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SOME OBSERVATIONS ON THE ELECTRICAL CHARACTERISTICS OF RADIOACTIVE
(RADON PROGENY) AND NON-RADIOACTIVE AEROSOLS

J. Bigu¥*

Elliot Lake Laboratory. CANMET. Energyv. Mines and Resources Canada
P.O. Box 100. Elliot Lake. Ontario. Canada

ABSTRACT

The electrical characteristics of radon/radon progeny atmospheres have
been investigated. Experiments were conducted in a Radon/Thoron Test Facility
(RTTF) of the walk-in tvpe using an electrical elutriator of the split-flow
variety. originally designed by Johnston. Experiments were carried out with
the 'undisturbed' atmosphere. and when this atmosphere was exposed to a source
of electrically charged particles produced by a negative ion-generator. Under
normal conditions. the average electrical charge of the radon/radon progeny
atmosphere was substantially less than one elementary unit. Under the
influence of the ion-generator. however. the electrical charge exceeded two
elementary units. and the electrical charge distribution was non-symmetrical.
It was found that the particle concentration in the RTTF substantially

decreased with the operation of the ion-generator.



INTRODUCT L1ON

The short-lived decav products of radon and thoron are formed initially
in an atomic. positively charged state which rapidly combines with sub-micron
aerosols. As aerosols are found in positively. negatively and neutrally
charged states. the resulting atmosphere consists of a complex mixture of
charged and neutral particles of a size covering a wide range.

Similarly. measurements have shown that industrial dusts in the
respifable size range also carry an electrical charge (Patterson et al. 1929:
Kunkel 1950a and b: Johnston et al. 1985. 1987). The electrical charge
associated with Long-Lived Radioactive Dust (LLRD). i.e.. dust containing
long-lived radioisotopes. is important in the context of this paper. Long-
Lived Radioactive Dust is found in mine air in the course of mining operations
in uranium mines.

The charge associated with radioactive submicron aerosols and LLRD in
the respirable size range is of interest from the health physics standpoint
since it influences the deposition of these particles in the human respiratory
svstem (Prodi and Mularoni 1983).

Because of the electrical charge associated with the radon and thoron
progenies. and with LLRD, these radioactive particles can be influenced by
external electric and magnetic fields (Fuchs 1964: Jonassen 1983: Bigu 1985
and 1986). thereby providing a means to reduce radiation levels in working
areas.

The electrical characteristics of radioactive aerosols in their natural
environments and non-radioactive aerosols have been investigated by several
workers (Billard and Madelaine 1967: Bricard et al. 1964: Dua et al. 1978:
Porstenddrfer and Mercer 1979: Dua and Kotrappa 1981: Bigu 1985 and 1986:;

Hoppel 1985). Work on the electrical behaviour and other characteristics of



radon and thoron progeny conducted at our laboratory and in underground
uranium mines has been reported elsewhere (Bigu 1983, 1984a. 1985, 1986 and
1?88).

This paper deals with the electrical characteristics of a radon/radon
progeny atmoéphere and with the same atmosphere exposed to a source of
electrically charged particles produced by a negative ion-generator. The
study has been carried out in a Radon/Thoron Test Facility (RTTF) of the walk-
in type. An electrical elutriator of the two split-flow type designed by
Johnston el al. {1983) in conjunction with a variety of radioactivity and

aerosol measuring instrumentation, has been used in this study.
DESCRIPTION OF THE APPARATUS

Except for the Radon/Thoron Test Facility (RTTF). and the electrical
elutriator. the rest of the instrumentation used in this study is commercially
available. An early prototype of the RTTF has been described elsewhere (Bigu
1984b). However. the installation presently used in these experiments is a
Significantly improved and more flexible version than the one used previously.

The electrical elutriator, heretofore commonly referred to as the
Split-Flow Elutriator (SFE). was designed by Johnston (1983) and duplicated at
the Elliot Lake Laboratory (Grenier and Butler 1988). A brief description of
the elutriator is given below.

