

Perhaps the data presented in Figures 58 and 59 are too uncertain to 

support a detailed interpretation. It is interesting, however to compare our 
45 

results with the predictions of Jacobi and Andre who calculated the vertical 

distribution of radon-220 and its decay products in the atmosphere by means of 

a solution of the diffusion equation which permitted them to use any vertical 

profile of the turbulent diffision coefficient. For the calculation of vertical 

distribution of lead-210 and polonium-210,they used a profile of the turbulent 

diffusion coefficient which theb believed to be representative of normal 

turbulence conditions throughout the troposphere. They have assumed a series 

of tropospheric residence times for lead-210 varying from 5 days to infinity 

and have calculated a distribution for each. While none of these actually 

fits the Star Dust data, the best agreements result from the use of 5 or of 

20 days residence times. Longer residence times result in predicted tropo­

spheric concentrations of lead-210 which are much too high. The predicted 

lead-210 concentrations obtained using a 5 day residence time are lower than 

the Star Dust results at all altitudes from 40 to 70 thousand feet, and those 

obtained using a 20 day residence time are higher than the Star Dust results 

for altitudes below 60 thousand feet but agree with the Star ·0ust results 

at about 60 thousand feet. Above 60 thousand feet the predicted concentrations 

decrease very rapidly with altitude, a situation not confirmed by the SLar 

Dust measurements. The predicted Po210/Pb210 ratios increase rapidly with 

altitude above about 20 thousand feet, approaching 1.0 at about 50 thousand 
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feet in the case of the 5 day residence time and at about 60 thousand feet in 

·he case of the 20 day residence time. 

Although the Star Dust measurements do not confirm the details of 

the distributions calculated by Jacobi and ~dre, they do appear to show two 

features of those distributions: a decrease of lead-210 concentrations with 

. 210 210 
altitude above the tropopause layer, and an increase of the Po /Pb 

activity ratio to an equilibrium value of about 1.0 in the stratosphere. 
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Table 17. The Predominant Decay Series of Radium 

Nuclide Name Half Life Mode of Decal 

Ra226 Radium 1.590 years 

Rn222 Radon 3.825 days 

Po218 Radium A 3. 05 minutes (99.97%) 

Pb214 Radium B 26.8 minutes 13 

Bi214 Radium C 19.7 minutes 13 (99.96%) 

Po214 Radium (, ... 1.5 -4 x 10 seconds 

Pb210 Radium D 22 years 13 

Bi210 Radium E 5.0 days 13 (~ 100%) 

Po210 Polonium 140 days 

Pb206 Stable Lead 

214 
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CHAPTER 7. PROGRESS IN THE DESIGN OF THE STAR DUST MODEL 

The purpose of the numerical diffusion-general circulation model 

described in the Fifth Quarterly Progress Report is to provide a rational 

basis for predicting diffusion and deposition patterns resulting from atmos­

pheric inputs of radioactive materials at arbitrary height, latitude and 

time of year. The numerical model provides an objective method of experi­

mentation so that the relative importance of the various factors which con­

tribute to the time history of concentration and deposition at fixed points 

in space and on the ground may be properly evaluated. These experiments are 

performed by judiciously varying the parameters of the model and then comparing 

the differences in output with available observational material. The ultimate 

objective of the numerical experiments is to produce a model with known para­

meters which correctly reproduces all of the observed data. Only in this 

manner can one be reasonably confident that the model will correctly predict 

the results of an arbitrary injection. 

The numerical model is capable of handling the following physical 

processes: 

(1) diffusion (with arbitrary coefficients in poleward and vertical directions), 

(2) general circulation advective terms (connected in the poleward and vertical 

directions by the equation of continuity), 

(3) finite settling velocity of the particles (and dry fallout at the ground), 

(4) arbitrary tropospheric removal mechanisms, and 

(5) arbitrary source configurations. 

The Initial Series of Experiments 

The objective of the initial series of experiments was to attempt to 

reproduce the significant features of the tungsten-185 experiment as closely as 
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possible with a pure diffusion-rain out model, The equation to be solved was 

therefore 

where µ. 

q 

p 

- sine of the latitude, 

- concentration ( o;' IJ air ), - \ b t, 

-- density of air, 

= mean radius of the earth, and 

2 
- diffusion coefficients ( cm /sec) in the r and p. directions 

re8pectively. 

(1) 

The rainout mechani sm wa s simulated by removing a certain fraction of 

the material which had diffused down tu rain cloud level after each complete 

cycle. The removal fraction was assumed to be proportional to the mean annual 

rain fal.l in appropriate latitude belts. The factors employed in all the studies 

reported here are given in Table].8. 

The removal levels were assumed to be 6 km, 6 and 8 km, or 4, 6 and 

8 km depend .ing upon the speci fi.c model. For example, 22% of the material at 6 km 

( or 6 and 8 km, or 4, 6 and 8 km) and latitude 30°S was removed at every second 

time step. This mat eria.l ,.,,a s C'u11s i de red to have been deposited on the ground. 

For purposes of comparison between the observed spread and deposition of tungsten-

185 and individual model predict ions, the following were considered essential 

features of the observed distributi on : 
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Table J.8. 

Removal Factors Used to Simulate Mechanism 

Southern Hemisphere Northern Hemisphere . -
I 

Sin; + (REMF) Sinf f (REMF) I . 

-1.0 90°S o.oo 0 0°N 0,45 I 

I 
l. 

-0.97 75°S o.oo 0.1 6°N o.5o 

-0.9 64°S 0.1s 0.2 12°N 0.37 

-0.8 53°S o.~3 0.3 17°N 0.25 

-0.7 44°s o.:n 0.4 24°N 0.20 

-0.6 37°S 0.25 o.s 30°N 0.22 

-0.5 30°S 0.22 0.6 37°N 0.25 

-0.4 24°S 0.22 0.7 44°N 0.25 

-0.3 17°S 0,29 0.8 53°N 0.22 

-0.2 12°S 0. ;12 0.9 64°N 0.12 

-0,l 6°S o.~n 0.97 75°N o.oo 

-0 0°S 0,4:, LO 90°N o.oo 
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(a) the decrease of the central concentration with time, 

.. 
t 

(b) the pattern of concentration in the stratosphere, and 

(c) the time history of the deposit of tungsten-185 on the earth's surface. 

I 

l. The two important features of the pattern of concentration in the 

stratosphere were taken to be: 

(1) the behavior of the following concentration ratios: 

C m30° = 
C ' 

m 

C m45° 
C 

m ' 
C m60° 
C 

m 

where C is the maximum value of concentration in the stratosphere, 
m 

found usually at the injection level, and cm30 , cm45 , etc. are the maximum 

value found at 30°N, 45°N, etc., and 

(2) the observed decrease in height of the region of maximum concentration as 

one proceeds from the equator to the poles of both hemispheres. 

The finite difference scheme employed was described in the Fifth 

Quarterly Progress Report. It was found that the time step had to be de­

creased from one week (6.048 x 10
5 secs.) to 1/3 week (2.016 x 105 secs.) 

K 10 K 4 
whenever I' was greater than 10 or r greater than 5 x 10 . 

About twenty diffusion-rainout models have been run to date. None 

of these models reproduces all of the features of the observed distribution 

and deposit of tungsten-185. It is useful, however, to discuss some aspects 

of these models. The specific models to be discuesed are numbered 8, l0E, 

l0F and 12C. The diffusion coefficients and removal levels for each model 

are indicated in Figures (,0 to 6~. All diffusion coefficients are symmetrical 

with respect to the equator. 
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The per cent of total injection removed by the rain process at iQdicated 

times after injection for the models described in Figures60 to6~ is shown in 

Figure o~. For comparison, estimates of the same quantity observed for the 

tungsten-185 experiment are shown on the same graph. The latter data are taken 

from Volume 4 of DASA 1300. It was assumed that the total injection, corrected 

for decay to 1 July 1958 was 177 megacuries. Despite the differences in the 

amount of deposition, it may be seen that the curves are roughly parallel on 

the log-log plot. The curves can be made to coincide by a simple shift in 

the logarithm of time. 1'he fact that the mathematical forms of the curves are 

so similar to the observed curve is quite encouraging and indicates that the 

rainout mechanism employed in the present models is fairly realistic. The 

comparisons should not be taken too literally, since the source conditions 

are probably not the same for the experiments and for the numerical models. 

Subsequent numerical experiments indicated that for exactly the same diffusion 

coefficients the removal at 40 weeks after injection was 25% for a source 

13,000 feet above the tropical tropopause, but was only 9.5% for a source 

19,000 feet above the tropical tropopause. 

It may be deduced from Figure 6~,that the removal curves are quite 

sensitive to the values of Kr. Doubling the value of Kr in the tropo­

sphere and tropopause gap effectively doubles the removal 40 weeks after 

injection. 

The meridional distribution of the deposit for the various 

latitude belts in the Northern Hemisphere is shown in Figure 6~. The solid 

curves are the observed data (obtained from Volume 4 of DASA 1300) while the 

dashed curves are those for model l0f. Since the total per cent deposited 
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is not the same, the strenf.th of the source for model lOf was arbitrarily raised 

so that the absolute value of the total deposit over the hemisphere after 40 

weeks would be the same for model and experiment. This procedure is arbitrary, 

but it does allow a visual comparison of the curves. It may be seen that model 

lOF closely reproduces the observed meridional distribution of rainout. A shift 

of the model curves about 4*^ to the north would make the comparison after one 

year almost perfect except for the equatorial region-

The response nf the meridional distribution of rainout to changes in 

tropospheric vertical diffusi-ui c<efficients is quite dramatic. For example, 

if the basic trojjospneric Kf in model lOF’ is increar-ed from 2 x lo"^ to 4 x 10^, 

the distribution of the dej>osit with latitude becomes much flatter than that 

shown in rigiue ic. All in all, however, the rainout mechanism assumed in the 

model has at least the inherent ability to reproduce the observed deposit data. 

The problem now is to .-jut-tify the height dist t ibution of

For example, a value of Kf Jo' at 22 km (alx>ve both the polar and 

tropical tn-popauf-e ; r-eems unreasonably large. The present model assumes that 

the principal axes of the diffusion tensor are along the horizontal and vertical 

directions resj>ect ively. It is entirely possible and almost probable that a 

principal axis for large scale diffusion is along an isentropic surface. One 

possible way of modelling this effect is to assume that Kf ^ Kf Ky^ 

where fj is the - lope of the isentrtipic -urface and Kf is the diffusion

coefficient in the radial direction. Since Ky is of the order of 10^, Ky^

4 -5
is of the order 10 if the .-lope o|' the i.-entroj)ic surface is 10 , a not un­

reasonable value. Ihis mu1i<T will Oe investigated further as the work proceeds.
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The decrease of central concentration with time in the models run thus far is 

rather slower than the observed decrease. This is shown in Figure 09,where the 

slopes of th€! decrease of central concentration with time are compared for models 

8, lOF and 12C, with an estimated slope for the observed data. The scale of 

concentration here is arbitrary. The only purpose is to show how the slope 

of the curve varies from model to model. It is evident that the observed 

slope is steeper than is the slope for any of the models. The slope is 

evidently a function of the source (point or square), of the variation of 

KJ', with latitude, and of the rainout mechanism. The later models suggest 

that with more rapid rainout and perhaps a larger variation of Kµ. with 

latitude, the model slopes may approach the observed slope. 

The observed values of R1 , R2 and R3 are not too difficult to re­

produce in the models. A basic value of Kl' of about 1.5 x 10
9 at the 

equator can reproduce these features of the observed distrihution. The most 

difficult feature of the observed u.istrihution to reproduce is the decrease 

in the height of the maximum concentration as one proceeds from equator to 

pole, It was possible to reproduce this feature in the early stages of a 

model by suitable variation of Kr with height in the polar stratosphere 

and of Kp. with .latitude and height. l'or example, the pattern of con-

centration in the stratosphere for model 8 at 16 weeks after injection is 

shown in Figure 67,while th0 pc1t1 e rn of concentration 120 WPPks after in­

jection is shown in FigtJrP (j~. lt is a1 1parPnt from l'igure 67 that the level of 

maximum concentration decn~ase~ by about 2 km from the equator to 53°N • 

But as time progresses and the rainout mechani sm becomes more important, the 

level of maximum concentration in the stratospher e begins to rise (see Fig11rF 68) 
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and eventually rises above the level of the equatorial maximum. The more rapid 

the removal, the more rapidly does the level of maximum concentration in the 

strAtosphere rise at 45° and 50°N. Attempts to remedy this situation by ad­

justing Kr within a reasonable range in the polar stratosphere have met with 

little success. 

Subsequent Experiments 

At this stage in the development of the model, it was decided to 

incorporate the effect of both particle terminal velocity and non-zero 

values of V and W into the model. The initial experiments in this 

phase dealt only with the effect of particle terminal velocity which was made 

to be a function of altitude. The relevant term as it appears in the left 

hand side of the equation is 

a ( pOq) -- (2) 

p or 
It was quickly found that the finite difference scheme sketched in the Fifth 

Progress Report yielded negative concentrations near the top of the model, 

especially when 0 was relatively large. Decreasing the time step 

helped this situation not at all. After some experimentation the following 

finite difference scheme for handling this term was found to yield positive 

values of concentration for values of 

at the point j, k 

---------· -· 
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0 of int erest to us. Thus, 

( 3) 
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Since 0 is always negative, this scheme amounts to a simple upstream 

differencing technique. This term is always treated explicitly. 

