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AEROSOL, AS CASRRIER OF NATURAL RADIOACTIVITY

K. Stisrstadt and
(Nuclear Ener.yj M. Papp
Vol. 5. No. 12, Pages 459-461. 1960

ABSTRA.CT

Descripttion of an apparatus for ionizing natural #erosol and tor
cl-sifyi•r ta, particles by =obility. The natural 5 aotlvlty of the
particles is utilized as indicator. It w'as shown that particles with a
radlus betwian I and 13 x WO•'Ica carry 65A of the aotivity. No indications
wara found that a particular size classification of particles is preferred.
Co..rion are made with similar measuremonnt by Wilkering in 1e4 Mexico.

Introduction

In connection V-tth a number of studies carried out in our Institute
on natural and artificial activity of tho atmosphere (Ref. 1). it appeared
dosirable to investigate the distribution of activity over the size range
of the aorosol. su!h measaromi-nts have already been made by Wilkening in
Now '.oxico for natural atmospheric activity whioh is about 5 times higher in
New 1-:exica than in Munich. At the start of our measurements in 1959, the
artific'al ,tnos~heric activity due to nucloar-woapons tests was very low
so that u, initially investigated only the natural activity. This amounted
during tho period of measurement to approximately 180 to 1,000 times of the
artificial activj3y, i.e. in the mean I to 2 x 'V Curie of radium B + C
and 2 to 4 x 10"' Curie of thorium B + C.

It was of particular interest wheth-r the distribution of activity,
on which :dilkoning concludod from his measurements. over only tiw. discrete
classes of ?article size, i.e. diameters of 0.9 and/or 1.8 x 0-0 cm,
existed alzo in Munich. It may be assumed that the various conditions in
Now .qexico and/or Munich responsible for the origin and size distribution
of the aero:ol -ad an influence also on the apposition of the radium and
thorium metabolons. We therefore designed an apparatus essentially
correspondir.? to that of Wilkonine and suitable for investigating approxi.
mately the same range of mobility.
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Merasuinns• LrranzP•rnt

The apparatus (Iigs 1) consists of & cylindrical condenser which the

air enttors by a small ring gap along the Lnner electrode. The latter con-
sists of brass with a diameter of 1.3 am and is at ground potential. The
ont6r electrcde with an inner diameter of 4 cm consists of 10 niokel-ooated
brass rings which con be assembled into a tube with a length of 40 m.. The
Selectrode potential can be varied between + 0.6 and -& k3 .

Two laminar air streams are passed through the cylindrical condenser.
RooTm air from which activity has been removed by a cotton filter, flows along
the outer electrode and serves to keep the active outer-air stream, entering
parallel to ths inner olectrodo, laminar. Outer air is drawn in by a ground-d
brass tube with an ixiternal diamotor of %.5 cmu. It flows around a tungsten
coil serving as icnizer which is charged to 6 kV In ralation to the ground.
Ln the vicir.-.y of the tungsten coil, the aerosol particles contained in the
air are in large part charged negatively by p:.ssing through the negative
space charge of the corona discharge. The air stream then enters the
cylhndrical condenser throu-h a ring gap, 6 cm long and. I mm wide. The
lamina" character of the doublo stream is obsorved with the aid of cigarette
smoke throuh a glass tube placed in the location of the anode. We determined
experimentally the most favorable values for the double stream, i.e. optimux
large Q2, as follows: nornactive air Q. = 6.2 mi/br; active outer air Q2
0.6 m3/hr. the volume of flow was measured with a gas-flow meter.

the aerosol particles leave the rini, gap, they move in
th4 anode unrdor the action of the electric field. According
to eckar (.wi. 5), there is valid for their mobilty b k• a/ ,

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 after which the partiole reaches the anode.

The individual rings of tha anode are thinly coated with iaseline on
ths inside. At the end of the interval of exposure, the vaseline coating
cantaining the radioactive deposit was wiped off with filter paper moistened
in benzene and the activity measured by a S -counter.

