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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 111:00W/111:00W €0,000 415 . 60

Normalized Volume: 0.769 x 108cm3

Radius 1 Obs. 4 7x10° ¥ x 10°
() n Frequeggy x 10 (cm 3) (ua/cma)

(em )
.138 2.43 - 0 0
.160 2.07 1.59 42.8 0.73
.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 1.587 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

3

Number Concentration: 5.62 x 10> cm™ Volume Concentration: 7.43 x 1073 u3/cm3
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Isotores, Inc.

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

of 0.04 micron radius.
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Figure Il -

Comparison of Particle Size-
Concentration Spectra of

Stratospheric Sulphate Por-
ticles
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Isotopes, Inc.

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, iamel;:

(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 findings of Junge et a17, Junge
and Mansonlo, Friend et al1 and the present work constitute strong evidence
that the sulfate particles, which comprise an overwhelming proponderance
of the mass of solid material in the stratosphere, have their origin in
the stratosphere.

This conclusion is mainly hased upon composition data and upon
the peak in the vertical profile of particle concentrations which is
observed at about 20 km. altitude. Cadle11 and Jung912 have suggested
that the sulfate particles result from photochemical oxidation of 802 in
the stratosphere. The 50, is of tropospheric origin. (See Junge 13 for
a discussion of S0, in the tropospherwv.) The first steps in the pro -

2

duction of the aerosol would be

0, +h v = 20 ( v = 1751-1200°A)
0+80,+M = SO, +M
503 + H20 - H2504
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Exactly how NH4+ (or possibly NHa) enters into the reaction to produce (NH4)2
SO4 is not understood. Similar comments pertain to the formation of the
persulfate (NH4)2 8208. This 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 formation 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 802, or they
may be carriers for 802, or both. The Aitken nuclei may then become
the centers of reaction so that the sulfate particles grow on them 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 mechanism,
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 Aeroscl

In order to provide some insight into the posaible 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 Manéon14. Our
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calculations give half-times similar to those of Manson and show, e.g. that
particles of 0.0l 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 0.1 < r < 0.3
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 which constitutes world wide fallout exists.
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radionu.lides of special interest, such as barium-140, antimony-124, manganese-54
and yttrium-838. Thus these spectra are used in deciding whether short-lived fiseion
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 filters are included in samples of more than one
group.

An aitempt has been made during Project Star Dust to reach a compromise
between the desire to obtain detailed information on the stratospheric con-
centrations of many nuclides and the necessity of keeping the cost of the analy-
tical program within reasonable bounds. During Project HASP almost every usable
filter sample was analyzed individually for its content of fission products.
Grouping of filters into composite samples was limited mainly to analyses of
tracer nuclides such as rhodium-102, phosphorus-32 and, in the later stages of
the program, tungsten-185 which could not be measured in individual filters.
During Project Star Dust, however, aliquuts of filters have been combined to
form composite samples for radiochemical analysis, regardless of the levels of
activity involved, whenever the loss of detailed knowledge caused by this com-
bination could be justified. The meridional gradients of nuclide concentrations

have generally not been steep except during or immediately after periods of

08
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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-88 and silver-110 (the last two are
products of neutron activation rather than fission products) were added to the
analytical scheme of a set of "SI samples selected from a range of latitudes
and longitudes. This was done to provide a monitoring of stratospheric con-
centrations of these nuclides until their importance could be evaluated.

The selection of filters to be included in "SZ', "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 ol latitudes and altitudes.
When it became apparent that the 1961 Soviet test series had produced unusually
large amounts of neutron activation products, the analytical scheme of the '"S7"
group of samples was designed to include measurements of strontium-90, man-
ganese-54, iron-55, iron-59, cobalt-57, cobalt-58, ccbalt-60 and thallium-204.
Antimony-124 and antimony-125 were added when the activity of antimony-124
fell below the limits of detection in the total gamma spectra of untreated
filters. Following the injection of cadmium-109 into the upper atmosphere by
the 9 July 1962 rocket shot Starfish, this nuclide was added to the analytical
scheme of some "SZ" samples. Tater cadmium-113m and cadmium-115m were also
added when the presence of these nuclides in stratospheric debris became apparent.