The few experiments run with values of 0 indicate that the 

rainout rate is quite sensitive to this term and that the tendency for the 

level of maximum concentration at the source to rise due to the variation 

of density with height can be exactly counterbalanced with an appropriate 

field of 0 

Experimentation continued now w!,th iticorporation of general cir­

culation velocities into the basic diffusion model. The relevant terms as 

they appear on the left hand side of the lJasic equation are 

where V 

Both V 

( 4) 

is the mean meridional velocity and W the mean vertical velocity. 

and W are subject to the cont inuity constraint 

_!. .E... (pv COl~)+E_ (pw)= O (5) 

ro a" a, 
It soon became apparent that t he finite difference scheme outlined 

in the Fifth Quarterly Progress Report for the two terms in equation (4) was 

defective in at least two respects. In the first place, negative concentrations 

are often produced, and in the second place it is almost impossible to write 

a simple but consistent finite difference scheme for equation (5) which will 

not locally distort the concentration field at a point ( J , k ) when inse1·ted 

into equation (4). Upstream advection techniques were tried with equation (4). 

These resulted in positive concentrations throughout the field but failed to 

---- ~-..... !_,.. _________ _________ _ 

_____ .,., 
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conserve the total amount of diffusing material. The upstream differencing 

techniques will not conserve mass and in certain configurations of the initial 

conditions, the change in mass with time is intolerable. 

It was finally decided to treat the two terms of equation (4) as 

follows: First, the equation of continuity is added to (4) resulting in 

.LL (pwq)+ ..LL (pv cos;ql 
p or pro al' 

Centered differencing techniques are used for (6) such that evaluating 

n+t • k q at the point ( J, ) 

(6) 

The terms in equation (7) are ha ndled f-:xpl1citly for all time steps. It can 

be shown that, if the boundary conditions are treated correctly, equation (7) 

will conserve the mass of the di ffus ing suhstance, although there is no 

guarantee now that q ~ill be positive. 

In order to ensure that no local distortions occur, the equation of 

continuity in consistent finit e differ ence form is 
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The field of W may be computed from a given field of V , or the field of 

V from a given field of W provided that V = 0 at the poles and that 

w at the two lowest grid points is assumed to be zero. 

Models run with assumed but mutually consistent fields of V and 

indicate that for certain circulations the height of maximum concentration 

can decrease from equator to pole. More important, the latitudinal variation 

of the height of maxi.mum concentration i.n the stratosphere can be maintained 

for at least two years with a strdhg mid-tropospheric sink (rainout process). 

One such circuJdtion which can produce the desired result in the Northern 

Hemisphere with a source at 12°N is downward motion at 30°N, poleward motion 

from 30° - 60°N at 40 to 55 thousand feet, upward motion at 60°N and equator­

ward motion from 60 to 80 thousand f~et between latitudes 60° and 30°N. 

Incorporati.on of generaJ circt1lation tPrms in the model increases 

the possible number of degrees of freedom considerabJ.y. At this point, 

therefore it was decided to begin PX pPrimPnting with north polar tracer 

injections. The aim here is to provide a n1od el which will agree with the 

observed results of both polar and near-equatorial injections. In order to 

be able to handle polar injections, it was necessary to provide many more 

w 

grid points in pol ar latitt1des than was the casP in 1hP first version of the 

model. Accordingly, the model was reprogramrnPd to mi.nimize storage requirements 

and a grid of 30 x :28 points \vas adopt erl. The he ight interval was reduced 

from 2 to 1.5 km. There are 17 latitudinal points in the Northern Hemisphere 

and 12 1n the ~011tlien1 ll f.'mi spll r-'n: . Th!-· Jat i111di nal definition i.n the Northern 

Hemisphere corresponds to a latit11dinal grid spacing of slightly more than 5° 

per grid point. The reprogramming 11rocess was far more efficient than was 
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thought possible at the beginning and, if necess3ry, there is room now for 

an even greater number of grid points than 30 x 28 without resort to tape 

memory. The new program is in the process of being checked out . 

• 
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CHAPTER 8. MEASUREMENTS OF CARBON-14 CONCENTRATIONS IN GROUND LEVEL AIR 

The measurement of the concentration of carbon-14 in the carbon 

dioxide of ground level air in northern New Jersey which was begun during 

Project HASP, has been continued during Project Star Dust. Two samples are 

collected each month at the Township of Washington, Bergen County, New Jersey. 

The samples are collected by exposing to the atmosphere approxi­

mately 150 ml. of 4N KOH solution contained in two Petd dishes. Approxi­

mately every third day the Petri di8hes are emptied i.nto a polyethylene 

bottle and arL then refilled wi.th fresh KOH solution. On a bout the first 

and fifteenth day of each month the accumulated sample, consisting of about 

750 ml is taken to the laboratory and is processed. The solution is acidified 

with phosphoric acid to rP.lease the dissolved carbon dioxide. The evolved 

gas is collected and is purified twice us ing calcium oxide furnaces. It is 

then admitted to a two 1 i. t er proportionaJ counti:•r and is counted twice, t:he 

first time for approximately ~WO mi11utes and the second time for approximately 

900 minutes. 

The results of measurements of samples collected since January 1963 

are listed in Table 19. Results of measurements of earlier sampl2s were 

given in the sixth quarterly report. The concentrations are expressed in 

per cent above the activity of the National Bureau of Standards oxalic acid 

carbon-14 standard. 

A pronounced rise in the carbon-14 concentrations began in April 1963, 

no doubt as the result of the rel ease into 1-h1:• troposphere during the spring of 

1963 of carbon-14 injected into the stratosp ht~1·e bv tlw l<>Dl and 1962 weapons 

test series. A concentration of + 91. O per cent was reached in early August 1963. 

This was more than twice as high a concentration of a rti fie ial carbon-14 as was 

found during any year before 7963 . 

23') 
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The results of all carbon-14 measurements perfonned during Projects 

HASP and Star Dust have been used in preparing Figure 69, which shows the 

dramatic increase which occurred in ground-level carbon-14 concentrations 

during 1963. The tendency for carbon-14 concentrations in northern New Jersey 

to decrease during the latP. autumn and .early winter season, only to increase 

again Juring the late winter, is evident from the data in Figure 69. Pre­

sumably this pheonomenon is related to the dilution of carbon-14 in ground­

level air during the autumn and winter by "dead" carbon dioxide released by 

the consumption of fossil fuels. Bergen County lies with.in the heavily 

populated, highly industrialized region of the northeastern United States. 

The accumulated strontium-90 deposit at Westwood, New Jersey, 

which is calculated from measurements on samples of rain and snow, is 

plotted in Figure 70 together with a curve drawn through the mean monthly 

carbon-14 activities in ground level air at the Township of Washington. 

Both curvEs show the increasing rate of fallout accumulation during 1962 

and 1963. 
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* Table 19. Carbon-14 Concentrations in Ground-Level Air at Washington Township, 

..,•: 

Bergen County, New Jersey 

Star Dust No. Collect ion Interval S Cl4 

SD-34 l Jan 63 - 16 Jan 63 + 30.0 

SD-35 16 ,Jan 63 1 Feb 63 + 26.0 

SD- 36 l reb 63 - 16 l'eb 63 + 35 .o 

sn-:n 16 l-'Pb 6 :{ - J Mar 0:{ ~:· 38.1 

SD-38 .l Ma r 6:3 - 16 Mar 6:.1 + 38.0 

SD-39 16 Mar o:{ - 1 Aµr 63 + 34.5 

SD-40 1 Apr 6:~ - 17 Apr b:3 + 50.8 

SD-41 22 Apr 63 1 May 6~{ + 5 3. 3 

SD-42 1 May 6:{ - 14 May h~{ + 64.0 

SD-4:1 ]4 May 6:~ - :q Muy 6:{ + 66.5 

SIJ-44 :{ I Mily ( , ~{ - M Jun 6~ + 65. 6 

sn--4.r:. ]4 ,Ju11 ( ,: ) - '2 ,luJ b ;3 + 8u.2 

Sll-4t , :2 ,] ld h :_{ 15 ;lll1 (, :~ + 90.0 

SIJ-47 1.5 tlUl 6:3 - :n ,Jul 63 + 81.5 

SD-48 :r1. ,lu] 6:_{ - ]5 Aug b :{ + 91.0 

SD-49 1~ Aug I);{ - :_{ .l Aug 6:J + 90.0 

The concP. ntrati ons an' f!XJffessPd in JH~r cen t ab()vc thP activity of the National 
nurci.lu o f Standard s uxal i c ac id carb,,n-.14 ~tandan.l, . 

'..'.41 
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CHAPTER 9. THE DISTRIBUTION OF FISSION PRODUCTS 
IN KANSAS SOILS COLLECTED IN 1960 

A limited study was undertaken during Project HASP of the vertical 

distribution of several fission products in a series of soil samples. Results 

were given in the final report on Project HASv1- for the analyses of samples 

taken from several depths at each of 11 sampling sites in New Jersey and 2 

sampling sites in Kansas during 1960. Additional analyses have been performed 

during Project Star Dust on samples collected in Kansas during 1960. A brief 

discussion of these new data will be presented here. In a later report we will 

review these data together with the results of analyses of soil samples collect­

ed in New Jersey during 1962 and 1963. 

Plan of the Analyses 

The purpose of the soil analysis program in Projects HASP and Star 

Dust has been the determination of the vertical distribution in the soil of 

gamma-emitting fission products, such as cesium-137, ruthenium-106 and cerium-

144, which contribute to the external radiation health hazard from radioactive 

fallout from nuclear weapons tests, and the vertical distribution of strontium-

90, which has generally been considered to be, potentially, the most hazardous 

fallout nuclide. In the selection of sites to be sampled, an effort was made 

to obtain samples which would exhibit wide ranges in as many compositional and 

structural characteristics as possible. Eastern Kansas was chosen for the 

collection of samples because the soils found there are significantly different 

from those found in the eastern half of the United States (including New Jersey 

where sampling was also being performed) but the climate is sufficiently humid 

to make the area an important agricultural region. The lesser importance of 

agriculture in most of the semi-arid and arid regions of the Western United States 
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and the lower fallout rates there combined to make the states west of Kansas 

appear less desirable as sampling locales. 

The sampling apparatus and techniques used to collect the samples were 

described in DASA-1300, the final report on Project HASP. The collected cores 

were 24 inches long and 12 inches in diameter. For the radiochemical analyses 

a core 8 inches in diameter was taken from the 12 inch core. The outer margins 

of the 12 inch diameter core, which might have suffered contamination of the 

lower layers by material from the higher layers during core collection, were 

discarded . Each core was sliced into a series of layers, which were taken as 

separate samples. Since most of the fission product activity in the cores was 

in the upper few inches, thinner layers were taken from the tops than from 

the bottoms of the cores. The layers generally taken were, starting at the top 

of the cores, 0 to 1/2 inch, 1/2 to l inch, 1 to 2 inches, 2 to 3 inches, 3 to 

4 inches, 4 to 6 inches, 6 to 9 inches and 9 to 12 inches. In one of the cores 

discussed here the layers between 12 and 18 inches and between 18 and 24 inches 

were also sampled and were an_alyzed , Gen..,rally it was expected that the quan­

tities of fission products in these lower layers would be negligible and there­

fore it would not be necessary to analyze the layers taken from depths below 

12 inches. 

The fission products measured in the Kansas soils, strontium-90, 

ruthenium-106, cesium-137 and cerium-144, were the same i1uclides which had been 

measured in the New Jersey soils. As with the New Jersey soils, all data were 

corrected for decay to 1 July 1960. Unfortunately, the data obtained, and 

especially those for ruthenium-106 and cerium-144, were inferior in accuracy 

and precision to those obtained for the New Jersey samples and reported in DASA-

I 1300. Nevertheless most of the data, and especially those for the upper few 
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inches of soil, are usable. 
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Description of Kansas Soil Sample~ 

Descriptions of all of the soil samples collected in Kansas during 

1960 and analyzed radiochemically are given in Table 20. These descriptions 

contain all of the data on the physical, chemical and mineralogical character­

istics of the samples which are available to us. The sampling sites are marked 

on the map of Eastern Kansas which is shown in Figure 71. 
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Table 20. Descriptions of Kansas Soil Samples -, 

.... .. 

Soil Sample Number 27 

Soil Type: Shellabarger sandy loam. 

Location: 150 feet East and 40 feet South of the Northwest corner of 

Section 22-T25S-R7W, Reno County, Kansas. 

Date of Sampling: September 26, 1960 

Physiographic Position: Upland. 

Climate: Subhumid ( 27 11 annual rainfall). 

Drainage: 

Vegetation: 

Described by: 

Horizon Depth 

0-11" 

11-17" 

17-29" 

C 29-45" 

Remarks: 

Well drained, permeability moderate. 

Native grass. 

James J. Rockers, Soil Scientist, Soil Conservation 

Service . 

Soil Profile Description 

Description 

Dark gray brown (10YR4/2d) very dark gray brown 

(10YR3/2m); sandy loam; weak granular; soft when 

dry, very friable when moist; numerous roots; pH 5.6; 

grades to A3. 

Dark gray ·brown (10YR4/2d) very dark gray brown 

(10YR3/2m); sandy loam; moderate, medium granular; 

soft when dry, very friable when moist; numerous 
roots; pH 6.0; grades within about 3" to B2. 