Findin!!s

So:.e preliminary experimonts wore carried out to test the efficiency
of the ionizor. It was necessary to deteromno the degree of precipitation of
the arrarngemnt. Consequently, an electroou filter (Ref. 4) of known effi-
ciency was oporated parallel to the cylindrical condenser. After exposure
for 24 ho-rs and a condenser potential of 3 kY. an overall efficiency of
64.8 +/- 6.31. £or inatural activity was found. It was shown that the larger
part of the remaining 35% of the activity was precipitated on the walls
between the -onizer and at the ei.scharge opening of the ring gap into the
condonser. Tcns probably concerns predominantly particles with high mobility
which are precipitated in the field between ionizer and intake tube or those
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particles coming into contact with the wall due to turbulence. Since the
following measurements concern only rolativo values of activity, the aetivity
precipitated in the ring gap was neglected. The result of determining effi-
ciency indicated that the larger part of the natural activity is found on
small nodium ions ýcf. below).

It would be better in princi-lu to r.b-,ndon the additional artificial
ionization of all particle)r an: to utilioa oniy the natural charge carriers
for the count. This r :ducos tht, numbor of pt-ticlos to one-fourth. At an
averaZe activity of 1 to 3 :L-pulzso per minute on the individual electrode
ri'n, this was ob'viously not .cc'p•Io. Unfortunately. artificial ionization
produces soma additional di ficul.'es in the interpretation of the findings
because tnae charg-o G.sttibution for particles in ix co'ona disoharge is not
known, in cortrast to the natural cha-ge distribution.

Ti:o serioe of measuroments vore carried out. The electrode potential
with 3 anidjor 0.6 V ' was solocted so that a samr..what larger range of mobility
than in the -.o'surements of '!ilkonr.- could be dotoctod. Each series oonsisted
of 36 e•-osur,.s Lstin- 24 hours. The first series at 3 kV was carried out
in ch and April 1959 and the second at 0.6 kVl'in May and June 1959.

The result is shoim in .'ig. 2. Tha activity of the individual
electrode sections in percent of total ac ivity for each measurement series
is represented as function of mobility. The individual anode sections are
dosignatuci by lower-case Latin letterz (the measu•ement of Wilkening had
also bean plot-wd for comparison). In regard to the extent of activity, the
two measixrement series are comparable only conditional:, since the effi-iency
at 0.6 lV is only about one-half of that at 3 kW. All particles with mobility
below 4 cgs-units are no longer precipitated at 0.6 kV. A considerable
difficulty in evaluation was represented by the low activities which were
in the mean about 10 to 20 impulses per minute for the entire anode. A
maxirm of 5 inul~ss per minute was found for I ring. Consequently the
values show considerable scatter during the individual exposures. The mean
errors are pbottcd in Fig. 2 by thin lines. Wilkening does not indicate
any errors. :-owcver, they car, be estimated rom the other data and are of
the same order o: magnitude as ours. The particle radii for different charge

values were calculatc2d with the Stokes-Cunningham formula and plotted in
Fig. 2: b - n(-lBpa in which b = mobility; e - elemental charge; p =

air pressur- in cm Hg; n = numbor of elemental charges; a = particle radius;
B = constant = 0.000617; v/ = viocity of air.

D-1-se5s-ion of Find.n-s

The diUsributior, of act.-lity over the different mobilities initially
offers a rather- confusin- picIure. :t appears as if. in the range between I
zand 10 Cglm, three classes of rmobility (h, o and b + a) seem noticeably
preferred, oven in considerat..on of the error limits (3-kV s-ries). In the
r nge betwo-rn 5 an- 100 cgs (0.6.-kV series), however, a rather uniform
distribution was found. Comparison with the measurements of Wilkening
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(also plotted) s:'ows preferred regions which concord approximAtely with our
regions J, e f.nd b. When taking into account the error limits. this con.-
cordance would not appear to be purely random. In spite tif the probably
rather different conditions for the origin and composition of aerosols in
Low "exico and/or .unich, there consequently results, in the range of the
small mediim ions, a similar distributioq- of mobility of natural activity.