During the first few months of Project 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 and testing of the Star Dust model than did data for
70
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beaker with 3 HC1 until virtually no residual activity remains.
Combine all washings with the solution in the volumetric flask.

(¢) If no polonium-210 or antimony-124, 125 analysis is required, as in
samples in the "SF" and "SQ"™ groups, transfer the solution to a 150 ml
glass beaker utilizing 7M HNO3 as transfer agent. Wash the Teflon
beaker with 7N HNO3 until virtually no residual ac‘ivity remains
(See Note 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 samples 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
than 1 x 104 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 measurement 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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Isotopes, Inc.

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 Na2C03 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 HNO,
and boil over a flame for about 2 minutes to remove all the CO,.

16. Cool the solution to room temperature and add 4-5 drops of alizarin.
Add oM NH4OH until a color change from yellow tec violet occurs.

17. Add 5 ml of "barium buffer solution™ and heat nearly to boiling.
Add 1 ml of 1.5M NaQCrO4 (via pipette) with stirring and digest in a hot water
bath until the BaCrO4 settles.

18. Cool the solution to room temperature, centrifuge and decant the
supernate into a 40 ml centrifuge tube. Reserve the BaCrO4 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 NH4OH with
stirring. (The pH of the solution should be above 8.5.) Heat in a hot water
bath for several minutes and add 10 ml of saturated Na2C03 with stirring.

20. Digest in a hot water bath for 10 to 15 minutes until the SrCO3
precipitate settles, cool to room temperature, centrifuge and discard the
supernate.

21. Dissolve the precipitate in 5 ml of concentrated HNO, and boil over
a flame to remove all CO,. Cool in an ice bath for 5 minutes (Note 2). Add
two to three drops of fuming nitric acid, centrifuge and discard the supernate.

22. Dissolve the precipitate in 15 ml of water. Add 5 mg of Fe+3

carrier and make basic with concentrated NH,OH until Fe(OH)3 precipitates.

Centrifuge and transfer the supernate to a clean 40 ml centrifuge tube.

T8
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. 17
Cerium-141, 144 Purification Procedure

The cerium hydroxide precipitate is dissolved in 9M nitric acid,
oxidized to Ce+4 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 850°C to produce CeO2 which is
mounted and radioassayed.

(a) Dissolve the CP(OH)3 precipitate in 5 ml of 9M HNO, and transfer
to a 125 ml separatory funnel containing 50 ml of freshly equili-
brated methyl isobutyl ketone (Note 1).

(b) Wash the glass storage vial with 6.5 ml of conc. HNO,, 2 ml of
6M NaBrO3 and 4.5 ml of water, add the washings to the Separatory
funnel and shake for 15-30 seconds.

(c) Withdraw the aqueous phase (lLottom phase) and wash the methyl
isobutyl ketone phase twice with 10 m] of 9M HNO., containing a
few drops of 2M Nabr0., (Notes 1 oand 2),

(d) Back-extract the ccrium by shaking the methyl isobutyl ketone
phase with 5 ml of water containing 3 drops of hydrogen peroxide
(Hzoz). (Notes 1 and 3)

(e) Withdraw the aqueous phase into a clean 40 ml centrifuge tube and
neutralize by adding conc. N|l4l)H(;."- = 5 ml) until a precipitate just
appears, and acidily with 1.5 ml of oM HNO, -

(£f) Dilute the solution to a volume of 15 ml with water and heat just

to boiling: add 5 ml of saturated (NH, ). C .0, , stir for several

472724
minutes and add gradually 10 ml more of saturated (NH4)2C204.