The SFE basically consists of two halves that make up the main body of
the elutriator. a flow—splitf&ng end cap and two stainless steel parallel
plates to which a variable voltage can be applied. The main body and the
flow-splitting assembly are made from high-resistivity laminated epoxy resin
sheets.

The elutriator channel. lined with the steel plates, is 35 cm in

length. 8.6 cm in width. and 0.8 cm in héight._ Figure 1 shows a side view and



a top cut-away view of the SFE (Johnston 1983}.

The size of the SFE channel was designed to operate at a nominal

flowrate of 3 Lmin~ !,

This flowrate permits laminar flow conditions in the
channel and provides an air clearance time of less than 5 s.
The particular design of the flow-splitting assembly allows the SFE to
be used under two different modes of operation of practical interest., namely:
1. Determination of the charge distribution of the aerosol or dust cloud
without polarity discrimination: heretofore referred to as configuration
X: and

2. Determination of aerosol or dust cloud charge distribution with polarity
discrimination., i.e.. both polarities are simultaneously measured,
heretofore referred to as configuration Y.

In the first case (configuration X). all sampling ports in the flow-
splitting assembly are connected together and counted by means of. say, an
optical particle counter (for dust) or a condensation nuclei counter (for
aerosols).

In the second case (configuration Y)., the sampling ports in the flow-
splitting assembly of the SFE are connected to two different aerosol or dust

concentration monitors. or any similar arrangement for some other specific

purpose such as that described in this paper.
EXPERIMENTAL PROCEDURE

The split-flow elutriator (SFE) was used in configurations X and Y in
radon/radon progeny atmospheres produced in the Radon/Thoron Test Facility
(RTTF) by means of dry 226Ra sources*. In order to minimize plate-out of the

radon progeny on the RTTF walls as well as to provide a substrate for

*Model RN-1025. Pylon Electronic Development, 147 Colonnade Road. Ottawa.
Ontario K2E 7L9.
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attachment of the radon progeny, aerosols were injected into the RTTF by means
of a constant output aerosol atomizer*. in conjunction with an air supply
system**. and other associated equipment. Radon from the 226Rra sources was
mixed with a NaCl aerosol cloud in a mixing chamber before being injected into
the RTTF.

It should be stressed that the SFE cannot distinguish between
‘conventional' electrically charged aerosols and electrically charged radon
progeny. For this reason it is important to devise a means to ascertain that
the electrical charge and electrical charge distribution measured by the SFE
correspond to (;r are representative of) that of the radon progeny
investigated. This can be done using configurations X and Y as illustrated in
Figure 2.

In configuration X (top Figure 2), all SFE sampling ports were
connected together and then split into two flows: one flow was directed to a
condensation nuclei counter (CNC)”, whereas the other flow (2.7 Lmin"l) went
through an absolute filter, housed in a sample holder, by means of a servo-
controlled flow ad justable sampling pump. This experimental arrangement
permitted monitoring of aerosol concentrations as well as measurement of radon
progeny deposited in the filter by gross a«a-counting and «-particle
spectrometry. Configuration X enabled the study of the electrical
characteristics of the 'undisturbed' radon progeny.

In configuration Y. the two sampling sites of the SFE were run
independently at 3 Lmin~1 each. One side of the SFE flow system was split, as

‘before. into two arms, except that one arm could go either to a CNC or to a
Differential Mobility Particle Sizer (DMPS)™* in conjunction with a CNC. The

DMPS/CNC arrangement was used for aerosol size distribution analyvsis. The

*Model 3076. **Model 3074. *Model 3020 (0.3 Lmin~1), *"Model 3071, Thermo-
Systems Inc.. (T.S.I.), P.O. Box 43394, St. Paul. MN 55164.
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other arm was connected to a sample holder/filter arrangement for
radioactivity measurement purposes. The second sampling site of the SFE could
be connected to a similar arrangement to that described for the first site. or
alternatively to a CNC for aerosol monitoring purposes, or to operate in the
conventional way described in the literature (Johnston 1983: Johnston et al.
1985, 1987). It should be noted that configuration Y can also be realized by
using one sampling site of the SFE in the manner described above while
maintaining the other side at the same airflow bv means of an external pump
Charge distribution information can be obtained by alternatively reversing the
polarity of the voltage applied to the plates of the SFE or by running a
series of measurements with one polarity first. and then reversing the
polarity.

