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AEROSOLE AS CARRIER OF NATURAL RADIOACTIVITY

Atomk'.ufu . K. Stisrlhdt ‘M
(Nuelear Enerzy) M. Papp

Vol. 5, No. 12, Pages ¥59=461, 1960

ABSTRACT

Descriptien of an epparatus for ionizing natural geroscl and for
cluzsifying the partlcles by mobility, The natural ’éact.ivit.y of the
particles is utilized az indigater. It was shown thaf particles with e
radius betwson 1 and 15 x 10°7ea carry 65% of the aotivity. No indications
wora found that a particular size classification of particles is preferred.
Coxparlons are made with similar measuremonts by Wilkening in New Mexioo,

Introduction

In connection with a numbser of studies carried out in our Institute
on natural and artificial activity of the atmosphere (Ref. 1), it appeared
desirable to investigate the disirlbution of activity over the size range
of the porosol. 3u~h measurcwents have alrecady been made by Wilkening 4n
Now Moxico fer natural atmospheric activity which is about 5 times higher in
New liexico than in Munich, At the start of our measurements in 1959, the
ertificial atrospheric activity due %o nucloar-woapons tests was very low
so that wu initially investigated only tho natural activity. This amounted
during tho perlod of measurement to approximately 180 to 1,000 times of the
artificial activ} ¥, 1.6, in the mean 1 t0 2 x 1G™"Y Curie of redium B + ¢
and 2 to 4 x 107 Curie of thorium B + C,

It was of particuler interest wheth~r the distribution of sctivity,
on which VWilkoning concluded from his measurements, over only twy discrete
classes of particle size, i.e. diameters of 0.9 andfor 1.8 x 10-0 cm,
existed also in Munich, It may be assumed that the various conditions in
Now lsxico and/or Munich responsible for the origin and size distribution
of tho aeroiol aad an influenco also on the apposition of the radium and
thorium metibolons., We therofore designed an apparatus essentially
corresponding to that of Wilkening and suitable for investigating approxi.
mately the same range of mobility.




Measuring Arranzement

The apparatus (Fig., 1) consists of a cylindrical condenser which the
&lr enters by a snmaull ring gap alonz the inner electrode. The laiter cone
aists of brass vwith a diamster of 1,3 om and iz at ground potential., The
outer dlectrovde with an dmnoer diameter of & com consists of 10 niokel.ooated
brass rings which cen bs assembled inte a tute with a length of 40 om, The
alsctrode potential can be varied between + 0.6 and + J kV,

Two larirar air streams are passed throuzh the cylindricsl condenser,
Roor: air frowm which activity has been removed by a cotton filter, flows along
tho outer electrode and servaes o keep the active outer-zir stream, entering
parallel to ths inner elestrada, laminer, Outer sar is drawn in by a ground:d
brass tube with an internsl dicmetor of 1,5 em, It flows around a tungsten
coll serving as icniter which is charged to 6 kV in ralation to the ground.
In the viciniiy of the tungsten ccil, the aerosol particles contained in the
&ir are in larze part charged negatively by p.ssing through the negative
szace charce of the corona discharge. The air stream then enters thse
eylindrical condenssr throuzh a ring gsp, 6 cm long and 1 mm vide, The
laminar charachter of the doubic stream is cobsorved with the aid of clgaretis
szoko throush & glass tube placed in the location of the ancde, We determined
expsrimentaily the most favorsble values for the double stream, i.s. optimum
lorge Gz, as follows: mnomeactive sir Q; = 6.2 m“/br; active outer air Q; =
0.6 m2/nr. The volume of flow was measured with a gas-flow meter.