(g) Digest the solution in a hot water bath for about 10 minutes, cool

to room hmmunnunxundlWJhn‘tm-ﬁnJ}%04ly

No. 42 filter disk. Wash three times with 5 ml portions of water

9 H,0 on a Whatman

and three times with 5 ml portions of acetone.
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Sequential Radiochemical Separation of Beryllium-7, 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° ¢ from a 0.5 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 rhodium are separated as iodides with
sodium iodide and hydriodic acid, respectively.  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 Pigure 13)

1. Transfer the 0.5 M HCl sample solution to a 70 ml plexiglass cup
(Note 1). Wash the beaker several times with 0.5 M HCL and add the washings
to the cup. Add 0.5 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 ascorbic acid.

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 & 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.

83










Isotopes, Inc.

containing 6 drops of 6M Nal, 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 Rh13 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 HNO, and
evaporate until I, 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 ml 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,CO

273"

the precipitate settles, cool to room temperature, centrifuge and transfer

Digest in the hot water bath until

the supernate to a clean 100 ml beaker.

17. To the precipitate from step 16, add 5 ml of 6N HNO, and boil
the solution over a flame for approximately 2 minutes to expel all 002. 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, and heat over a flame for 2 minutes to expel
€0,-  Cool, add concentrated NH,OH 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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(n) Make the solution strongly ammoniacal with concentrated NH4OH,
centrifuge and discard the supernate. Wash the Be(OH)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 discard the supernate.
Measure the height of the Be(OH)2 precipitate in centimeters
and gamma count the sample.

(p) After completion of the radioassay, dissolve the Be(OH)2 in
5 ml of 6N HCl, dilute to volume in a 100 ml volumetric flask
and determine 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), -
Note 2. The addition of HC1l will cause the precipitation of

Be(OH)2 , the solution is neutral when the Be(OH)2 redissolves.

96
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of 0.1IN 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 unti] 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 ¥ 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.

98
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(h) Cool, centrifuge and transfer the supernate to a clean 40 ml
centrifuge tube. Discard the precipitate.

(1) Add 20-25 drops of concentrated H2804 and heat over an open
flame for 2 minutes. Cool to room temperature, centrifuge and
discard the supernate.

(j) Dissolve the PbSO, with a minimum amount of 6M NH.C.H.O (Note 2). Add

4 4727372
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 H2804 , heat over an open flame, cool,
centrifuge and discard the supernate.

(1) Repeat steps (j) and (k) twice.

(m) Wash the precipitate three times with 10 ml of water containing

3 drops of concentrated H2SO Centrifuge after each wash,

4
discarding the first two wash solutions. Check the last wash solution
(Note 3) and record the time and date (Note 4).

(n) Dissolve the PbSO4 precipitate in a minimum amount of 6M NH402H302
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 H2804 and heat over a flame for two minutes. Cool, wash
down the sides of the centrifuge tube with water. Centrifuge
and transfer the supernate to a clean 40 ml glass centrifuge tube.
Record this time and date as the time of milking of Bi210 from

210

Pb™"". Wash the PbSO4 precipitate with § ml of water containing

1 drop of concentrated H2SO4 s centrifuge and combine the wash

and the supernate.
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(p) Make the supernate from step (o) ammoniacal (pH 9-10) with con-
centrated NH4OH. Digest in a hot water bath for ten minutes to
coagulate the Bi(OH), precipitate. Cool, centrifuge and discard
the supernate.

(q) Dissolve the Bi(OH), in 3 ml of glacial acetic acid, 5 ml of M
NH402H302 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 CaCl2
solution and heat over a flame for two minutes.

(r) Add conceutrated NH,OH to precipitate Bi(OH)3. Digest the

4
precipitate in a hot water bath for ten minutes, cool, centrifuge
and discard the supernate. Slurry the precipitate in § ml of
water, centrifuge and discard the wash.

(s) Add 6 drops of concentrated HCL and a minimum of water to dissolve
the precipitate (Note 5). Add 6N NH ,OH until a precipitate is
observed and add dropwise 6N HNO, 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 "Anhydrol", 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 110°C for fifteen minutes,cool to room temperature
in a dessicator, weigh, record the chemical yield of BiOCl and
mount on 4 brass planchet.