Configuration Y was used to investigate the electrical characteristics
of radon progeny exposed to a source of negatively charged ions produced by a
small ion-generator*. The negative ion-generator provided a means to deposit
electrical charge on radon progeny. Configuration Y is shown in Figure 2
(bottom).

Measurements with the SFE were made by varying the external DC voltage
applied to the SFE plates between 0 and +3000 V. The DC voltage was provided
by an external DC power supply.

In addition to the above. frequent measurements of aerosol

concentration and size distribution in the RTTF were made.
THEORETICAL BACKGROUND

It can be shown that the number of elementary charges, n, on a particle

is given by (Johnston 1983. Hochrainer 1985).

*Model Bionair 100A. Bionair Corporation, 565A Commerce St.. Flankling Lakes.
NJ 07417.




n = 3runDp/eC Eq 1
where, 17 is the air viscosity (~1.8 x 1075 Kg s71 n 1

Dp is thé particle diameter (m)

¢ is the particle mobility (m2 v-1 g1

e is the electron charge (1.602 x 1019 Coulomb)

C is the Cunningham slip correction (~1)

The mobility of the particle can be obtained from the flowrate
conditions and the physical dimensions of the SFE as follows (Johnston 1983):
u = F(Q/V,) Eq 2

where, Q is the sampling flowrate (m3 3'1)

F is a geometrical factor given by b/wl
where, b. w and 1 are the physical dimensions of the SFE (i.e.. w and 1, are,
respectively. the channel width and the channel length, whereas b is half the
SFE channel height. All dimensions in m).

V0 is a voltage defined as follows: particle concentration data are
tabulated as a function of voltage differential applied to the SFE. The data
are then normalized to zero volt concentration and plotted. A tangent passing
through the 50% normalized concentration point defines the voltage Vo by
drawing a vertical line to the x-axis (i.e., voltage) from the tangent contact
point (see Figure 3).

Substituting Equation 2 into Equation‘l. one gets the number of

elementary charges on a particle size Dp:

n = 37FK(Dp/V,) Eq 3

where, K

nQ/eC - Eq 4
Taking into account that for the SFE used here. w = 8.6 x 10" 2 m. 1 =

0.35 m. and b = 4 x 10”3 m, it can be shown that Equation 38 reduces to:

[¢]]

n =7.036 x 10° (Dp/V,) Eq

where, Dp is in meter.




The procedure outlined above (Johnston 1983) can be applied to
particles of different sizes in an aerosol or dust cloud in order to obtain
the electrical charge distribution of the cloud. This procedure is straight
forward for clouds with symmetrical charge distributions. However. for non-
symmetrical charge distributions, the procedure is more complex as described

e lsewhere (Johnston 1983).
EXPERIMENTAL RESULTS AND DISCUSSION

It is important in the context of the data presented here to
distinguish between the meaning given in this paper to 'total' aerosol and
radioactive aerosol. In the first category both radioactive (in this case
rgdon and its progeny) and non-radioactive aerosols are included. whereas in
the second category only radon progeny aerosols {free or attached to other
non-radioactive aerosols) are considered. Although it should be evident that
radioactive and non-radioactive aerosols are all part of the same particle
distribution. the above terminology is useful and justifiable because the
radioactive aerosol distribution can. in fact. be determined experimentally
(see below), and hence. distinguished from non-radioactive aerosols.

Because the SFE cannot distinguish between the two categories on the
basis of charge, an experimental protocol was designed. as previously
indicated. to identify. characterize. and quantify both components. namely the
radioactive and non-radioactive aerosol fractions in the 'total' aerosol
cloud. For simplicity. the experimental data will be divided into the
following groups:

a) Electrical characteristics of the total aerosol cloud. without external
electrical influence. i.e.. no ion-generator:
b) Electrical characteristics of the radioactive aerosol cloud. without

external electrical influence, i.e., no ion-generator:



c) Electrical characteristics of the total aerosol cloud under the influence
of an ion-generator; and
d) Electrical characteristics of the radioactive aerosol c¢loud under the

influence of an ion-generator.