Brown (10YR4/3d) dark brown (10YR3/3m); heavy sandy 

loam; moderate medium granular and weak subangular 

blocky; slightly hard when dry, friable when moist; 

pH 6.3; grades within about 5" to c·. 

Reddish yellow (7.5YR6/6d) brown (7.5YR5/4m); sandy 

loam; massive,soft when dry, very friable when moist; 

pH 6.5--, 

The pH determination was made with a Hellige kit. 

Color is expressed in terms of Munsell's color notations. 
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Table 20. (Cont'd) 

Soil Sample Number 28 

Soil Type: Pratt loamy sand, 

Location: 1970 feet west and 2600 feet north of the Southeast corner of 
Section 33-T22S-RSW, Reno County, Kansas , 

Date of Sampling: September 26, 1960 

Physiographic Position: Upland, eolian sand on undulating topography. 

Climate: Subhumid (27" annual rainfall, approx.). 

Drainage: Low runoff, well drained internally. 

Vegetation: Tall native grass, Bluestem, Indian and Switch. 

Described by: James J. Rockers, Soil Scientist, Soil Conservation 
Service. 

Horizon Depth 

B2 
12-24" 

C 24-40" 

C 40-52" 

Soil Profile Description 

Description 

Dark gray brown (10YR4/2d) very dark brown (10YR2/2m); 
loamy sand; weak fine granular; soft when dry, very 
friable when moist; numerous roots; pH 6.0; grades 
within about 211 to A

3
. 

Brown (10YR5/3d) dark brown (10YR3/3m); loamy sand; 
moderate fine granular; soft when dry, very friable 
when moist; n11merous roots; pH 6.0; grades within 
a bout 311 to B

2
. 

Light yellowish brown (10YR6/4d) dark yellowish brown 
(10YR4/4m); heavy loamy sand; moderate fine granular; 
slightly hard when dry, friable when moist; numerous 
roots; pH 6.0; grades within about 4" to C. 

Pale brown (10YR6/3d) yellowish brown (10YRS/4m); 
loamy sand; single grain, loose when dry or moist; 
numerous roots; pH S.S. 

Same as horizon above, except moist color is light 
yellowish brown (10YR6/4). 

I Remarks: The pH detennination was made with a Hellige kit. 
Color is expressed in terms of Munsell's color notations, 
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Table 20. (Cont'd) 

Soil Sample Number 29 

Soil Type: Bethany silt loam (undisturbed)· 

Location: 1330 feet south and 660 feet west of the Northeast corner of 
Section 8-T22S-R4W, Reno County ., Kansas· 

Date of Sampling: September 27, 1960 

Physiographic Position~ Upland ( elevation approximately 1700 feet). 

Climate: 

Drainage: 

Vegetation: 

Described by: 

Horizon Depth 

0-12" 

12-1811 

18-3711 

37-45" 

Remarks: 

Subhumid (27u annual rainfall, approx.). 

Well drained, permeability is moderately slow. 

Native Blue-grama and Buffalo grass. 

James J. Rockers, Soil Scientist, Soil Conservation 
Service. 

Soil Profile Description 

Description 

Dark brown (10YR3/3d) very dark brown (10YR2/2m) silt 
loam; moderate medium granular; slightly hard when dry, 
very friable when moist; many fine grass roots; pHS.8; 
grades within 2" to A3. 

Dark brown (10YR4/3d) (10YR3/3m) light silty clay 
loam; strong medium granular; hard when dry, friable 
when moist, fine roots are common; pH 6.0 grades 
within about 2" to s21 . 

Dark gray brown (10YR4/2d) very dark gray brown 
(10YR3/2m) silty clay; weak medium sub-angular blocky 
with slickensides of ten centimeters in diameter; 
extremely hard when dry, very firm when moist; few 
roots; pH 6.5; grades within about 5" to .s22 . 

Gray brown (2.5Y5/2d) olive brown (2.5Y4/4m) silty 
clay loam; weak medium granular to massive; very 
hard when dry, firm when moist; mildly calcareous 
with scattered calcareous concretion some 5mm in 
diameter. 

A Hellige-Truog soil reacti~n tester was used to 
determine pH, 
Soil colors determined by use of Munsell's Color Chart. 
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Table 20. (Cont'd) 

Soil Sample Number 30 

Soil Type: Bethany silt loam (~ultivat Pn). , 

Location: 1400 feet south and 600 feet west of the Northeast corner of 
Section 8-T22S-R4W, Reno County, Kansas . 

Date of Sampli ng: Septeml,~r 27, 1960 

Physiographic J1sition: Upland (1700 feet elevation, approx.). 

Climate: 

Drainage: 

Vegetation: 

Described by: 

Horizon Depth 

0-11" 

11-19" 

19-39" 

39-45" 

Remarks: 

Subhumid (27" annual rainfall). 

Well drained, permeability is moderately slow. 

Cultivated; currently in wheat . 

James J . Rockers, Soil Scientist, Soil Conservation 
Service. 

Soil Profile Description 

Description 

Dark brown (10YR3/3d) very dark brown (10YR2/2m) silt 
loam; weak fine granular; slightly hard when dry, 
friable when moist; upper 8" disturbed by cultivation, 
lower 3" somewhat compacted; pH 5.7; grades within 
about 2" to tA3. 

Dark brown (10YR3/3d) very dark gray brown (10YR3/2m) 
light silty clay loam ; strong mP.dium granular; _sli.ght]y 
hard dry, friable when moist; some dead roots & some worm 
casts; pH 6.0; grades- within about 4" to ,B21 . 

Brown (10YR4/3d) dark brown (10YR3/3m) silty clay loam; 
moderate medium subangular blocky and blocky with 
slickensides; very hard when dry, very firm when moist; 
thin continous clay films; few fine roots; pH 6.5; 
grades within about 4" to .B22 . 

Gray brown (10YR5/2d) dark gray brown (10YR4/2m) silty 
clay loam; weak to moderate, medium subangular blocky; 
hard when dry; firm when moist; weakly calcareous with 
scattered calcareous conrretion some 3-5 11111 in diameter. 

The pH was determined with a Hellige kit. 
Color is expressed in terms of the Munsell's notation 
of color. 
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Table 20. (Cont'd) 

Soil Sample Number 32 

Soil Type: Irwin Q·1t clay loam. 

Location: 700 feet north and 70 feet west of E 1/4 corner Section 
25-T-23S-R4E map 6-3, Butler County, Kansas. 

Date of Sampling: September 27, 1960 

Physiographic Position: Gently slopin~ undulating,convex erosion upland, 
about 1.5% gradient . 

Climate: 

Drainage: 

Vegetation: 

Horizon 

A 
0 

AB 

Depth 

0-1/2" 

1/2-8" 

8-9" 

9-23" 

23-35" 

Annual precipitation about 31". 

Runoff moderate, permeabili ty slow. 

Rig filuestem, little Bluestem, Switchgrass, tall 
Dropseed, H0 ath aster, Perennial ragweed. Used as 
native pasture , 

Soil Profile Description 

Description 

Gray (lOYR.5/1 dry; 10YR3/l.5 moist) silt loam mulch 
consisting of decayed grass and particles of soils; 
slightly platy showing some compaction; boundary 
smooth and abrupt. 

Very dark gray (10YR3/l.5 moist) light silty clay 
loam; moderate medium granular; slightly hard; 
friable; many roots; boundary abrupt and smooth. 

Very dark gray (10YR3/l.5 moist) heavy silty clay 
loam; moderate medium granular structure with slight 
graying on ped surfaces; slightly hard; friable; many 
roots; boundary abrupt and smooth. 

Very dark brown (lOYR'l/2 moist) silty clay; moderate 
medium and fine irregular angular blocky structure with 
peds adhering to one another; interior of peds are 
(10YR3/2 moist); roots are concentrated on ped surfaces 
very hard; very finn; clay films distinct and con­
tinuous; several slickensides noted '1t 21" depth; 
boundary smooth and graduaL 

Very dark grayish brown (l0YRJ/2 moist) silty clay 
loam; structure somewhat weaker than above horizon, 
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Table 20. Soil Sample Number 32 (Cont'd) 

Horizon Depth 

35-38" 

38-50" 

• 

50-68" 

Dr 68" + 

Description 

otherwise very similar; few lime concretions at 32"; 
boundary smooth and gradual• 

Dark brown (10YR4/3 moist) silty clay; other character­
istics same as above; boundary clear and smooth• 

Dark reddish brown ( 6YR3/2 moist) light silty clay; 
weak blocky structure; few patchy clay films; hard 
and firm; this horizon thought to be a truncated 
paleasal; boundary smooth and gradual• 

Dark reddish brown (5YRJ/4 moist) silty clay; massive 
in place; mottled with dark red, grays and yellows; 
few shale chips in lower part. 

Greenish clay shales of a waxy character with some 
lime disseminations. 
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Table 20. (Cont'd) 

, I Soil Sample Nwnber 34 

Soil Type: SI.UIITlit clay loam. 

Location: 1700 feet west and 700 feet south of the northeast corner of 
Section 8-T30S-R24E, or about 120 feet north of the aouth edge 
of meadow and midway between the two drains, Crawford County, 
Kansas. 

Date of Sampling: October 3, 1960 

Physiographic Position: Gently rolling upland between two small drains about 
7 5 yards apart . 

Drainage: 

Vegetation: 

Horizon Depth 

0-1/ 4" 

1/4-4" 

4-15" 

15-20" 

20-28" 

Surface well drained. Slow penneability. 

Native bluestem meadow. 

Soil Profile Description 

__________ Dr!scription 

Very dark gray (10YR3/l dry, 2/1 moist) light clay 
loam; compact fine or very fine platy; friable when 
moist, finn when dry, apped with a 1/16" layer of 
decayed vegetation and some tiny moss growth; pH 6.1; 
abrupt boundary to A12 . 

Very dark gray (10YR3/l dry, 2/1 moist) clay loam; 
moderate medium granular; friable when moist; firm 
when dry; horizon held to~ether by profuse root 
growth; pH 6.0; grades to,A13• 

Very dark gray (10YR3/l dry, 2/1 moist) clay loam; 
moderate medium and coarse blocky with many peds 
crushing to moderate medium granular; firm when moist; 
hard when dry, occassional worm casts; a few very fine 
shot concretions; on occassional small chert frap.ent; 
considerable root growth; pH 6.2; grades to.Bi· 

Dark grayish brown (2.SY4/2 dry, 3/2 moist) silty clay; 
moderate medium irregular blocky; very fine when moist; 
very hard when dry; many small shot concretions usually 
coated with dark reddish brown; pH 6.3; grades to 8. 

2 

Dark grayish brown (2.5Y4/2 dry, 3/2 moist clay; weak 
blocky; extremely firm when moist; extremely hard when 
dry; several Fe-Mn shot concretiom; 10% mottled with 
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Table 20. 

Horizon 

C 

Remarks: 

Soil Sample Number 34 (Cont'd) 

Depth Description 

conanon fine distinct reddish brown mottles; pH 6.5; 
diffuse boundary to.c. 

28-43" + Dark grayish brown (2.SY4/2 dry, 3/2 moist) clay; weak 
blocky to massive; extremely firm when moist; extremely 
hard when dry; 20% mottled with common medium distinct 
reddish brown and reddish yellow mottles; some black 
shot concretions; a few small chert fragements; an 
occassional small limestone fragment that reacts to 
10% HCl; pH 7.1. 

pH taken in the field with a Hellige-Truog soil re­
action tester. 
Colors according to Munsell's color chart. 
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Table 20. (Cont'd) 

Soil Sample Number 36 

Soil Type: ~herokee silt loam. 

wcation: 400 feet north and 50 f et eat of outhwest corner of Section 

ll-T31S-k22E, Crawford County, Kansas. 

Date of Sampling: October 3, 1960 

Physiographic Position: Nearly level to flat uplands. 

Drainage: 

Vegetation: 

Horizon Depth 

All 0-111 

Al2 1-7" 

A2 7-14" 

821 
14-27" 

822 
27-37" 

Surface drainage fair to poor . Internal drainage 
very slow. 

Native bluestem meadow . 

Soil Profile Description 

Description 

Light brownish gray (10YR6/2 dry, 4/1 moist) silt loam; 

weak platy appea ance may be due to the profuse root 

growth holding the horizon together; friable when moist; 
firm when dry; pH 6. 5; clear boundary to A12 • 

Light gray (10YR7/2 dry, 4/1 moist) silt loam; ~~ak 
blocky in place crushing easily to very fine gra .ular; 

a few fine faint yellowish brown mottles; pH 5.2; 
diffuse transition to :A2. 

Nearly white (10YR7.5/l dry, 5/1 moist) silt loam; weak 

structure in place but crushes to a powdery very fine 

granular; friable when moist; many tiny pin point like 
pores; pH 5.0; abrupt transition to n21 . 

Very dark gray (10YR4/l dry, 3/1 moist) clay; moderate 

medium and coarse irregular blocky; extremely firm 

when moist; clay skins very evident; very dense and 

compact; 5% - 10% mottled with fine faint yellowish 

brown mottles; pH 5.1, grades to e22 . 

Grayish brown (10YR5/2 dry, 3/1.5 moist) clay; massive 
to very weak blocky; extremely fi.nn when moist; a few 
fine faint yellowish brown mottles; a few very small 

shot concretions; occassional black staining between 

peds; pH 5. 5; grades to B3 • 
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Table 20. 