(u) After the radioassay of Bi-210 has been completed, slurry the

PbS0, precipitate from step (o) with anhydrous "Anhydrol". Filter

onto a previously washed and weighed Whatman No. 42 filter disk.
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Dry in an oven at 110°C for fifteen minutes, cool to room temperature

in a dessicator and record the chemical vield recovery of lead.

Note 1. During the removal of I, a precipitate of Pb(NO,4), may form.
Do not try to dissolve this precipitate.

Note 2. In order to minimize the volume, start with 2 ml of 6M
NH402H302. Add additional 6M NH4C2H302 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 PbSO4 precipitate until the ammoniacal supernate is clear.

2
Note 4. This is the time and date of separation of BiZlo from Pb 10.

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
activity at each counting time is corrected back to milking time of 81210 using
the theoretical Bi210 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.

103









Isotopes, Inc.

6. Dissolve the cadmium sulfide precipitate in 5 ml of 6M HC1,
boiling until the precipitate is completely dissolved. Adjust the volume
to approximately 15 ml with water and add concentrated NH40H to pH 9.
Heat in a hot water bath for § minutes and add 10 ml of saturated Na,CO,.
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 ml of

6M HNO,, boil to expel CO2 and combine with the supernate from step 5 in

3?
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 ENO, and again evaporate until
salts appear. Add 20 ml of 9M HNO,, and repeat the evaporation.

9, Add 5 ml of concentrated HNOB, dilute to 100 ml with water,

heat almost to boiling, and add 2 ml of saturated NaBrO, with stirring.

3
Digest for approximately 20 minutes or until the MnO2 precipitate settles.

10. Cool to room temperature, transfer 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 « ~hined supernates to almost dryness and
transfer the solution to a clean 40 ml centrifuge tube with approximately
25 ml of water. Adjust the pH to 9.0 with 10M KOH, place the tube into a
hot water bath of several minutes and add 10 ml of saturated NaQCOS. Digest

the precipitate for 15-20 minutes, cool, centrifuge and discard the super-

nate.
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(e)

(f)

(g)

(h)

(1)

(3)

To the combined supernate and wash from step (d) add 3 ml of con-
centrated HN03- Heat, add 2 ml of saturated oxalic acid solution
and heat until the solution becomes colorless (Note 2).

Heat the solution almost to boiling, add 2 ml of saturated NaBr0,
and stir vigorously until all the MnO,, has precipitated.

Transfer the precipitate by portions to a 40 ml centrifuge tube.

Centrifuge and discard the supernate. Wash the precipitate with

10 ml of 1N HNO centrifuge and discard the wash.

3
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 ard mount on a nylon planchet
for radioassay.

On completion of radioassay, place the filter 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.

Heat the crucible in an electric muffle furnace at 850°C for 1
hour, cool in a desiccator and determine the chemical yield of
Mn304 .

Note 1. The solution should remain a deep purple.

Note 2. The permanganate is reduced to Mn+2.
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23

Iron-55, 59 Purification Procedure

The ferric hydroxide precipitate is dissolved in 10M nitric acid

and extracted into 0.6M 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)

(b)

(c)

(d)
(e)

(£)

Dissolve the Fe(OH)3 precipitate from the sequential separation
in 3 ml of concentrated HNOS, add 10 ml of 10M HNO3 and 1.3 ml

of 30% H20 Transfer the solution with water to a 60 ml

0*
cylindrical separatory funnel and add 15 ml of freshly prepared
0.6M 2-thenoyltrifluoroacetoné(TTA)-xylene .solution (Note 1).
Stir the mixture for 15 minutes with a high speed motor stirrer.
Withdraw and discard tlc 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.

Add 15 ml of freshly prepared 4M HNO, - 3% Hy0, 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.
Repeat step (c).

Add 15 ml of 0.25M HF-0.25M HNO solution, perform a one minute
scrub and discard the aqueous scrub solution. Repeat this step
twice more.