A. ELECTRICAL CHARACTERISTICS OF TOTAL AEROSOL (NO ION-GENERATOR)

Figures 3 to 5. and Tables 1 and 2 show data obtained using the SFE in
configuration X in conjunction with the CNC (Figure 2), and the DMPS/CNC
arrangement (Figures 4 and 5).

Figure 3 shows the total aerosol.concentration versus high voltage
(H.V.). Only the negative portion of the graph is shown because the aerosol
cloud was symmetrical with respect to charge. (The same was found to hold
true for the radioactive aerosol, where Table 2 shows the radon progeny
concentration versus several positive and negative values of the H.V. on the
SFE to illustrate this point.)

Figure 4 shows the total aerosol concentration size distribution for
two SFE voltage conditions, namely O V and -2000 V. This Figure and Table 1
show that the geometric mean (G.M.) of the size distribution after passing
through the SFE decreases with increasing voltage. For the particular
experimental conditions. an example is given in Figure 4. a decrease in G.M.
of ~19% was brought about by the application of -2000 V. The percentage
reduction in the G.M. of the aerosol cloud depends on the vdltage applied to
the SFE, experimental conditions, type of aerosol. water vapour content, and
possibly other characteristics of the aerosol cloud. in a little understood
fashion.

A decrease in the G.M. of the aerosol cloud suggests the removal of the
larger particle size fraction from the aerosol size distribution. However, as

the electrical force exerted on a charged particle is proportional to the
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electrical charge on the particle, a reduction in G.M. of the charged aerosol
cloud can be interpreted as the removal of the fraction of particles with
higher electrical charge. Hence, from particle size and electrical charge (on
the particle) considerations one may surmise that Figure 4 and Table 1
demonstrate that under our experimental conditions large particles carry. in
general. more charge than smaller particles.

A value for the electrical charge of the aerosol cloud can be estimated
from the Figure by following Johnston's graphical procedure described
elsewhere (Johnston 1983: Johnston et al. 1985). This procedure consists of
drawing a straight line from the y-axis corresponding to Ng/2 (where N, is the
total aerosol concentration corresponding to O V) tangent to the aerosol
concentration (N) versus H.V. curve. The intersection point is then projected

onto the x-axis where the corresponding voltage. V is read. The voltage so

0"
obtained is then substituted into Equation 5 in order to obtain n. the
electrical charge. Figure 3 gives VO ~ 4 X 103 V.

Because Figure 3 has been obtained with a CNC (which measures aerosol
concentration but provides no particle size distribution information. except
for approximate lower and upper particle size operating limits). the value for
n is not defined unless a definite particle size is chosen to describe the
aerosol cloud. An obvious choice is the G.M. of the aerosol cloud. Taking
G.M. = 0.09 um, as an approximate value based on experimentation. and H.V. =
5 x 103 v. and substituting this value into Equation 5. one gets:

n=7.036 x 10° (0.09 x 107674 x 10%) - 0.16

Since the electrical charge on a particle is either 0 or an integer.

values for n less than unity suggest that a fraction of the aerosol cloud

carries no electrical charge. Figure 3 indicates that over 50% of the aerosol

cloud is electrically charged. (Most likely 560% if the line is extrapolated

to H.V. > 5 x 103 V). This value is consistent with other expérimental work
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by the author (Bigu 1985; Bigu and Grenier 1986).