Horizon 

Remarks: 

Soil Sample Nwnber 36 (Cont'd) 

Depth Description 

37-42" + Grayish brown (lOYRS/2 dry, 4/2 moist) and light gray 
(10YR7/2 dry, 6/2 moist) silt clay; massive; very f inn 
when moist (but relatively more friable than the two 
horizons immediately above); some black Fe-Hn staining; 
common coarse distinct yellowish brown mottles;pH 5.5. 

pH taken in the field using the Hellige-Truog soil re­
action tester. 
Color detennined with the Munsell's color chart. 
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Table 20. 

Soil Type: 

li>ci.Jti.on: 

(Cont'd) 

Soil Sample Number 37 

Bates lo.:im. 

520 feet west and 60 feet south of the northeast corner of 
s~rtjon 31-T28S-R23E, Crawford County, ICansas. 

Date of Sampling: September 30, 1960 

Phys ~ographic Position: Gently rolling upland. ~% convex slope to the south. 

Drainagt!: 

Vegetation: 

Horizon Depth 

0-1" 

1-4" 

4-14" 

B 14-22" 

C 22-29 11 

Well drained, moderate penneability. 

Native bluestem meadow. 

Soil Profile Description 

Description 

Dark grayish brown (10YR4/2 dry, 2/2 moist) loam; 
weak structure in place but crushes to fine granular; 
friable when moist; slightly hard when dry; profuse 
roots tend to mat horizon together; pH 6.5; clear 
boundary to Al:.:!' 

Dark grayish brown (l0YR4/2 dr;, 2/2 moist) loam; 
weak structure in place crushes to moderate fine 
granular; friable when moist; slightly hard when dry; 
does not have matted appearance of horizon above but 
appears more compacted than horizon below; pH 6.0; 
grades to A

13
. 

Dark grayish brown (l0YR 4/2 d1-y, 2/2 moist) loam; 
weak blocky crushing to moderate fine and medium 
granular; friable when moist slightly hard when dry; 
pH 6.0 grades t B, 

Dark brown (7.5YR4/3 dry,3/2 moist) clay loam; 
weak blocky to moderate medium granular; friable when 
moist; hard when dry, contains some sandy fragments 
which are mott]ed or stained with reddish brown; 
pH 6.0; grades to c. 

Brown (7.5YR5/4 dry, 3/4 moist) light clay loam; 
massive or very weakly granular; finn when moist; 
hard when dry; many brownish yellow and yellowish 
brown fragmented sandy shales and/or sandstones; 
some black staining between shale layers; pH 5.8; 
rests on D . 

l' 
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Table 20. Soil Sample Number 37 (Cont'd) 

Horizon Depth Description 

Dr 29-31" + Yellowish brown layered compacted sandstones and sandy 
shales; pH 5. 8. 

Remarks: pH determined in the field with a Hellige-Truog soil 
reaction tester. 
Color determined with the Munsell's color chart. 
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Table 20. (Cont'd) 

Soil Sample Number 38 

Soil Type : Labette clay loam . 

wcation: 1640 feet south and 84 "feet west of the northeast come of 
Section 6-T31S-R24E, Cr wford County, Kansas 

Date of Sampling : September :w, 1960 

Physiographic Posit.ion: Gently rolling upland. 2% slope to the north­
northwest . 

Drainage: 

Vegetation: 

Horizon Depth 

0-1" 

1-7" 

7-12" 

12-15" 

15-27" 

Well drained, moderately slow pe1111ealility . 

Nativ Blu tern meadows. 

Soil Profil De cr'ption 

Descriptio.1 

Dark gray i sh brown ( OYR4/2 dry, -/2 moist) clay loam; 
either weakly platy or somewhat cnmpacted but will 
crush rather asily to a fine gra . ular ; slightly hard 
when dry· f riable when moist; man fine roots present: 
pH 6.0 

Oi1rk brown (7.5YR4/2 dry, 2/2 moi1t) clay loam; weak 
tc modt.! rate m dium granular; slightly hard when dry; 
friable when moist; pH 5.5; grade · to A3. 

Dark brown (7 . 5YR 3/2 dry, 2/2 mcist) silty clay loam; 
moderate to strong medium granular; hard when dry; 
finn when moiE,t; a few fine faint yellowish brown 
mottles; a few small weathered cl ,ert fragments and 
corals; pH ,:; . l; grades to B1. 

Dark reddish brown (5YR3/3 dry, ~/3 moist) silty clay; 
strong medium granular; hard when dry; finn when moist; 
a few small black Fe-Mn shot concretions; also a few 
small chert fragments; pH 6.0; g··ades to B21 . 

Dark reddish brown (5YR3/4 dry, ~/4 moist) heavy silty 
clay; weak blocky to moderate medi\lD granular; hard 
when dry; finn when moist; several black Fe-Mn con­
cretions about 1/8" in diameter; pH 6.0; grades to B22 • 
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Table 20. Soil Samples Number 38 {Cont'd) 

Horizon Depth 

27-36" 

Dr 36" + 

Remarks: 

Description 

Very dark grayish brown (10YR3/2 dry, 2/2 moist) clay; 
moderate medium irregular blocky; estremely hard when 
dry; extremely firm when moist; 10% - 20% mottled 
with reddish yellow; some small chert fragments and 
occassional larger ones which will not react to 10% ~ 
some dark staining between peds; pH 7.8; rests on D. r 

Limestone bedrock. 

pH was taken in the filed using the Hellige-Troug 
soil reaction tester. 
Color determined with the Hunsell's color chart. 
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The Radiochemical Procedures 

The "pretreatment" to which the samples were subjected before being 

analyzed radiochemically was described in DASA-1300. This included the extrusion 

of the samples from the corers, their drying, pulverizing and blending. 

A 100 mg. aliquot of each soil sample was analyzed for ruthenium-106. 

A s~cond 100 mg. aliquot was analyzed sequentially fo r :-; t rontium-90, cesium-137 

and cerium-144. Aliquots of the dried soil were al so measured for cesium-137 

using gamma spectrometry. The radiochemical and radiometric procedures em­

ployed were discussed in DASA-1300. However, because some changes have been 

made in the radiochemical procedures used on the Kansas soil samples, the 

revised procedures are given here. 

The Separation and Detennination of Ruthenl um-106 and Rhodium-106 in Soils 

1. Weigh 100 grams of prepared soil in a 250 ml beaker, aJd 30 mg of Ru 

0 
carrier, mix thoroughly and dry in an oven for 2-3 hours at 110 c. 

2. Helt 100 grams of NaOH pellets in a 500 ml nickel crucible and rotate 

the crucible to coat the walls with melt extending to within 1-1/2 

inches from the top. 

3. Transfer the dry soil sample to the crucible and clean the beaker with 

150 grams of NaOH pellets. After thoroughly mixing the NaOH into the 

soil, cover the mixture with 50 grams of NaOH. 

4. Place the crucible on a tripod and heat with the aid of four Fisher 

burners. When the mixture begins to melt, stir with a glass rod. 

(Caution: some frothing will occur but can be controlled by stirring 

and regulating the heat.) 

5. After the frothing has stopped add 50 grams of Na2o2 in a series of 
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6. 

small portions while stirring with a glass rod. 

0 
Place the crucible in a furnace at 550 C and raise the temperature to 

0 650 Cover a period of one hour. 

7. Remove the crucible from the furnace and sprinkle approximately 25 

grams of Na2o2 on the crucible walls. Rotate the crucible to coat 

its walls with molten flux and again place in the furnace. 

8. Raise the temperature to 7oo0c and heat the sample for 10 minutes. 

(Crucible should be cherry red in color.) 

9. After the crucible has cooled to room temperature, cover the mouth 

of the crucible with a paper towel and tap the sides gently with a 

ha11111er to loosen the cake. 

10. Invert the crucible in a 3 liter beaker and add 500 ml of H2o. 

Remove the crucible, rinse the exterior with H20 and wash the in­

terior with H2o. Combine the rinses and washes in the 3 liter beaker 

and heat for 1 hour to destroy all the Na2o2. 

11. Cool the beaker in a water bath and add conc~ntrated HCl, with con­

tinuous stirring, until white lumps of Al(OH)3 appear. Cool in a 

water bath and add concentrated HCl until a yellow mass is obtained. 

At this point, add enough concentrated HCl to 1111.ke the solution 

approximately 3N. 

12. Add 50 ml of 48% HBr and digest on a hot plate for 2 hours with 

mechanical stirring. Replace any H2O lost due to evaporation. 

13. Filter the solution through a 24 cm Buchner funnel while still want 

(approximately 5o0 c) using No. 41 H Whatman filter paper. Wash the 

SiO2 precipitate twice with 100 ml portions of warm 3N HCL . 
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14. Disconnect the vacuum line, add 100 ml of wann H20 to the precipitate, 

slurry with a stirring rod and apply vacuum. Agai n di sconnect the 

vacuum line, add 100 ml of warm 3N HCl to the precipitate, slurry with 

a stirring rod and apply vacuum. Repeat alternate H20 and 3N HCl 

washi ngs untiJ the precipitate is decolorized. Combine washings and 

the origi nal f iltrate. 

15. Evaporate the solution until 1/2 inch of solution is covering the 

salts which have fanned. Dissolve the salts in a minimum ,1f hot 

tt2o. (Volume should not exceed 3 liters.) 

16. Heat the solution to boiling. Add 0.2 grams of Thioacetamide for 

every 30 ml of solution. (Note 1.) Digest on a hot plate for 15 

minutes, cool to approximately 50°C and filter the RuS2 on a 9 cm 

Buchner funnel using No. 42 Whatman filter paper. Wash the precipitate 

with 100 ml of H20 and discard the filtrate. 

17. Transfer the precipitate and filter paper into a 500 ml distilling 

flask. Using a rubber policeman and H20, wash all the remaining 

RuS2 from the wal ls of the funnel into the distilling flask (Note 2). 

18. Add 30 ml of concentrated H2so4 and cool the flask in an ice bath. 

(Add H2S04 slowly to avoid charring of the filter paper.) Using a 

Bunsen burner heat the solution in the flask to completely mascerate 

the filter paper. 

19. Cool the flask to room temperature and add 10 ml of saturated NaBr03 

through an addition funnel. Heat the flask gently (with stirring) for 

10 minutes and collect the volatile Ru04 into two traps, each contain­

ing 30 ml of concentrated HCl. Cool the distilling flask, repeat the 

addition of 10 ml of saturated NaBr03, and distill for 10 minutes three 

more times. 
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20. After the last NaBr03 addition, distill until the liquid in the flask 

is clear. 

21. Transfer the HCl-Ru distillate to a 250 ml Erlenmeyer flask and wash 

the traps with H2O and lN HCl. Combine the washi~g with the distillate 

and evaporate the solution to 50 ml (Hood: Br2 evolved) . 

22. Cool and add powdered magnesium in small portions, swirling the flask 

between each addition until the reduction to the ruthenillll metal is 

complete as indicated by a colorless solution. 

23. After reduction is complete, transfer to a 40 ml centrifuge tube by 

portions centrifuge and discard the supernate. 

24. Wash the 1uthenium metal with 10 ml of 6N HCl followed by two washings 

with 10 ml of H20; slurry with H20 and filter onto a previously washed 

and weighed Whatman No. 42 filter disk. 

25. Wash the precipitate with 10 ml of H20 followed by three 5 ml portions 

of acetone; dry in an oven for 15 minutes at 110°c, cool in a dessicator, 

weigh and record the chemical yield of ruthenium metal. 

Note 1. Caution should be taken with the addition of Thioacetamide. Add only 

small portions at a time and stir continuously after each addition to 

retard the foaming which occurs. 

Note 2. Volume should not exceed 50 ml. 

Ruthenium-106 Counting Procedure 

The Ru106 samples are counted in a low level beta counter. The 

samples are counted both without an absorber and with an all.lllinllll absorber 

of 171.08 mg/cm2 thickness. If the ratio between the non-absorber and absorber 

counts agrees with the previously determined standard absorber ratio within the 

prescribed counting statistics, the sample is accepted as radiochemically pure. 
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Appropriate counter efficiencies are applied to convert the count rate to dis­

integrations per minute, 

The Sequential Separation of StrontilUll-901 CesilUll-137 and CerilUll-144 in Soils 

1, To a 100 gram aliquot of a dry soil sample contained in a 250 ml 

beaker, add 1 ml of strontium carrier (20 mg Sr/ml), 1 ml of cesium 

carrier (20 mg Cs/ml) and 1 ml of ceril.111 carrier (20 mgCe/ml) stirring 

in each carrier separately, Mix thoroughly and dry in an oven at 110°c 

for 2-3 hours, 

2, Add 150 grams of NaOH pellets to the dry soil sample and mix thoroughly, 

3, Melt 100 grams of NaOH pellets in a 500 ml nickel crucible and rotate 

the crucible to coat the walls with melt as highasl 1/2 inches from 

the top, 

4, Cool the nickel crucible, transfer the soil-NaOH mixture to the crucible 

and cover the soil mixture with 75 grams of NaOH pellets. Clean the 

beaker with 25 grams of NaOH and transfer to the crucible, 

5, Place the crucible on a tripod and heat with four Meeker Burners. 

When the mixture begins to melt, stir with a glass rod. (Caution: 

some frothing may occur, but it can be controlled by stirring and 

heating.) 

6, When the frothing has diminished, stir in 50 grams of Na2o2• Heat in 

a muffle furnace at 65o0c for 1/2 hour. Remove the crucible from the 

0 
furnace, add 25 grams of Na2o2 and heat in the furnace at 700 C for 

1 hour. 