However, tha objective of our invostigations was primarily the range
of zize of the carriers of natu..'al activity. Prerequisite for this is know-
ledge of the c'.arga distribution. Wilkening assu~;ies that almost t iy single
char-od particlas exist in the range of size investigated and citos as proof
t'-at no muliple charged particles wor.' manifosted in his measurements.
This assumption is valid for tho natural charge distribation in the atmi phero.
hot;aver, in tho ion atmosphere of a corona dischar ea, a maximum charge be-
comes adjusted for particles below a ragius of 10" cm according to the
following relation (Ref. .): 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 0O cm) lies exactly in t1e
.iddl-3 of the range of size investigated. Tho occurrence of mtultiple charges
is therefore 6ntirely probable. With our arrangements, the particle re.
mained about .5 x 10- see in the corona discharge. This time is sufficient
for about 25% of the particles to reach maximum charge. The time between
charging and precipitation of the particles lies between 2.5 and 14 x 10-3
sec. It may be assumed that at least a part of the multiple charged partioles

" retains tho charge during this time. More detailed indications on the
multipllcizy and life span of tho artificially produced particle charge are
only infrequent in the present literature. it would therefore be perhaps

bott to entirely abandon the artificial ionization of the particles and to
restrict the investigation to natural charge carriers. However, this would
make it necessary to appreciably enlarge the dimensions of the arrangement.

Such investigations are under consideration.

The following table contains the evaluation of our measurements
(Fig. 2) by particle size. In consideration of the above statement on
charing 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 -o.stiro,:ents
(a) Teilc:.:aradaus (b) Vorkorwmen

in 10-7 cm
_,_______ch (edlezwoifach dreifach°)oladen , e'laden ( &*•eladen,

16.5 h •
8,5 -1 s
4,3 q in
2,1 n --
1.5 k-

a = particle radius in am" e; b - occurrence; o a single charged d a
double charged; e u triple charged.
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It will be seen that tho viewpoint adopted by 'ilkenlng that the
greater part of natural activity is distributtd among only two classes of
size, i.e. radii of 4.5 end 9 x 10"" cm, is not conf•mred for conditions
in Lunich. :oreover, it should not be expectod that the aerosol of lane
cities erýsts in so closely adjacent discrato particle sizes that the
racon and tŽoron metabolons profor such discrete particle sizes. Fu•rthr
investigations are not' to be c:.r•+ ` out VItIout artificial ionization
and are to oxtend ovr a greatt.- .:,ro of .

i. .torc~n •r•e1. 237, 1c956; 2. 161, 438, 1957; 3, 222, 19,58, 4, 147,

303, 4i, ,9.9.
2. :k 14. H.: Rev. :. instr. 23, 13, 1952.
3. Becket, A.: Arn. Phys. 31, 93, 1910.
4. 1,"Mgncr, R.: Atomkernc oerg-..o 4, 481, 1959.
3. Eniel, A, V., und M. Steenbock: Electric gas discharges, voluae 2,

(Borlin 1934),



Fi-UITe Appendix

0,6-3 kV Fig. I Cylindrical condenser
- 1 = inner electrode;

4 1s 2 =outer electrode;
- _ 3 = lzt..lco tube;

4 = 4 cotton filter;
65 = 5 tur,-sten coil;OL Zw OO~ 6 =rirz gap.

j- a = dust-free air;
Abb. 1, ZyI,.~eAO~dn3~~OIm a ,sa.A~frti Luff b - Qlst..oontaififlg air;

b stoý.halt~e Lwfi a - to p~ump.
2 Aaflenedehklrode S W ofornspiruI
3 Ansougmkir 6ti-jspoil

15 - 10 5 3 I's r
20 15 10 5S'

f 4t
3

D 20 is 10

Abb. 2. Verneilurg der Akttra.18 (in mw

a .... (a-ji) 1.Ser;* bei 3-V 'Y
b - (k-u) iI ie. soi ei OA6k W

d , r, gRcd~esNk1-..2-, 3104h1

b

Fig. 2 -Diz,-.ibution of activity (in percont of total activity of each
reazuro~ent scriez) over mrobility.
a = (a-') 3-ky so..es; h (k..u) 0.65-ky seriero; a - measurlng points of
Wilkený..ng; d = r1, r, r3  radii for sinGle-, double-., triple-ohariged
particles; f = aotimi~ty;3g mobility.
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