Add 7 ml of concentrated HCL and stir until the organic phase

is decolorized (about 10 minutes). Withdraw the aqueous phase

and repeat the backsextraction with an additional 5 ml portion

of concentrated HCIl.
111
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(g)

(h)

(3)

Combine both aqueous portions and precipitate Fe(OH)3 with excess
concentrated NH40H. Centrifuge and discard the supernate.
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 NH4H2P04) and 8 ml of "Carbonate Buffer"(Note 2).
Transfer the solution to the electrodeposition unit containing

a tared copper disk (Note 3) with S ml of "Carbonate Buffer"
solution. Electrodeposit for 2 hourg'starting at 450 m.a. for

15 minutes, and increasing to 500 m.a.

On completion of plating, remove the copper disk and wash
immediately with water and anhydrous "Anhydrol". Pat dry 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 ¢ (NH4)2 €0, 'in 175 ml of concentrated NH,OH and diluting to 1 liter with

water.

Note 3. The copper disk has to be thoroughly washed with a cleansing

compound, distilled water and anhydrous "Anhydrol™ 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(11) complex of O-phenanthroline is formed and the spectrophotometric determination
is made at 510 mp. Oxidizing agents cause the major interference. The color is
stable for about 12 hours after a 5-10 minute color development. The recommended
range is fiom 25 to 100y 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, 1 ml of
1% ortho-phenanthroline in anhydrol solution and 15 ml of 40% ammonium
acetate solution.
(b) Dilute to the mark and mix well.
(¢) Rinse a 1 cm cell with three portions of the solution and transfer the
solution to the cell.

(d) Convert the photometric readings to milligrams of iron as follows:

Total milligrams Fe = A x B x 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 HC1l (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.
113
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FIGURE 45 - VERTICAL DISTRIBUTION OF ACTIVATION PRO-

DUCTS AND STRONTIUM-90 AT 65°N, 7 DEC 1962 AND
16 APR 1963
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FIGURE 58 - CONCENTRATIONS OF Pb*'® AND Po*'® COLLECTED
IN THE SOUTHERN HEMISPHERE DURING OCTOBER, 1961-

APRIL, 1962
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CHAPTER 7. PROCRESS 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

218
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possible with a pure diffusion-rain out model. The equation to be solved was

therefore

g _1 09 ,,k0qy | 0 2\, 9q
t P Or Or rg 0 d
o VK (o
where = sine of the latitude,
q = concentration (g/¢g air),
= density of air
P y ;
o = mean radius of the earth, and

Key 39‘ = diffusion coefficients (cmz/sec) in the r and g directions
respectively.

The rainout mechanism was simulated by removing a certain fraction of
the material which had diffused down to rain cloud level after each complete
cycle. The removal fraction was assumed to be proportional to the mean annual
rainfall in appropriate latitude belts. The factors employed in all the studies
reported here are given in Table 18.

The removal levels were assumed to be 6 km, 6 and 8 km, or 4, 6 and
8 km depending upon the specific 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 material was considered to have been deposited on the ground.
For purposes of comparison between the observed spread and deposition of tungsten-
185 and individual model predictions, the tullowing were considered essential

features of the observed distribution:
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The per cent of total injection removed by the rain process at indicated
times after injection for the models described in Figures60 to6?2 is shown in
Figure 6i. 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 cuincide by a simple shift in
the logarithm of time. The 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 9-: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 6o« The solid
curves are the observed data (obtained from Volume 4 of DASA 1300) while the

dashed curves are those for model 10F'. Since the total per cent deposited
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is net the same, the strength of the source for model 10F 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 weridicnal distribution of rainout. A shift
of the model curves about 4 to the north would make the comparison after one
vear almost perfect except for the equatorial region.