7, Cool the crucible to room temperature and remove the cake by gently 

tapping the sides and bottom of the crucible with a haJ1111er. 
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8. Transfer the cake to a 3 liter beaker and add enough water to cover 

the melt. Add water to 1/2 inch from the top of the nickel crucible, 

place the crucible on a hot plate, put a watch glass on top and heat 

until strong refluxing is evident. Combine the wash with the cake in 

the 3 liter beaker. 

9. Heat the mixture until the large particles are broken. Then heat for 

1 hour with mechanical stirring to remove all traces of Na2o2. 

10. Cool, add enough concentrated HCl to bring the mixture to pH 13 and 

add 100 ml of saturated Na 2co3. Heat the solution for 1 hour on a 

hot plate with mechanical stirring. 

11. Cool the mixture to room temperature and vacuum filter through a glass 

fiber filter paper contained in a 15 cm Buchner funnel. Wash the pre­

cipitate with warm H20 to remove salts and reserve the filtrate for 

the cesium-137 purification procedure. 

12. Transfer the precipitate and filter paper containing the strontillft 

and cerium fractions to a 1 liter beaker. Wash the Buchner funnel 

with concentrated HCl until all of the precipitate is removed. Combine 

the wash and the precipitate. 

13. Add to the wash and precipitate 500 ml of concentrated HCl and heat 

the solution until the fi:ter paper has been mascerated. 

14. Add 3 grams of Nal and heat with mechanical stirrint for tw hours. 

Cool the solution to room temperature and filter through a Whatman 

No. 541 filter paper contained in a Buchner funnel. Wash the residue 

with warm 6M HCl until colorless. Discard the residue. 

15. Evaporate the filtrate and wash solution to approximately 300 ml and 

add enough 12 M NaOH to bring the solution to pH 14. Add 100 ml of 
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saturated Na 2co3, dlgest on a hot plate for 10 minutes and filter the 

solution through a Buchner funnel containing a 15 cm glass fiber filter 

paper. Wash the precipitate with 2N NaOH and filter to complete dryness. 

Discard the filtrate. 

16. Transfer the precipitate and filter paper to a 1 liter beaker and add 

150 ml of concentrated HN03. Wash the Buchner funnel with concentrated 

H003 and add the wash to the 1 liter beaker. 

17, Boil the mixture on a hot plate until the filter paper is completely 

mascerated. Filter the solution through a Buchner funnel coutaining 

a 9 cm glass fiber filter paper (Note l} and wash the precipitate with 

100 ml of warm H2O. Discard the precipitate. 

18, Transfer the filtrate to a clean 1 liter beaker and evaporate to about 

25 ml (Note 2). Cool and filter the mixture through a Buchner funnel 

containing a 9 cm asbestos filter pad. Wash the precipitate with 

9 N 003 and discard the precipitate. 

19, Transfer the filtrate to a 250 ml beaker, boil to about 10 ml and add 

2 grams of NaBr03• 

20. Filter the mixture through a Buchner funnel containing a 9 cm asbestos 

pad and wash the precipitate with 9 N H003. 

21. Repeat steps (19) and (20) until no more Mn02 is precipitated. Discard 

the precipitate after each treatment. 

22. Take the solution to pH 9.0 with NH
4

0H and add 100 ml of saturated 

Na2co
3

. Heat on a hot plate for 10 minutes and filter through a Whatman 

No. 52 filter paper contained in a Buchner funnel. Transfer the pre­

cipitate to a 600 ml beaker, dissolve it in 200 ml of concentrated HCl 

and wash the funnel with concentrated HCl. 
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23. Transfer the solution to a 1 liter separatory funnel and wash the 

beaker with concentrated HCl. Add the washings to the separatory 

funnel. 

24. Add 200 ml of alcohol free iso-propyl ether and shake for tw minutes. 

If the aqueous (lower) phase is not colorless, add more concentrated 

HCl and shake until the aqueous phase is colorless. Allow the phases 

to separate and draw off the aqueous phase into a 1 liter beaker. 

(Note 3). 

25. Evaporate the solution to about 50 ml, cool in an ice bath and add 

enough concentrated NH40H to bring the solution to pH 10. Filter 

through a Buchner funnel containing a 9 cm Whatman No. 52 filter paper, 

26. Transfer the precipitate to a 1 liter beaker, dissolve in concentrated 

HCl and wash the Buchner funnel with HCl. Repeat step 25. Reserve the 

precipitate for the Ce-144 purification procedure as described in DASA­

]300, Volume 5, pg. 244 (1961). 

27. Transfer the. filtrate to a 1 liter beaker and reserve the solution for 

the Sr-90 purification procedure as described in DASA-1300, Volume 5, 

pg. 230 (1961). 

Note 1. A small portion of meta-titanic acid will precipitate during filtration. 

•· Note 2. Meta-titanic acid will precipitate during evaporation. 

.. 

.. 
• • 

Note 3. The ether fraction is reserved and purified for further use by dis-
. 

tillation (boiling point 67.5°c) . 

Cesium-137 Purification Procedure 

a) Add concentrated HCl to the clear filtrate from step 11 of the sequential 

separation until the solution is 6N HCl. 
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b) Cool to room temperature and filter onto a 24 cm Buchner funnel contain­

ing Whatman No. 41 H filter paper. Wash the Si02 alternately with 100 

ml portions of hot 6 N HCl and hot water until the silica is decolor­

ized. Combine the washings and filtrate. Discard the Si02 precipitate. 

c) Evaporate the filtrate and washings until 1/2 inch of solution is cover­

ing the salts. Dissolve the salts in a minimum of hot H20 (volume should 

not exceed 3 liters). Ad~ with stirring, 0.75 grams of NiS04 and 1 

gram of K4Fe(CN)6• 3H20 and mechanically stir for 1 hour. Let the pre­

cipitate settle overnight. 

d) Decant or siphon off the clear supernate and centrifuge the precipitate 

in portions. Discard the supernates. 

e) Transfer the precipitate from step (d) into a #3 Coors porcelain 

crucible and dry the precipitate thoroughly under a heat lamp. 

f) Ash the precipitate for 3 l1our& at 4S0°C in a muffle furnace. 

g) Add 10 ml of 6 N HCl to the residue in the crucible. Use a rubber 

policeman to remove the precipitate from the walls qf the crucible. 

Transfer the mixture to a 40 ml centrifuge tube and wash the crucible 

with 6 N HCl to remove any additional residue. Transfer the washes 

to the original mixture. Heat in a hot water bath for 10 minutes. 

h) Cool, centrifuge and decant the supernate into a clean 100 ml beaker. 

Wash the precipitate twice with 10 ml portions of 6 N HCl and combine 

washes with the original supernate. Discard the precipitate. 

i) Add 5 ml of 0.13M silico tungstic acid for every 30 ml of solution Rnd 

3 drops of aerosol solution, and heat the solution to a rolling boil 

for a half hour. 
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j) Cool, centrifuge in portions and discard the supemate. Wash the pre-
' t 

cipitate tw:f. r.e with 10 ml portions of 6 N ffCl and discard the washes 

(Note 1). 

k) Dissolve the cesium silico tungstat e precipitate in 3 ml of 6 M NaOH, 

itdd 20 ml of 6 N HCl and digest the precipitate in a hot water bath 

for 30 minutes. Cool, centrifuge and transfer the supernate to a 

100 ml beaker. Wash the precipitate twice with 5 ml portions of 

6 N HCl and combine the washes with the original supernate. Discard 

the precipitate. 

1) Add 3 drops of meta-cresol purple indicator to the supernate and 

neutralize with 50% NaOH. Transfer the solution to a 125 ml separat­

ory funnel containing 10 ml of "citrate buffer solution'' (lM Na3 c6 H5 

o
7

, 0.5 M HN0
3
). 

m) Add 25 ml of 0.05 M sodium tetraphenyl boron-amyl acetate solution to 

the funnel, shake for 30 seconds and allow to stand for 3 minutes 

(Note 2). 

n) Withdraw th~ aqueous (lower) phase and collect in another 125 ml 

separatory funnel. Extract again with 15 ml of 0.05 H sodi.lln tetra­

phenyl boron-amyl acetate solution . 

o) Withdraw and discard the aqueous phase. Combine the two portions of 

tl 11~ organic phase in a separatory funnel. 

p) Strip the cesium from the organic phase by extracting twice with two 

10 ml portions of 3M HCl. Combine the strips in a clean 100 ml 

beaker and heat on a hot plate for 30 minutes to distill offall traces 

of the amyl acetate . 

q) Remove the solution from the hot plate; add 3 drops of meta-cresol 
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purple indicator and neutralize with 6 M NaOH. Add 2 ml of 10% 

chloroplatinic acid very slowly, via a pip~tte. Stir vigorously 

during the addition and allow to stand for 30 minutes. 

r) Centrifuge and discard the supernate. Add 5 ml of H2O and filter the 

precipitate onto a previously washed and weighed Whatman No. 42 

filter disk without applying suction (Note 3). Wash the precipitate 

with two 5 ml portions of anhydrous "anhydrol" applying suction 

each time. Oven dry at uo0 c for 15 minutes and cool in a desiccator. 

Weigh as the cesium chloroplatinate for chemical yield and mount on 

a brass planchet for beta counting. 

Note 1. The cesium precipitate should be completely white in color after the 

two washes. 

Note 2. An insoluble precipitate, cesium tetraphenyl boron, will fonn at the 

bottom of the amyl acetate layer, obscuring the interface. The 

aqueous phase may be readily separated by draining until the white 

precipitate just begins to appear in the bore of the stopcock. 

Note 3. The Cs2 Pt c16 precipitate is a very fine powder and filtering with­

out suction deposits the precipitates evenly on the surface of the 

filter disk with no tendency for seepage around the edge of the 

filtering column. 

Cesium-137 Counting Procedure 

The samples are counted in the low level beta counters. Radio­

chemical purity is ascertained by counting the sample without an absorber and 

with an aluminum absorber of 9.77 mg/cm2 thickness. If the absorber ratio 

ag· :?es with the theoretical absorber ratio (the latter previously detennined by 
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counting absolute standards) the sample is accepted as radiochemically pure. 

Self-scattering self-absorption corrections are applied to convert to dis­

integrations per minute . 
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Quality Control 

The quality of the radiochemical analyses of Kansas soils perfonned 

during Project Star Dust may be judged on the basi3 of results from a series 

of blank samples analyzed with the soil samples and of results from analyses 

of duplicate aliquots of several samples. 

Blank samples consisted of 25 gram portions of pre-1945 soil and 

were analyzed with the Kansas soil samples using the same reagents and pro­

cedures. These samples should contain no fission products, so any activity 

found in them must be attributed to contamination picked up during the analyses. 

In so far as possible the section of the laboratory in wnich the soil analyses 

were being perfonned was isolated from the remainder of the laboratory in which 

atmospheric filter samples, containing high activities of fission products, 

were being analyzed. New glassware and fresh reagents were set aside for use 

in the soil analyses. Nevertheless the blank samples analyzed with the Kansas 

soil samples displayed significant activities of each of the nuclides analyzed. 

The results for the blank samples analyzed with the Kansas soil samples 

are sUlllll8rized in Table 21. Typical values for blank samples analyzed with the 

New Jersey soil samples during Project HASP were: less than 1 dpm of strontium-

90~ ruthenillll-106 and cesium-137 and about 2 dpm of cerium-144. The greater 

contamination experienced during the analysis of the Kansas samples must be 

attributed to the much higher levels of activity present in other types of 

samples in the laboratory in 1962 and 1963 compared to 1960 and 1961 when the 

New Jersey soil samples were analyzed. 

The frequencies of occurence of nuclide activities within a series of 

c~ncentration ranges in both the soil samples and the blank samples are shown 

in Figures 72 to 75. For ruthenium-106, cesium-137 and cerium-144 the 
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activities found in the blank samples fall in the same concentration range as 

do the activities of more than half of the soil samples. For strontium-90 

the activities of about 55 percent of the soil samples fall above the con­

centration range which contains the blank samples. If the data for the blank 

samples are truly indicative of the levels of contamination to which all samples 

were subject, we can use very few, if any, of the ruthenium-106 or cerium-144 

data with confidence. The activities of cesium-137 in about 25 percent of the 

soil samples and of strontium-90 in about 40 percent of the soil samples were 

about 10 times as high as the highest activities found in the blank samples. 

Pei~aps, then, the possible contamination of these higher activity samples can 

be assumed to be negligible, in the absence of evidence to the contrary. Un­

fortunately even the strontium-90 and cesium-137 activities of most of the 

samples Jie within the concentration range in which contamination may con­

stitute much or most of the activity. In general, the samples which contain 

high activities of strontium-90 and cesium-137 were taken from the upper few 

inches cf the cores, and the samples which contain the lower activities were 

taken from the lower sections of the cores. 