As indicated above the value n ~0.16 obtained above is not truly
representative of the electrical charge of the aerosél cloud because particle
size distribution information is not given. A more accurate electrical charge
description of the aerosol cloud can be obtained by substituting the CNC by
the DMPS/CNC arrangement, and conducting a similar kind of analysis covering
the entire particle size range in small particle size increments. The result
of such analyses is summarized_in Figure 5 where n (see Equation 5) is plotted
versus Dp (particle size, um). This graph shows that the electrical charge on
the particle varies with particle size ranging from ~0.15 for Dp ~0.07 pm to
~1.2 for Dp ~0.34 um. Data for Dp > 0.35 um are not reliable because of the
lqw particle concentration in this size range, and hence. poor statistics of
counting. The decrease of n for Dp > 0.3 um is not clearly understood. but
may be caused by a combination of poor counting statistics, bias of the DMPS,

and other as yet unknown factors. Figure 5 shows that except for Dp > 0.35

pm, the particle electrical charge increases with the particle size.

B. ELECTRICAL CHARACTERISTICS OF RADIOACTIVE AEROSOLS (NO ION-GENERATOR)

Figures 6 and 7, and Tables 1 and 2 show radioactive aerosol data using
the SFE in configuration X in conjunction with the DMPS/CNC arrangement. In
this case, the outlet of the SFE was split into two arms by means of a 'Tee’,
one of which (0.3 Lminﬁl) was connected to the DMPS/CNC system whereas the
other was connected to a filter holder., housing a filter, and a pump which

sampled aerosol at a rate of 2.7 Lmin~!

(see Figure 2. top). The total
flowrate through the SFE was 3 Lmin!. as before.
The sampling filter was used to collect radioactive aerosol, i.e..

radon progeny. and the DMPS/CNC to gather. concurrently. total aerosol and

particle size distribution data (Table 1). Radioactive aerosdl was sampled
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for 5 min at a time at different H.V. and the a-particle activity was measured
by «-spectrometry using a silicon-barrier detector. and associated electronic
c;rcuitry, in conjunction with a multichannel analyzer. The spectra so
obtained (i.e.. 218pg and 2l4po photopeaks) were used in the analysis. Radon
progeny and total aerosol data are shown in Table 1 and plotted in Figure 6.
(It should be noted that the integrated z-particle count under the 218p, and
2ldp, photopeaks as well as the total «-count. i.e., 218pg + 214ps . pave been
plotted independently in Figure 6. The normalized «-counts are. however. very
similar and for all practical purposes they can be considered identical.
Because of this. a single line passing through all radon progeny data points
has been drawn.)

An estimate for the electrical charge of the radon progeny aerosol
cloud can be obtained by applying Johnston's method to the «-particle count
following the same procedure as for the total aerosol concentration (see case
A and Figure 3). The value obtained for Vo is ~1640 V {see Figure 6).
Unfortunately. the experimental arrangement used did not allow for the radon
progeny size distribution to be determined. This can be done using diffusion
batteries of the screen. parallel plate. or concentric type. However,
concurrent radon progeny size distribution measurements would have made the
present experiment far too complex as not all the necessary variables of
interest could have been determined simultaneously.

It is well known that for a lognormal aerosol distribution radon
progeny attach themselves preferentially to airborne particles in the
submicron size range (<0.1 to 0.2 um) (Mercer and Stowe 1971). This value
and the G.M. for the total aerosol cloud are similar enough so that Dp ~0.1 um
can be taken in the calculations for comparison purposes. Using Equation 5,
one obtains n ~0.43 for radon progenv. For the total aerosol cloud Vo~ 4 X

108 v (see Figures 3 and 6)., hence n ~0.16 is obtained. Assuming similar size
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distributions for the total aerosolvand radon progeny clouds, the above
results suggest that radon progeny carry an electrical charge -2.5 times
lqrger than 'normal’ (i.e.. non-radioactive) aerosol. This result can be
understood because of aerosol self-charging effects caused by radiocactive
decay (Yeh 1976). Furthermore. because the electrical charge carried by radon
progeny must be either O or an integer. n < 1 indicates that a fraction of the
radon progeny cloud carries no electrical charge. From Figure 6 it can be
seen that about 65% of the radon progeny is either positively or negatively
charged whereas th remaining fraction (~35%) is in a neutfally charged state.
These data are consistent with other measurements by the author (Bigu 1985,
1986} .