- the aerosol particles leave the rin;: gap, they move in
the - .} anode undor the asticn of the elsctric field, According
to Becker (swi. 3), there is velid for their mobility ,  30-Q logflr (o,
22Ul

in which Q = total air flow volume; R = inner radius of outer electrode; r =
cuter radius of inner electrode; U = condenser potential in V; I = distance
from input orifice alter which the particle reaches the ancde,

The individual rings of ths anode are thinly coated with vaseline on
the inside., At the end of the interval of exposurs, the vassline ocoating
cantaininz the radioactive depcsit was wiped off with filtor paper moistened
in benzene and the activity measured by a ﬁ -counter,

Findinas

Sozo proliminary experiments wore carried out to test the efficlency
of the ionizor. I% was necessary to detcrizino the degree of precipitstion of
the arranjemont. Consequently, an electrouu rilter (Ref. 4) of known effi-
ciency was operated parallel to the cylindrical condonser. After exposure
for 24 hours and a condenser potontial of 3 kV, an overall efficlency of
64,8 +f/= 6.34 Jor natural activity was found. It was shown that the larger
part of tho remaining 35% of tho activity was precipitated on the walls
between tno Sonizer and at the discharge opening of the ring gap into the
condonser, Tris probably conce:ns predominantly particles with high mobility
wvhich are precipitated in the field between ionizer and intake tube or thoae
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perticles coming into contact with the wall due to turbulence., Since the
following megzsurements concern only roclative values of activity, the sctivity
precipitated in the ring gap was neglected, The result of determining effia
cioncy indicated thet the larger part of the natural activity is found on
smail medium ions (¢f. below).

It would be botter in princinle to abandon tho additional artiflicial
ionization of all particles anl to uwiildme only tne natural charge carriers
for tkoe count, This r:duces iru nurmbor of perticles to one-fourth., At an
averaze activity of 1 to 3 impulses ner minute on the individual electrode
rinz, this was obviously not accoepizble. Unfortunately, artificial ionization
produces come additional difficuliies in the interpretation of the findings
because tne chargo distvibution for particles in &« corona discharge is not
known, in contrast to the matural charge distribtution.

Two serios of measurcments wore carried out. The electrode potential
with 3 andfor C.6 WV wcs solocted 5o that a somewhat larger range of mobility
than in the mecosurements of Wilkening could to cotected. Each sories consisted
of 35 exposurcs lastinz 24 hours, The first sories at 3 kV was carried out
in Mareh and April 1959 and the second at 0.0 kV'in Hay and June 1959,

The result is shovm in Jig. 2. Tha activity of the individual
electrodo sections in percent of total activity {or sach measurement serias
is represented as Hinction of mobility. The individual snode sections are
desigriatcs by lowsr-case Latin letters (the measurement of VWilkening had
also beon plotied for comparison). In regard to the extent of activity, the
twe moasurement series are comparable only conditionall, since the effi~iency
2t 0,6 kV is only about vno-half of that at 3 kV. All parucles with mobility
below & cgs-units are no longer procipitated at 0,6 kV. A considerable
difficully in evaluation was rcpresonted by tho low activitlies which were
in the mean about 10 to 20 impulses por minuto for the eniire anods, A
maxdrmm of § i-pulses per minute was found for 1 ring. Consequently the
values show consicerable scattor during the individual exposures. The mean
errors are paoticd in Fig., 2 by thin lines, Wilkoning does not indicate
any errors. -~owcver, they can be estimated {rom the other data and are of
the same ordor ol masnitude as ours. The particle radii for different charge
values were calculatcd with the Stokes~Cunningham formuls and plotted in
Fig. 2: , . _n-e(1—8/pa) in which b = mobility; e = elemental charge; p =

6.”.”.0
air presswro in cm Hg; n = nurboer ol elemontal charges; a = particle radius;
B = constent = 0.000617; 7= visocity of air.