The results of measurements of duplicate samples are presented in 

Table 22. Where poor duplication of activities was obtained, contamination of 

one or both of the samples cdn be blamed. Those samples which contained 

activities well above those found in blank samples showed reasonably good 

agreement between duplicate analyses • 
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Table 21, Results for Blank Samples Analyzed with Kansas Soil Samples 

Nuclide Activities (d2mLsa!!2le corr. to 1 Jul 1960) 

SeuJ.e Sr90 Rul06 Csl37 Cel44 

1 12.0 ±. 9.1% 

2 6. 25 ±. 12. 0% 66.0 ±. 4.28% 16. 8 ±. 5. 3% 113 ±. 6. 9% 

3 16.02 ±. 17.4% 4.30 ±. 18,1% < 149 

4 3.59 ±. 65. 2% 30.17 ±. 18.6% 6.78 ±. 9,6% 87.4 ±. 37.9% 

5 81.10 ±. 9.0% 18.3 ±. 7.0% 351 ±. 9. 1% 

6 4.06 ±. 20,2% 103.4 ±. 7.0% 13.5 ±. 8.3% 

7 4,29 ±. 29,0% 52.1 .±. 10.2% 8.98 ±. 11.8% 267 ±. 16.3% 

8 < 1.75 79.8 ±. 9.6% 6.77 ±. 14.8% 273 ±. 9,5% 

9 48.5 ±. 9-7% 

10 4,11 ±. 15,4% 10.6 ±. 27.9% 5.91 ±. 13.2% 321 ±. 7.4% 

11 38 . 7 ±. 18 . 7% 5.74 + 24.6% ·211 ±. 8,0% 

12 174 . ±. 11.2% 6.71 + 29.1% 302 ±. 11,6% 

13 144 . ±. 5.8% 298 ±. 17.4% 

hean 4,0 + 1.4 70 + 50 9.6 + 4.8 240 + 90 - -
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NUMBER OF SAMPLES

FIGURE 72 • FREQUENCY OF OCCURRENCE OF Sr-90 ACTIVITIES 
IN BLANK SAMPLES (cross hotched) AND IN SOIL SAMPLES

NUMBER OF SAMPLES

FIGURE 73 • FREQUENCY OF OCCURRENCE OF Ru-106 ACTIVITIES 
IN BLANK SAMPLES (cross hatched) AND IN SOIL SAMPLES
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NUMBER OF SAMPLES

FIGURE 74 • FREQUENCY OF OCCURRENCE OF Cs-137 ACTIVITIES 
IN BLANK SAMPLES (cross hatched) AND IN SOIL SAMPLES

NUMBER OF SAMPLES

FIGURE 75 • FREQUENCY OF OCCURRENCE OF Ce*l44 ACTIVITIES 
IN BLANK SAMPLES (cross hatched) AND IN SOIL SAMPLES
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Table 22. Results of Duplicate Analyses of Soil Samples

Sample Individual Results
Number fdpm/lOOg. of soil with % counting error)

A. Analyses for strontium-90

Mean

fwith % standard deviation)

27-2 122 + 1.6% 121 + 1.5% 122. + 0.82%

28-7 10.3 + 5.5% 5.56 + 11.8% 7.93 + 42.2%

29-6 9.16 + 11.9% 6.02 + 9.1% 7.59 + 29.2%

37-8 8.53 + 8.5% 5.61 + 7.3% 7.07 + 29.1%

32-8 5.31+22.0% 7.35 + 14.2% 6.33 + 17.2%

34-8 4.85 + 13.6% 5.12 + 10.5% 4.99 + 3.83%

27-7 5.17 + 15.7% 3.73 + 17.3% 4.45 + 22.9%

27-8 6.02 + 18.2% 2.66 + 20.5% 4.34 + 54.6%

Mean Standard Deviation = 25.0%

B- Analyses for ruthenium-106

34-1 842 + 2.6% 890 + 2.8% 866 + 7.18%

27-2 337 + 2.6% 178 + 8.3% 258 + 43.4%

28-7 77.3 + 18.5% 77.8 + 6.3% 77.6 + 0.47%

27-8 48.1 + 12.4% 32.8 + 10.0% 40.5 + 25.4%

28-10 23.0 + 26.5% 44.5 + 23.7% 33.8 + 45.0%

29-8 32.4 + 17.1% 27.7 + 12.9% 30.1 + 11.1%

28-9 28.8 + 15.4% 27.5 + 13.8% 28.2 + 3.27%

Mean Standard Deviation = 19.4%

C. Analyses for cesium-137

34-1 766 + 1.0% 828 + 0.8% 797. + 5.49%

27-2 226 + 1.6% 228 + 1.4% 227. + 0.62%

36-6 18.7 + 7.3% 19.6 + 5.6% 19.2 + 3.24%

27-7 12.1 + 11.0% 23.1 + 10.8% 17.6 + 44.2%

29-7 11.6 + 8.7% 10.7 + 14.0% 11.2 + 5.72%

Mean Standard Deviation = 11.9%
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(Cont'd) 

Individual Results Hean 

Tahle 22. 

Sample 
N\DDber (dpm/lOOg. of soil with% counting error) (with% standard deviation) 

D. Analyses for ceriwn-144 

34-1 3090 !. 4.0% 3310 .±. 3.8% 3200. ±. 4.88% 
27-2 1350 !. 3.5% 1510 :!:. 3.7% 1430 . ±. 7 .90% 
36-8 830 !. 3.1% 637 .±. 15.0% 734. .±. 18.5% 

32-8 558.±,7.6% 478 !. 8.2% 518. .±. 10.9% 
27-7 505 !. 5.1% 482 !. 5.6% 494, .±. 3. 30% 

36-6 683 .±. 3. 8% 221 .±. 10. 7% 452 . ±. 72.3% 

30-4 216 .±. 7 .9% 566 + 4.4% 391 !. 63.4% 

34-8 433 !. 8.0% 238 !. 12.8% 336. .±. 41.1% 
29-6 422 ± U.2% 211 ±. 9.1% 317 . .±. 47. 0% 

29-8 340 .±. 6. 6% 226 .±. 6.5% 283. ±. 28.5% 
·27-8 169 .±. 10.6% 238 !. 6.6% 204 . ±. 24.3% 

29-7 179 .±. 19.5% 177 + 8.8% 178. .±. o. 79% 

Mean Standard Deviation= 26.9% 
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Results of Radiochemical Analyses 

The results of the radiochemical analyses of samples taken from 9 

soil cores collected in Eastern Kansas during 1960 are given in Table 23. All 

nuclide activities have been corrected for radioactive decay to l July 1~60. 

The calculated percent counting error for the analysis is given with each newly 

reported activity. Some of the data for samples 28 and 29 are taken from 

DASA-1300, Volume 5, Part III, Chapter 3, Table 3.~. Counting errors are not 

included with these data. 

Some samples were analyzed in duplicate. The results for both 

aliquots are given in Table 23. For all samples, of course, ruthenillll-106 

measurements were perfonned on different aliquots from those used for the 

measurements of the other nuclides. When certain nuclide fractions were lost 

and had to be reanalyzed, the reanalyses were often done in duplicate. As a 

result only one or two nuclides for some samples have duplicate analyses re­

ported. 

Aliquots from the upper two inches of some of the Kansas soil cores 

were analyzed for cesium-137 by means of gamma spectrometry. The technique 

used was described in DASA-1300, Volume 5, Part III, Chapter 3. The contribut­

ions of the thorium and uranium series and of potassium-40 were stripped from 

I~ the total gamma spectra of the sarrples and the 0.66 Hev. peak of cesium-137 in 

the residual spectra was used for the measurement. 

Results from the gamma spectrometric measurements are compared with 

the results from radiochemical measurements of the same samples in Table 24. 

The agreement between these results is excellent for two samples, fair for 

several others and poor for about half the samples. The chief source of error 

in the spectrometric analyses is the uncertainty involved in the subtractions 
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from the spectra of the contributions of the natural activities in the soil, 

Small errors in these subtractions produce large errors in the residual spectra. 

The potential error from this source far exceeds the errors to be expected in 

the radiochemical analyses. Thus, in the following discussion, we will use 

the radiochemical data rather than the gilllllla spectrometric measurements of 

ce1i111t-137, 
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Table 24. 

Sample 
Number 

27-1 

27-2 

30-1 

30-2 

32-1 

32-2 

32-3 

34-1 

34-2 

34-3 

36-1 

36-3 

37-1 

37-2 

37-3 

38-1 

38-2 

38-3 

Cesium-137 Concentrations in Kansas Soil Samples Detennined Radio­
chemically and by Gamma Spectrometry 

Cs137 Concentration (dpm/l00g. corr. to 1 Jul 1960) 
Radiochemical y Spectrometry Hean 

766 + o. 

A. 228 ±. 1.4% 

B. 227 + 1.6% 

67.8 + 2.0% 

35.6 + 11.6% 

515 + 1.5% 

238 + 1.4% 

227 ±. 1. 7% 

A. 766 + 1.0% 

a. 828 + o.8% 

87.5 + 3.1% 

44.3 + 2.8% 

594 + 1.1% 

60. 7 + 3. 3% 

1480 ±. 1.1% 

271 + 1.3% 

170 + 1. 7% 

499 + 1. 7% 

128 ±. 2.5% 

72.2 ±. 2.3% 

A. 913 + 3.2% 

s. 996 + 3.7% 

289 + 2.2% 

28.4 _t 4.3% 

28. 8 ♦• 3. 8% 

931 + 2.8% 

234 + 2.6% 

55.2 + 2. 6% 

947 + 2.2% 

209 + 2. 6J~ 

28 . 2 .±_ 4.3% 

595 + 2.4% 

43 . 6 -+ 3. 6% 

1770 -+ 1.8% 

490 + 1. 2% 

60.3 + 2.5% 

370 ±. 1.5% 

210 ± 3.1% 

60.l + 2.4% 

292 

861 ±. 32% 

259 ±. 17% 

48 ±. 58% 

33 + 17% 

723 + 41% 

236 ± 1.2% 

141 ± 87% 

872 ±. 12% 

149 ± 57% 

36 ±. 31% 

595 ± 0.2% 

52 + 23% 

1630 ±. 13% 

381 + 41% 

115 ± 68% 

435 ±. 21% 

169 ± 34% 

66.2 ±. 13% 
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Discussion of Analytical Results 

The soils discussed in this report were developed in a subhumid 

climate with a mean annual precipitation of approximately 27 inches. The 

bedrock from which the soils were derived varied from green clay shale to 

limestone. Due to the weathering processes in this climate, however, most 

of the soils show an acidic reaction when tested by a Hellige- Truog soil 

reaction tester. The nieasurerl pH values ranged from 5.0 to 7 .8, but values 

about 7 were found only in a few sub soils de rivt!d fr om limest011e. 

Unfor t unatel y we ha ve no Ja ta on tli e mi11er-1 l content, organic content 

or ion-exchange capacity of any o • the soils or soil horizons sampled and 

analyzed in this program. Moreover our informa t ion on drainage at the 

sampling sites and on permeability of the soil s is only qualitative. Each 

of these properties i s capab I e of e ert ir, g an important influence on the 

distribution of fallout fission produc t s in t hP. soil. We hope to measure the 

ion-exchange capacities and 01·ganic materi a l eontents of at least some of 

these samples , anrl to rH scuss the r e sult s in a future report. Here, however, 

our discussion wHl have to he 1 imi t ed for the most part to a few hypotheses 

regarding the possib l e causes of the oh served distributions of activity. 

The cumulative deposit of strontium-90 and cesium-137 (in millicuries 

per square mill?) in the 9 Kansas soi Is meusun-_. d durin r, this program are 

plotted as a funl't ion of depth in Figures 7h to~~-. Similar pl ots fo.r two 

New Jersey soils, the Marl ton sandy loom and Lakewood sand, measured during 

Project HASP, are shown in Figures Hf! and Ht,. Data for the Kansa s soils may 

be compared with data for 1.hPse New ,lerse soi Is . The two New Jersey soils 

differ significantly from each othe r in the vertical distribution of their 

contained fission product activity . 

2()3 
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In general, the curves in Figures 76 to 86 are convex upward as a 

result of preferential deposition of both fallout nuclides in the highest 

soil layers . The curves for the cultivated Bethany silt loam (Figure 79), 

however, show an almost linear increase in the cumulative deposit with depth 

for the first six inches . Doubtless this is mainly attributable to the re­

peated mixing of the soil during annual or semi-annual cultivation, but a 

similar distribution might also result from rapid percoloat.ion th.rough the 

disturbed soil by rainwater . The strontium-90 curve for the Lakewood sand 

(Figure 86) a very permeable soil, also shows a linear increase in cumulative 

deposit with depth for the fi.rst 4 inC'hes . The Pratt loamy sand (Figure 78), 

which probably has the highest permeability of any of the Kansas soils studied, 
I 

does not clearly show this linear relationship. 

The total deposits of strontium-90 and cesium-137 i n the upper 12 

inches of the 9 Kansas soils are summarized in Table 25. The total deposits 

vary in size over a fairJy wide rd ng>:>. rur ~xamp le, the Pratt loamy sand 

contains almost twice as mu ch ~trontiurn-90 and rnnrP than twice as much 

cesium-137 as the average for the other eight samples. On the other hand 

the Labette clay loam contains only about 60 percent of the average deposit 

of the other samples. 

The soil descriptions given in Table 20 provide clues to some of 

the causes of the vadat ions in total de_pos it ion at the different soil sites. 

Thus the Pratt loamy sand is described a::; having low runoff and as being well 

drained internally. These characteristics, which would promote the movement 

through the soil of runoff from precipitation, are quite consistent with the 

relatively high concpntration nf fallout nuclides found in this soil. The 

Bates silt loam, which also contairis higher than average concentrations, has 
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moderate penneability,while most of the other samples have low or moderately 

low penneability. On the other hand there is no clear reason why the total 

deposit in the Labette clay loam should be lower than that in the Betlumy 1ilt 

loam, the INin silt clay loam or the SU11111it clay loam. Perhaps if data on 

the ion-exchange capacities of these soils become available the variations 

in deposition can be e~plained. 