The response of the meridiona® distribution of rainout to changes in
tropospheric verticai diffusicon coefficients is quite dramatic. For example,

if the basic tropospheric Kp in model 10F is increa=ed from 2 x 104 to 4 x 104,

!

the distribution of the deposit with latitude becomes much flatter than that
shown in Figure ¢i¢ ALt in all, however, the rainoutr mechanism assumed in the
model has at least the ivherent ability to reproduce the observed deposit data.
he problem now is to justify the height distribution of Kr
For exampie, a value of |<r 10" at 22 km {above both the polar and
tropical tropopause  =eems unred=onably large. The present model assumes that
the principal axes of the diffusion tensor are along the horizontal and vertical
directions respectively. It is entirely possible and almost probable that a
principal axis for large scale diffusion is along an isentropic surface. One
- ~ . - .y . .
possible way of modelling this effect is to assume that KrN Kr + Ky")
» - Y = . . ! . . [ -
where 9 is the <lope of the isentropic surface and Kr is the diffusion
b : : c : : ! s S
coefficient in the radial direction. Since Ky i~ of the order of 107, Ky"

: B : : 2 : ] -5
is of the order 10" if the ~lope of the isentropic surface is 10 *, a not un-

reasonable value. ihis matter will be 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 t§,where the
slopes of the decrease of central concentration with time are compared for models
8, 10F 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

Kl" with latitude, and of the rainout mechanism. The later models suggest
that with more rapid rainout and perhaps a larger variation of Ky‘ with
latitude, the model slopes may approach the observed slope.

The observed values of R R, and R, are not too difficult to re-

Ik
produce in the models. A bhasic value of KF’ of about 1.5 x 10° at the
equator can reproduce these features of the observed distribution. The most
difficult feature of the observed distribution 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 Ky with height in the polar stratosphere
and of KF with latitude and height. lor example, the pattern of con-
centration in the stratosphere for model 8 at 16 weeks after injection is
shown in Figure €7,while the pattern of concentration 120 weeks after in-
jection is shown in l'igure 68. It is apparent from I'igure 67 that the level of
maximum concentration decreases by about 2 km from the equator to 53°N,

But as time progresses and the rainout mechanism becomes more important, the

level of maximum concentration in the stratosphere begins to rise (see I'igure 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 Kp 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 pérticle 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

Jd_ (rq) (2)

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 Q 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 (4] of interest to us. Thus,
at the point j, K

| 9 (P0Q)_ N, _ n
o ar [“"Qq L ko (PO )j.k]/Pk (e %) ®
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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

19 (pwa) L 0 (pvcos¢q)
p Or pro Ou (6)

Centered differencing techniques are used for (6) such that evaluating

q""' at the point ( j,K )

1 9 (pwq) . ~(powq"
..’;.._;PWCI [(pWQ)“‘“ (pwq )j, ]/Pk(kn .,

(7)

- (pv cos¢q) _
9'F ¢ =|(vcos¢pq™). k°(vcos¢q"). WA Nl
plo a,_,_ J*h =L k| - jor Dy
The terms in equation (7) are handled explicitly for all time steps. It can
be shown that, if the boundary conditions are treated correctly, equation (7)
will conserve the mass of the diffusing substance, although there is no
guarantee now that @ will be positive.

In order to ensure that no local distortions occur, the equation of

continuity in consistent finite difference form is

(W) o= (W), oK

ke [ (p]” ",-u] [(pvcos ¢)j,,.,k-(pvcos¢)j-.'k] (8)
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The field of W  may be computed from a given field of V , or the field of
Vv from a given field of W provided that V = O 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 W
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 maximum concentration in the stratosphere can be maintained
for at least two years with a strong mid-tropospheric sink (rainout process).
One such circulation 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 feet between latitudes 60° and 30°N.

Incorporation of general circulation terms in the model increases
the possible number of degrees of freedom considerably. At this point,
therefore it was decided to begin experimenting with north polar tracer
injections. The aim here is to provide a model 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
grid points in polar latitudes than was the case in the first version of the
model. Accordingly, the model was reprogrammed to minimize storage requirements\
and a grid of 30 x 28 points was adopted. The height interval was reduced
from 2 to 1.5 km. There are 17 latitudinal points in the Northern Hemisphere
and 12<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>