Figure 7 shows radon progeny-spectra at three different voltages,
namely, 0 V, -500 V. and -2000 V. The spectra show a decrease of the 218pg
and 214pg photopeaks$ with increasing H.V., as previously discussed (Table 1
and Figure 6). No significant spectral difference as measured by the ratio
218p,,214py were found.

Table 2 shows that N and radon progeny data are equally affected by a
given H.V. either positive or negative. Other relevant data are also shown in
this Table.

From Figures 6 and 7, and Tables 1 and 2. one may tentatively surmise:
1. The electrical charge on radon progeny appears to be significantly larger

than that corresponding to the total aerosol cloud;
2. Both 218py and 214po are eleétrically charged:
3. About 65%‘of the radon progeny are electrically charged either positively

or negatively.
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C. ELECTRICAL CHARACTERISTICS OF TOTAL AEROSOL UNDER THE INFLUENCE OF AN
ION-GENERATOR

In this study, the total aerosol cloud was exposed to a negative ion-
generator (IG) in order to induce charge effects, i.e.. to deposit electrical
charge on the particles forming the cloud. Particle size and charge
distributions of the aerosol cloud under the influence of the ion-generator
were determined. The effect of the ion-generator could not be anticipated
because of the lack of technical information by the manufacturer of the IG.
The manufacturer claims that the IG produces a large excess of negative ions.
However. the kind of ions. particle size and electrical charge distributions
are not available.

In this study it was important to determine the electrical polarity of
the particles. Hence. configuration Y (Figure 2. bottom) was used. The
results of this investigation are shown in Figures 8 to 10, and Tables 3 and
4.

Figure 8 shows the aerosol concentration. N, measured with the CNC
versus positive and negative voltage applied to the SFE. Contrary to data
obtained without the IG. the experimental results obtained using the IG are
marked ly charge asvmmetric.

Although the DMPS/CNC apparatus was used occasionally in this series of
experiments. the data shown in Figure 8 were obtained with the CNC. The
relatively long time required by the DMPS/CNC apparatus to acquire, process.
and print-out particle mobility and size distribution data was not
particularly suitable for the experiment with the IG where a large number of
measurements had to be carried out in a short time with the IG on and off. and
within a wide range of positive and negative values for the voltage. Hence,
the analysis that follows from Figure 8 is done by taking the G.M. of the

aerosol cloud (i.e., ~0.085 um as determined by the DMPS/CNC arrangement).
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This §a1ue for the G.M. represents an average because it varies with
experimental conditions, e.g., operation of the IG. (A more accurate
ppocedure would have entailed a series of similar measurements for each
particle size using the DMPS/CNC apparatus. The reasons for not having done
so have been given above.)

Because of the asymmetrical nature of the graph describing N versus
H.V. (positive and negative). the simple graphical procedure used before to
obtain Vo and. hence. n, can no longer be applied. In the present case
'deconvolution' of the data of Figure 8 was done using a graphico-analytical
method developed by Johnston (1983) designed to deal with charge asymmetric
situations (see Appendix). The result of this analysis is presented in Figure
9. This graph shows that a large fraction of the aerosol cloﬁd is charged
negatively under the influence of the ion-generator with an electrical charge
of about 2.34 + 0.5 elementary units corresponding to particles with
electrical mobility of ~2.5 x 1078 p2 y-1 g1, (If, for rough comparison
purposes, the simplified graphical analysis used in Sections A and B is
applied to the positive and negative voltage portions of Figure 8
independently, the following, respective. values for V, are obtained (using
Equation 5 for Dp = 0.085 um): V0{+) = 1.5 and V,(-) = 3.0. The mean value
of V,(+) and Vol-) is 2.25 which does not differ much fromn = 2.34 + 0.5
given above. Alternatively. n = 2.34 + 0.5 obtained by the rigorous method is
somewhere between Vo(+) and Vo(—L)

Figure 10 shows the total aerosol size distribution in the RTTF
(bypassing the SFE) when the IG is off (top left hand side histogram) and when
the IG is operating (bottom left hand side histogram). The right hand side
histograms of Figure 10 show the total aerosol size distribution using the SFE
when a voltage of ~5000 V is applied with the IG off (top'histogram). and when

the IG is on (bottom histogram).