When considering the data for the Kansas soil samples we cannot, of 

course, neglect to consider the possible effects of sample contamination. 

Some of the differences in nuclide distributions found may be the J.'esult. 

of analytical error, Table 26 has been prepared to illustrate· th~ possible 

contribution by contamination to the calculated deposits. We ha.ve asamed 

that, with a few exceptions, each sample was subjected during it~ analy1is 

to contamination by 4.0 dpm of strontium-90 and 9.6 dpn of cesium-137, the 

mean values for the blank samples analyzed with the soils. The exception, 

made involved the upper cuts of sample 28 (0 to 4 inches) and sample 29 

• • {Oto 3 inches), which were analyzed during Project HASP, and those &a11ple1 

.. 

... 

•• 

• 

•• 

in which activities less than 4,0 dpn of strontium-90 and 9.6 dpn of ceaium-

137 were actually found, We have arbitraril> assumed 1.0 dpn of cont•ination 

of both nuclides in samples measured during Project HASP, and have attributed 

all activity to contamination for samples which contained lower activitie1 

than the average of the blanks. The "net deposits" listed in Table 26 should 

generally be more accurate than are the calculated deposits uncorrected for 

contanination, but since it is unlikely that contanination of the s•plea is 

unifonn we cannot be certain whether the corrections actually improve all 

or only some of the results . 
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The cumulative deposits of strontium-90 and cesium-137 in the soils 

collected in New Jersey during 1960 and analyzed during Project HASP have 

been calculated and are presented in Table 27. These data may be compared 

with those in Tables 25 and 26. Hardy et al. 46 have reported data on the 

strontium-90 deposit in soil samples collected at Manhattan, Kansas on 2 

November 1960 and at New Brunswick, New Jersey on 12 September 1960 which 

we may also compare with the data in Tables 25 to 27. For Manhattan, Kansas 

they report 7'2. 2 me/ mi 2, which is similar to the "corrected" deposits given 

in Table 26 for several of the Kansas soils measured by us. For New Brunswick, 

New Jersey they report 58.8 mc/ mi2, which is less than the deposits of all 

but one of the New Jersey soils measured during Project HASP and sunmarized 

in Table 27. Of course, the variations from one sampling site to another in 

both the New Jersey data and the Kansas data indicate that we cannot attach 

much significance to the agreement or lack of agreement between the results 

for the sampling sites at Manhattan and New Brunswick and the results obtained 

for the different sites sampled during Projects HASP and Star Dust. 

It is interesting also to compare the relative distributions of 

strontium-90 and cesium-137 within each of the 9 Kansas soils which we have 

analyzed, We have used the total deposit of each of these nuclides within 

the upper twelve inches of each core sample as a reference datum. We have 

then calculated the fraction of the total deposit which lies above 0.5 inch, 

1 inch, 2 i11ches, etc. in each core. The results are plotted in Figures 

87 to 91. Similar plots of data for the Marlton sandy loam and the Lakewood 

sand are given in Figure 92. 
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Some of the soil samples, such as the Irwin silty clay loam and 

the Batessilt loam, show a close association of the strontium-90 and 

cesium-137 at all levels, but others, such as the Pratt loamy sand and 

Bethany silt loam show a separation of the nuclides. The differences in 

behavior between soils are doubtless caused mainly by differences in ion­

exchange capacity, about which we as yet have no information. One can, 

however, see a similarity in nuclide distributions between the relatively 

permeable Pratt loamy sand and the very permeable Lakewood sand. Both 

show concentration of the cesium-137 in the upper inch of soil but fairly 

uniform distribution of the strontium-90 within the upper 4 i nches of soil. 

Once can also explain the greater similarity in behavior between strontium-

90 and cesium-137 in the cultivated than in the undisturbed Bethany silt 

loam, of course, for the cultivation of the soil would produce good mixing 

down almost to 8 inches depth. 

If more data on the chemical, mineralogical and physical prop­

erties of the 9 Kansas soils described here can be obtained, we will en­

deavor to correlate these properties with the observed radionuclide dis­

tributions in a future report . 
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Table 25 CllllUlative Depoaita if Strontiua-90 and Cesium-137 in Kansas 
Soila on 1 July 1960 .· (In Upper 12 lnchea of Soil) 

2 
De~sit (~c/mi) 

S•ple Sr90 C 187 c,137/Sr90 
Number Soil Type 8 

27 Shellabarger Sandy Loam 91 140 1.54 

28 Pratt Loamy Sand 186 373 2.00 

29 Bethany Silt Loam 90 161 1.79 

30 Bethany Silt Loam (cultivated) 96 174 1.81 

32 Irwin Silty Clay Loam 104 179 1.72 

34 SU11111it Clay Loam 94 139 1.48 

36 Cherokee Silt Loam 90 120 1.33 

37 Bates Silt Loam 132 195 1.48 

38 Labette Clay Loam ~ 69 lll 1.61 

Hean 106:t,34 111z.79 1.67 

• Corrected for the interval between 1 July 1960 and collection date by 
meana of precipitation data. 
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• 
Table 26 Correction of the Calculated Deposits for Potential S1111ple Cont1111ination 

~11:2D1iWB-20 (mcLmi
2

) 
2 

,11i1111-i~z ,IIISiLli l 
.. Sample Calculated Potential "Corrected" Calculated Potential "Corrected" 

Number Deposit Error Deposit Deposit Error Deposit 
~ . 

27 91 23 68 140 46 94 

28 186 16 170 373 33 340 

29 90 14 76 161 26 135 

30 96 19 77 174 46 128 

32 104 17 87 179 41 138 

34 94 18 76 139 35 104 

36 90 18 72 120 37 83 

37 132 20 112 195 40 155 

...l!... 69 ..ll.. 50 111 ~ 65 

Mean 106 18 88+35 177 39 138+81 

Csl37 /Sr90 for mean "corrected" depoai t = 1. 57 

* 
90 137 

Assuming mean contamination of 4,0 dpm Sr and 9,6 dpm Cs in each 
sample 

.. 

. . 
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Table 27 Cumulative Deposits of Strontium-90 and Cesium-137 in New Jersey 
Soils on 1 July 1960* (In Upper 12 Inches of Soil) 

DeQOSit (mcLmi
2

) 
Sample 

Sr90 Csl37 Csl37LSr90 Number Soil Type 

4 Collington Sandy Loam 75 160 2.13 

5 Collington Sandy Loam (Cultivated) 88 132 1.50 

7 Rutledge Fine Sandy Loam 82 193 2.35 

8 Marlton Sandy Loam 72 141 1.96 

10 Lakewood Sand 66 91 1.38 

11 Leon Sand 84 221 2.63 

13 Keyport Sandy Loam 48 

17 Woodstown Sandy Loam 66 127 1.92 

18 Bucks Silt Loam 76 225 2.96 

19 Croton Silt Loam 96 153 1.59 

20 Washington Loam 82 104 1.27 

Mean Sr90 Deposit 76!,13 

Mean (omitting sample 13) 79+10 155+46 1.96 

* Corrected for the interval between 1 July 1960 and collection date by 
means of precipitation data. 
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CHAPTER 10. SmttARY 

The primary purpose of this report is to review the work which baa 

been done on Project Star Dust during the past contract year. Techniques of 

sample collection ar-et analysis and of data reduction in Project Star Dust 

which differ from those used in Project HASP are described. Results of measure­

ments of stratospheric particulates, of filter samples of stratospheric radio­

activity, of carbon-14 concentrations in ground level air and of fission 

products in kansas soils are discussed. Progress in the developaent of the 

Star Dust model of atmospheric circulation and exchange is reviewed. 

The Star Dust Sampling Program 

The Star Dust sapling program has been designed to provide repeated 

aamplin1 of the stratosphere at a series of altitudes within a quasi1eridional 

corridor. WU-2 aircraft sample altitudes of 50, 55, 60, 65 and approxillately 

70 thousand feet between 70°N and so0 s latitude. RB-57 aircraft sample the 

lower stratosphere and collect some tropospheric samples. RB-52 aircraft 

fly monthly missions to the North Pole in the lower stratosphere. Intensive 

sampling in the vicinity of extrusions of stratospheric air into the tropo­

sphere was performed during the spring of 1963 as part of "Project Springfield". 

The Stratospheric Aerosol 

Samples of the stratospheric aerosol have been collected by direct 

flow impactors utilizing the improved "Hark III" sampling probe. The smaplea, 

collected on a thin carbon film, are studied by electron microscopy. 

Although the probe samplers are air-tight, many samples show the 

effect of moisture on the hygroscopic anmoni\lD sulfate particles of the 

aerosol, suggesting that these particles may ex1st to some extent in the 

stratosphere as moist solids or even as droplets. 
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'ftle obaerved changes in particle concentration between 40 and 60 

thousand feet are consistent with the vertical concentration profile reported 

by Jqe et al7• Observed variations of nearly an order of magnitude in 

n111ber concentrations for samples collected at various times at 60 thousand 

feet were found. These variations are consistent with the existence of the 

stratospheric aerosol in thin cloud-like laminae. 

'ffle observed form of the size distribution function of the aerosol 

in the range of radii between 0.1 and 1.0 micron is different than that 

found by Junge et al from the examination of particles collected by 

balloon-borne impactors. The averaga size distribution function for 14 

aaaplea closely approximates a log-nonnal distribution with a geometric 

•an radius of 0.275 micron and a geometric standard deviation of 1.37. 

The main region of disagreement with Junge et al is for radii~ 0.2 micron. 

The differences probably result from our exclusion from the particle counts 

of satellite particles which constitute the ''halos" around "large" flat 

particles in saaples affected by moisture. 

Aitken nuclei, which have radii less than 0.1 micron, are not 

collected by the probe sampler used during Project Star Dust. It is 

poaaible that the actual distribution of particle sizes in the stratosphere 

•Y be biaodal, with peaks at radii of 0.3 micron (consisting of sulfate 

particles of stratospheric origin) and in the vicinity of 0.04 micron 

(conaiating of Aitken nuclei). 

'ffle stratospheric origin of the sulfate particles is indicated 

by their chemical composition and by the location at 65 thousand feet of 

the maximm in their vertical concentration profile. The sulfate (and 

peraulfate) of the particles presumably is produced by the photochemical 

oxidation of sulfur dioxide. 
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Calculations of the coagulation half-times of very small particles 

(with radii of 0.01 micron or less) suggest that nuclear debris should become 

attached primarily to Aitken nuclei. Smaller amounts should become attached 

to sulfate particles with radii greater than 0.3 micron, but virtually none 

should become attached to particles within the range 0.1 to 0.3 micron radius. 

Radiochemical Analyses of Filter Samples 

A number of the radiochemical and radiometric procedures used during 

Project Star Dust have been developed since the issuance of DASA-1300, in 

which the procedures used during Project HASP were described. Many of the 

new procedures were developed to analyze nuclides which were not measured 

during Project HASP, but others have replaced procedures which were used 

previously. Four sequential radiochemical separation procedures are in use. 

The first is designed to separate the fission products stronti\lD-89, 90, 

yttrium-91, zirconium-95, molybdenum-99, barium-140 and cerim-141, 144. 

The second is used for samples to be analyzed for certain ,"tracer' nuclide& 

and fission products: beryllium-7, strontium-89, 90, rhodim-102, cerim-141, 

144, tungsten-181, 185, lead-210 and polonium-210. The third is designed 

•• 1 to separate strontium-89, 90 and the neutron activation products unganese-S4, 

• iron-55, 59, cobalt-57, 58, 60, cadmium-109, ll3m, ll5m, antimony-124, 125 

... 
• 

• 

• 

"I 

• 

• 

• • 

• • 

and thallim-204. The fourth is used for samples to be analyzed for the 

long-lived, potentially hazardous nuclides, strontillll-90, cesi\D-137 and 

plutonium-239. New purification procedures have been developed for the 

analyses of beryllilan-7, manganese-54, iron-55, 59, cobalt-57, 58, 60, 

molybdenm-99, cadmiln-109, ll3m, ll5m, antimony-124, 125, iodine-131, 

cerium-141, 144, thalli\D-204 and lead-210 • 
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'Mte versatility f th r · di m tri c assay group working on Project 

Star Dust has been increased by t h additi n of improved equipment for 

measuring beta, ganrna and x-ray emitters . everal low-level, thin window, 

geiger mode, gas fl.ow detectors with background of approximately 0.5 counts 

per minute are now in use for ~ta counting. Tctal beta activities and a 

n\DDber of strontilDll samples are measured o~ two automatic sample changers 

which use proportional mode, gas flow dete t or s . Ganrna measurements are 

performed on three multi-channe:l pul e'-, ight anal yzer s , using a 3 inch 

by 3 inch cylindrical Na! (Tl) cryst al , ;-, 2. 5 inch by 1. 75 inch well-type 

Nal (Tl) crystal or a 0.020 inch by 1. 2 i n h "t!-1i n" Nal (Tl) crystal 

(which is employed to detect h~ak garrm a r x-radiation). An internal 

gas fl.ow proportional count er i s used to measure the 6.4 kev x-rays of 

iron-55. 