Discussion of Fincdin-s

The disiribution of activity over tho cdifforont mobilities initially
offers a rathor conlusiny piciure. It appoars as if, in the range between 1
and 10 egs, three classes of mobility (hy o and b + c) saem noticoably
preforrod, oven in considerat.on of the error limits (3-kV sories), In the
1 .nze botwoen 5 and 100 egs (0.0-xV series), however, a rather uniform
distribution was found. Comparison with the measurements of Wilkening




(also plotted) slows preferred rezions which concord approximately with our
rezions j, e :nd b. Vhen taking into account the error limits, this con.
cordarice would not appear to be purely random. In spite uf the protably
rather different conditions for the origin and composition of aeroscls in
Kew llexico and/or Munich, there conscquently results, in the range of the
small recdium ions, a similar distributie: of mobility of natural activity.

However, tha objective of our investizaiions was primarily the range
of size o the carrisers of natusal activity. Prerequisite for this is knowe
lecre of the charge distribution, Wilkening asswnies that zlmost ¢ ly single
charged particles exdst in the ranze of size invesitigated and cites as proof
t22t ro muliiple charged particlos woro manifested in his msasurements,
This assumption is valid for tho natural charge distribution in tho atmniphore,
Howover, in tho ion atmosphere of a corcna discharﬁo. ¢ maximum charge bee
comos adiustcd for partieles below a radius of 10™7 om sccording to the
following relation (Ref. 5): n=2 * 10° * a,

As will be seen from the scales for the_particle radii in Fig. 2,
charge 1 (corresponding to a radius of 5 x 1077 cm) lies exactly in the
widdls of the range of size investigated., 7Thao occurrence of muitiple charges
is therefore entirelg probablo. Wwith our arrangements, the particle re.
mained aboui 5 x 10™2 sec in the corona discinarge. This time is sufficlient
for about 253 of ths particles to reach maximum charge. The time botiween
cherging and procipitation of the particles lies between 2,5 and 14 x 10~3
sec, It may bo assumed that at least a pari of the rultiple charged particles
retains thc charge during this {ime. Mors detailed indicatlions on the
raltiplicicy and life span of tho artificially preduced particle cherge are
only infrequent in the present literature,: It would therefore be perhaps
tost 4o entiroly abandon the artificial lonization of the psrticles and to |
rostrict tho investigation to natural charze carriers. However, this would
make it necessary to appreciably enlarge the dimensions of the arrangoment,
Such investigations are under consideration,

The following table contains the evaluation of ocur measursments
(Fig. 2) by particle size. In considoration of the above statement on
charzing conditions, the principally occurring particle radii are listed and
the electrode sections on which they are found with different charged values
are indicated,

Evaluation of leasurorents

(a) Teilch:n;adlus (b) Vorkorzien
in 10/ cm (c)oiniuch (d)zwoifach (o) dreifach
goladen geladen geladen

16,5 - h °
8,5 v u s
u03 q m -
2.3 n - -
1,5 k - -

a = particle radius in 10~ om; b = ocourrence; ¢ = gingle charged ; d =

double charzed; e = triple charged.
- 4 -
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It will be seon that tho viewpoint adopted by Wilkening that the
greater part of natural activity is _distributed among only two olasses of
size, 1.e. radii of #.5 end 9 x 10"7 cx, is not confirmed for conditions
in lunich. loreover, it should not be expoctod that the aerosol of large
clties exisis in so closoly adj.cent déiscroto particle sizes that the
raecon and thoron metabolons profer such discrote particle sises. Further
invesiigctions avre netr to Le carr 2 out wilhout artificiai donization
end are to extend over & greator suirzo of robility.
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06-34v Fig., 1 = Cylindrical ocendonser
St ——— 1 = inner electrode;
. | 2 = outer electrode;
= TEE 3 = intzko tubs;
it & = cotton filter;
¢ Zw Pumpe 5 = tun;sten coil;
; 6 = ring gap.
-+ a = dust=free air;
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Fig. 2 - Disuribution of activity (in percont of total acuvit.y ot each
measurorent sorioc) over mobility.

= (a=3) 3-kV series; b = (keu) 0.6=kV series; ¢ = measuring points of
Wilkering; d = Ti{s Tp, P = racii for single-, double-, triple-charged
particles; f = aotivity;“g = mobility.