The data of Figure 10 show that the aerosol concentration in the RTTF
is reduced by the operation of the IG, an experimental fact that has been
observed by the author in the course of several studies (Bigu 1983. 1984a and
1988). The reduction in aerosol concentration was in the range 10-20% (see
also Table 3} with no apparent significant difference in the G.M. of the
distribution. The latter is to be expected because of the limited ion output
of the IG and the relatively large volume of the RTTF (~30 m3L The modest
reduction in N in the RTTF is consistent with the above. and hence the
constancy of G.M.. The\reduction in aerosol concentration in the RTTF when
the IG was on could tentatively be attributed to an increase in charged
aerosol plate-out on the RTTF walls. (Plate-out of charged aerosols on
plastic tubing walls., and other apparatus surfaces could also contribute
significantly but this effect has not been investigated here, and hence is an
unknown variable.)

A considerable reduction (10-20 fold) in aerosol concentration was
observed at the outlet of the SFE in the voltage range 0 to -5000 V when the
IG was operated in close proximity to the SFE (see Table 4). Furthermore. the
G.M. of the aerosol distribution was significantly reduced (~30% for H.V.
~ -5000 V. ~20-25% for H.V. = 0 V) by the operation of the IG (see bottom of
Table 4). This effect persisted even at 0 voltage where an average G.M.
~0.0877 um was obtained when the IG was off compared with a value of 0.0661 pm
when the IG was on.

The observed reduction in N and G.M. of the irradiated aerosol c¢cloud
when using the SFE can. tentatively. be interpreted as the product of
clustering, condensation or coagulation of small charged and neutral particles
into larger (charged) ones, which are, therefore, more easily removed by the
SFE on account of their larger electrical charge on their surface. The net

effect of the IG in the RTTF is a reduction in N (which has been
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experimentally verified as indicated above), and an increase in G.M. which can
indirectly be inferred from SFE data.

The effec¢t of the IG on N versus voltage (H.V.) is also shown in Figure
12 (which also shows the total radon progeny «-particle count as discussed in
Section D. below). An estimate of the electrical charge on the aerosol cloud
calculated for the negative voltage portion of the Figure and Equation 3.
assuming G.M. ~0.085 um, gives n ~ 2.7 elementary unit charges, which is in
fair agreement with other values given above.

D. ELECTRICAL CHARACTERISTICS OF RADIOACTIVE AEROSOLS UNDER THE
INFLUENGE OF AN ION-GENERATOR

Data regarding the electrical characteristics of radon progeny in the
RTTF have been summarized in Figures 11 to 13 and Table 4. As for total
aerosol. the characteristics of the radon progeny under the influence of the
IG were investigated using the SFE in configurationyY. However, because of
severe practical constraints, experimental difficulties and time limitations,
the polarity of the radioactive aerosol could not be investigated in detail as
in Section C for the total aerosol. Hence, data obtained when negative
voltages were applied to the SFE are presented here. The analysis carried out
with these data is similar to that of sections A and B.

Figure 11 shows the normalized «-particle count versus H.V. for 218?0.
2l14p,. ang 218pg + 214?0. i.e.. total «a-count under the two photopeaks.
denoted by N“'T. As for the case discused in Section B, radon progeny were
analyzed by «-spectrometry. Figure 12 shows Na.T versus H.V. Also shown in
this graph. for comparison purposes, is the total aerosol concentration versus
H.V..

Calculation of the electrical charge for the radon progeny assuming

Dp ~G.M. = 0.085 - 0.1 um (see Table 4 and other calculations in this paper)
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and applying the values for V, obtained from Figure 11 to Equation 5. gives n
~2.4 to 3.5 for the electrical charge on radon progenv under the influence of
thg ion-generator. The above range of values for n is significantly higher
than that obtained with the IG off (see Section B).