Stratospheric Nuclear Debris 

By mid-1961 only low co~cent r ~ti ors of nuclear debris remained 

in the stratosphere of both t he Nort!-ie~ '1:1d S ut..ern Hemispheres, but the 

1961 Soviet test series resulted in high concentrations of nuclear debris 

in the stratosphere of the Northen Hemisphere during the last third of 

1961 and the first third of 1962 . Debris injected into the equatorial 

stratosphere by United States tests during the second-third of 1962 spread 

toward both poles. Very high concentrat ion~ of debris were found in the 

stratosphere of the Northern Hemisphere during the last third of 1962 and 

the first two-thirds of 1963 as a result of the 1962 Soviet test series. 

Measurements of bariwn-140 have been used to trace the movement 

of fresh debris during 1961-1963. The presence of an organized circulation 

in the vicinity of the tropopause gap i s suggested by the observation that 
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at 30°N fresh debris moving poleward from an equatorial injection is most 

likely to be encountered at about SO thousand feet, but fresh debris 

moving equatorward from a polar injection is most likely to be encountered 

at 60 thousand feet or higher. 

There are limitations on the usefulness of fission product 

. . . 99 95 99 140 131 140 
act1v1ty ratios, such as Mo /Zr , Mo /p,a, and I /p,a, , for de-

tennining the age of fresh debris. Nevertheless, it has been possible 

through their use to identify debris i n Star Oust filter samples which 

originat ed in specific t ests during the 1961 and 1962 Soviet test series 

and during the 1962 United States t est series. 

While the 1961 Soviet t est series and the 1962 United States 

test series resulted in large increases in the stratospheric concentrations 

of strontiwn-90, concentrations of unprecedented size were found within 

the northern polar stratosphere following the 1962 Soviet tests. Con­

centrations exceeding 1800 disintegrations of strontium-·90 per minute per 

1000 cubic feet of air (STP) were still corr.mun at 65 thousand feet in the 

northern polar stratosphere after mid-1963. 

Observations of strontiwn-90 from the 1961 Soviet test series 

seemed to confinn that debris injected into the stratosphere by Soviet 

weapons of megaton yield stabilizes, for the most part, at altitudes below 

60 thousand feet, and that as it moves equatorward it increases in altitude. 

These observations also suggest that while debris injected at high latitudes 

may be spread laterally quite rapidly within the polar stratosphere, its 

transport through the tropical stratosphere is rather slow. 
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It would appear that during the l ast two months of 1962 and the 

first four months of 1963 the stratospheric strontium-QO concentrations, 

outside of the equatorial region, were at l east ten times nS high in the 

Northern Hemisphere as in the Southern Hemisphere. We would assume that 

the excess strontitDn-90 concentrations in the Northern Hemisphere, compared · 

to the Southern, rei resent debris produced by the 1961 and 1962 Soviet tests. 

The distributions of strontitDn-90 in the Star Dust sampling corridor 

during several intervals cetween June 1961 and April 1963 have been used to 

calculate stratospheric bu.dens of stror.tiwn-90. The calculated burden in 

the Northern Hemisphere was 0.37 megacurie during June to September 1961 

(with almost half attributable to the 1958 rocket shots), 1.6 megacuries 

during January to April 1962 (with 1.2 megacuries attributable to the 1961 

Soviet test series), 2.5 megacuries during May to August 1962 (with 1.0 

megacurie attributable to the 1962 United States test series), 2.2 megacuries 

during September to October 1962, 5. 6 megacuries during November to December 

1962, and 6.7 megacuries during January to April 1963. The calculated 

burden in the Southern Hemisphere was 0.47 megacurie during October to 

December 1961 (with 0.19 megacurie attributed to the 1958 rocket shots), 

0.4 megacurie during January to April 1962, 1.0 megacurie during September 

to October 1962, 0.8 megacurie during November to December 1962, and 0.7 

megacurie during January to April 1963. The total stratospheric burden 

rose from about 0.9 megacurie in June to September 1961, to 2.0 megacurie 

in January to April 1962, to 7.4 megacuries in January to April 1963. 

'11le most significant observation resulting from measurements of 

rhodim-102 in HASP and Star Dust samples has been that this debris from 
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a high altitude in·jection at low l atitudes first entered the lower strato­

sphere at high latitudes in both h mi~pheres , apparently during the winter 

seas,n. and ~uhse1uently moved quatorward in the lower stratosphere, 

A number of products of neutron activation, including manganese-54, 

iron-55, cobalt-57, antimony-124 and thallium-204, measured in Star Dust 

samples collected before September 1962, had a conunon origin in vne or more 

events during the 1961 Soviet test seri s. Some events during the 1962 

Soviet test series injected additional activation products (especially 

manganese-54 and iron-55) into th loM r northern polar stratosphere. 

Additional antimony-124 was produced during the December 1962 Soviet tests, 

apparently on 23 or 24 December, By early 1963 th re were significant 

differences between the stratospheric distributions in the Northern Hemi­

sphere of antimony-124, which was found in high concentration only at 

altitudes of 55 thousand feet and higher, and manganese-54 and iron-55, 

which were fairly unifonnly distribut d with altitude between 40 thousand 

and 65 thousand feet. The stratospheric burden of manganese-54, corrected 

for decay to 15 October 1961, increased from 36 megacuries during Hay to 

August 1962 to 63 megacuries during January to April 1963. 

Stratospheric Natural Activity 

The stratospheric distributions of the cosmic ray prodttct 

beryllium-7 from October 1959 to June 1960 and June 1960 to September 1961 

were generally similar to the theoretical distribution in a stagnant at­

mosphere. Observed differences from the theoretical could be attributed 

to meridional eddy diffusion and to exchange of air between the stratosphere 

and troposphere. Artificial berylliwn-7, attributable to the 1961 Soviet 

tests, was found in the northern polar stratosphere during January to 
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April 1962. During May t o Aup.1::: . 190 '2 ;1rti ~icial beryllium-7, attributable 

t o the 1962 United St at es t 1.:•st s, wa,~ four:d i n t hr~ tropical stratosphere• 

High concentrat i ons of artif i ci~l beryl lium-7 were present throughout the 

stratosphere of the Norther .1 Ht~r.li sph0 r •1 duri.1g January to March 1963 as 

a result of the l 96~ Sovi et t ,:st s . 

Measurements nf } p ::_ (! -'.? 1 0 :-, "' ,-1 ~- - 1 
• 11i 1.111-210 in sc1mples collected 

in the Southern Hemisphere duri rig 1~ct o::>E.r 1961 t o April 1962 indicate that 

the concentratior. f no.t 11:cal ll!.Jd - :2.L • i :-1 bot h t ht> trop ical and polar strato­

sphere is about o. 3 dpm/1000 8CE, :rnd that • ec1• i - 21(! and polonilD'Tl-210 are in 

radioactive equilibrium in t !11=' str at osphr-:1 re but not in the troposphere. 

Measurements of samples co:!.lee;ted ir, t hE• Nurthern Hemisphere during June 

to September 1961 suggest that t he nighest concentrations of lead-210 and 

poloniwn-210 occur in the 10 t housand feet thick layer which is immediately 

above the tropopause layer, and thc1t co!1cent r ations are lower in the higher 

stratosphere. 

The Star Dust Model 

By incorporating a tropopause, a tropopause gap and a tropo­

spheric sink in the form of a rainout mechanism, the basic nwnerical 

model of atmospheric mixing and transfer has been e:xtended from the simple 

diffusion model, first studied, to a diffusion-rainout model. The tropo-

pause is effected by the assigmnent of a larger (4 to 5 times) vertical 

exchange coefficient to the tropopause than to the stratosphere. For 

most of the experiments, the value of the meridional exchange coefficient 

is the same for both the troposphere and the stratosphere. The orders of 

magnitude of the vertical and meridional exchange coefficients are 104 cm 2/sec 

and 109 cm 2 /sec., respectively. The . tropopause gap is effected by 
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the assignment of relatively larger values to both exchange coefficients 

in a limited area between the tropical and polar tropopauses. The rain­

out mechanism is modeled by the periodic, f 1ctional removal of debris 

at particular levels which represent reali stic cloud levels. The fraction 

of removal is proportional to the mean annual rainfall of the appropriate 

latitude belt. 

An initial series of experiments has been carried out wherein 

the magnitudes of the exchange co ffici nts and the period, levels and 

proportion of removal factor in the rainout mechanism have been varied 

in the attempt to determine the relative effects of the parameters on 

the distribution of the debris. No one set of initial conditions in the 

series of experiments has satisfactorily reproduced all of the features 

of the observed atmospheric distribution and deposit of tungsten-185. 

A study of the results of four particular experiments provides 

9ome useful insight into the development of the model. 

(a) The similarity in the mathematical form of the curves of 

time rate removal of total injection for the four models and that of the 

observed data indicates that the rainout mechanism being used is fairly 

realistic. These curves also indicate a sensitive, one to one, direct 

relationship between the removal mechanism and the magnitude of the 
' 

vertical exchange coefficients in the experiment. 

{b) A comparison of the curves of latitudinal distribution 

of deposit for various latitude belts in the Northern Hemisphere for 

observed data and for one of the models shows a similarity indicating 

that the observed latidudinal distribution of rainout can be reproduced. 

This distribution also is very sensitive to the magnitude of the vertical 

exchange coefficient, 
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(c ) The time-d 0pendent decreas~ of central concentration varies 

from one model to th oth r and all rate ar low r than t h obs rved rate . 

Ther ar indication that th• ob rv d rat can be reproduc d by an in­

creas i n th rat of rainout nnd by a gr •at r latitudinal variation of 

them ridional xch~ng co ffici ~nt. 

(d) A value of 1 .5 x 109 cm 2/s c for t h m ridional exchang 

coeffici nt at the quator can ucc ssfull r Jpr duce th obs rved latj­

tudinal variation in cone ntration ratio~. 

( e ) Reprod uction of the ol,s •rv d pol •ward d er ase in the 

height 0f th l ev 1 of maximum concentration i depend nt upon the di s­

tribution of th valu of th vertical and m rid ional xchange coefficients 

and upon the r moval mechani m. R production can b accompli hed for only 

the early stages of operation of the models. Beyond these early stages, 

the level of maximum concentrr1tion rises. As yet , adjustments in the 

vertical exchange coefficient in the stratosphere have failed to improve 

the results. 

Further development of the model consists of incorporating the 

effects of particle terminal velocity and of the advection of debris by 

an organized meridional circulation. 

Experiments including particle tenninal velocities developed 

negative concentrations at the top of the model. To eliminate these 

negative concentrations, it was necessary to replace the centered finite 

difference scheme of solution by a simple upstream difference scheme. 

Further experiments showed that the rainout is quite sensitive to particle 

terminal velocities and that the use of the level of maxim\111 concentration 

at the source was counteracted by particle tenninal velocity. 
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Experiments including meridional circulation tems encountered 

the same development of negative concentrations in addition to a local 

distribution of the concentration field. Use of an upstream difference 

scheme managed to eliminate the negative concentrations, but was unable 

to conserve the mass of the diffusing material. Hence, the equation of 

continuity was incorporated into the model and was used to develop 

mutually consistent fields of vertical and meridional wind speeds. 

Using a centered finite difference scheme, mass was conserved but 

positi.ve concentrations were not ensured. Experiments with a tropical 

source and using meridional circulations in which the flow is poleward 

in the lower stratosphere; upward at high latitudes; equatorwaid .in the 

higher stratosphere and downward in the low latitudes have reproduced the 

observed poleward decrease in height of the: level of maxi.mm concentration 

and have maintained this height variation even with a strong mid-tropo­

spheric sink. 

The objective of further development of the model is to make 

it capable of reproducing the observed distributions of both polar and 

near-equatorial injections. 

Carbon-14 in Ground Level Air 

Measurements of carbon-14 in carbon dioxide from ground level 

in northern New Jersey have shown that a pronounced increase occurred 

in the carbon-14 concentration beginning in April 1963, doubtless rep­

resenting carbon-14 injected into the stratosphere by the 1961 and 1962 

nuclear weapons teats. A concentration of 191 per cent of the natural 

carbon-14 activity was reached in early August 1963. 
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Fission Products in Kansas Soil 

The vertical distriuuti. or.~ of trontium-90 and cesium-137 have 

been measured in 9 Kansas soi.l e c 1Jl.l -eted Jur.i ng 1960. An attempt to 

measure rhodium-102 and cerium- l44 1 n these soils was unsuccessful. 

The total deposition t,f ~ t ront i um-90 indicated by the results 

for the upper 12 inches of soil v a r i ed from 50 mc/mi
2 

for the Labette 

clay loam to 170 mc/mi
2 

for the f>ra 11 l oamy and (with t he data corrected 
' 

for possible contamination during a ,,al y-=i s ) . The mean value for 9 soils 

was 88 .±. 35 me/mi 2. The total d,=' pv :· 1 t 1 • 1n _ f ces i um-137 varied from 

65 me/mi 2 for the Labettte clay .1, ,u r,, t o 340 me/m i 
2 

for the Pratt loamy 

sand. The mean value for 9 su il ::- 1vJ- I ·~s ± 81 mc/ini
2

. 

Some soils , such ff ' tl1e lr \\ i n ilty clay loam, show a close 

association of the strontium-90 and cesi um-137 at all levels in the 

upper 12 inches of soil. Othe r · , -.uch a the Pratt loamy sand, show 

a separation of the nuclides. (Tht:> ce~iurn-137 concentrated in the 

upper inch of the Pratt loamy ' and , 1,u t the s trontium-90 is fairly 

uniformly distributed within the upper 4 inches.) 
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