Figure 12 shows the normalized total aerosol concentration (N) and
total a-particle activity (Na.T) versus voltage (H.V.) for an experiment in
the RTTF with the IG on. For this particular experiment n(Na.T) < n(N) ~4.0.

Because of the inherent error associated with the graphical method and
other considerations regarding particle size distribution discussed earlier.
the results given above are only approximate and may be expected to vary
depending on aerosol composition. method of aerosol production. local
eqvironmental conditions in the RTTF, water content of the aerosol cloud. and
other factors.

Figure 13 shows radon progeny «-particle spectra obtained using the SFE
with no voltage for the IG off (top graph) and when the IG has been operating
for a short period (bottom graph). A dramatic decrease in radon progeny
collected on the sampling filter can be observed, caused by the operation of
the IG (see also Table 4). This decrease in a-particle activity is presumably

similar to the decrease in N for the total aerosol cloud. as discussed above.
CONCLUSIONS

Some of the main conclusions that can be derived from this study are
the following:

1. For the undisturbed aerosol cloud (i.e., IG off), the electrical charge
distribution was symmetrical and 0 <n <1 with n(total aerosol cloud)
<n(radon progeny). Furthermore. ~50% of the total aerosol cloud and ~65%
of the radioactive aerosol (radon progeny) were electrically charged as

evidenced by SFE data;:
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2. For the disturbed aerosol cloud (i.e., IG on), the electrical charge was
non-symmetrical. Over 90% of the cloud was electrically charged with an
average charge, n >2. Furthermore, the total aerosol and radon progeny
concentrations decreased and the G.M. of the total aerosol cloud increased,
as indicated by SFE data.

It should be noted that an increase in particle (radioactive and non-
radicactive aerosol) plate-out on the RTTF walls and the SFE plates, caused by
the operation of the ion-generator, has not been considered here, but should
not be ignored. Because of practical constraints, no concurrent plate-out
measurements were conducted in order td ascertain the importance of this
phenomenon on the effects observed. A continuation of the present studies
with different kinds of instrumentation are in progress in order to further
verify and improve the data presented here. Plate-out measurements are

planned to determine its role on the phenomena subject of this paper.
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Table 3 - Effect of a negative ion-generator on aerosol concentration in

Notes:

a Radon/Thoron Test Facility of the walk-in type. No SFE used.

Time N, Noor IG Dp(Npax) G.M.
(cm™%) (um) (um)
12:48 . 8103 0.787 ON 0.107 0.0917
13:56 8135 0.790 ON 0.093 0.0906
14:45 9622 0.934 OFF 0.107-0.124 0.0897
15:38 9175 0.891 ON 0.093-0.107 0.0911
16:36 10300 1.000 OFF 0.093-0.107 0.0890

N stands for aerosol concentration. N represents the

nor
normalized aerosol concentration relative to the maximum N
measured. The symbol IG stands for ion-generator. DP(Nmax)
represents the diameter corresponding to the maximum aerosol
concentration in the aerosol cloud. G.M. stands for

geometric mean.
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APPENDIX

The detailed analytical and graphical procedure used to deal with
asymmetric aerosol charge distributions has been published elsewhere (Johnston
1983). The following are some definitions to clarify the meaning of Figure 9.
derived from Figure 8, using Johnston's procedure. For further information
the reader is urged to refer to the original publication.

The symbol A stands for A-type experimental 'run'. and indicates data
obtain;d when both channels of the split-flow elutriator (SFE) are directed to
the aerosol counﬁer. e.g., CNC (see configuration X of Figure 2). Data
tabulated under A represent values of the tangent intercept points from the
type A curve.

The symbols BY and B~ refer to data obtained when the aerosol counter
samplgs from the ex;t channel on the side of the positive and negative
electrode of the SFE. respectively (see configuration Y of Figure 2). Data
tabulated under B* and B” curves represent values of the tangent intercept
points on the type B' and B~ curves. respectively (see Figure 9). (Note:
Because of space limitations and simplicity. Tables for A. B' and B~ are not

included in this paper.)






