W

o e 27377224in-;?/

DOE/ER/60662-~7

1987

ENVIRONMENT
7-11,

- FOURTH INTERNATIONAL SYMPOSIUM ON
- THE NATURAL RADIATION
. LISBOA, PORTUGAL, DEC.

L4

DE89 009375

RADON-222 AND ITS SHORT-LIVED

*joasoy) Kouafe Aue 10 JUSWUIIAOL) SIS PIIIUN)
34} JO 3SOY} 109[JoI 10 9Je)S AJLIBSS302U J0U Op UKy passaidxs sioyine jo suoruido pue
SMIIA 3y ‘jossay) Aouode Aue IO JUSWUIAAO0D SIILIS PaNu[) Y1 Aq Suuoae] 1o ‘UonEpUIW
-Wood1 “Juawasiopud sy Ajduwn 10 23mNSU0S ALIBSS93U J0G S0P ISIMISYIO 10 ‘I3Injoejnuew
“YIewopern) ‘Oweu sper} Aq 301AIds 10 ‘ssaooxd ‘jonpord [BroIsWWOS dijtdads Aue 03 Uy U
-19§9y "s1y3u poumo Ajarearsd SBuLIUT JOU pnom 3sn SIT 18y} S1U9saIdal JO ‘paso[asip ssa001d
10 ‘onpoxd ‘snjesedde ‘vonewojul Aue Jo ssaujnjasn Io ‘ssoussidwiod ‘Aoeinooe Y3 1o0j ANjiq
-1suodsal 10 upiqer] [eda) Aue sownsse Jo ‘ponduir 1o ssa1dxo ‘Kjueirem Aue sojew ‘saokojdurs
J19Y) Jo Kue Jou ‘Joa1ay) AousBe Aue 10U JUSUILISAOY) S3IBIS PAIIUM) OU) ISYISN JUSWUISAOL)
sojelg panu() ay3 jo Aousde ue Aq porosuods JI0om JO Junodode ue se pasedord sem 1iodol SIYL

JANIVIODSIA

13}

o4

63)

o

Ay
Q wn
[ O
o = 2]
3 [N @)
< < (U] I
B Z w0
[ [e4] H 6] >
N o] < €31 i

[ 35| m A
pa R
— 2z H Z e
n 2l 2 2 ©
8 2 £
&) b @] Z
D o Z ~ e
e 8] - < =
O [ > 4 E
04 (4 a ~
m ] N 3] <

O = Ay
) H -
€ I A
@} 53]
[83] 421
o 24

fy

2

<

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY

SOCORRO, NEW MEXICO 87801 USA

MASTER

DECAY PRODUCTS OF 222RN IN FREE-ION FORM

SHORT TITLE:

A

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



RADON-222 AND ITS DECAY PRODUCTS IN ATTACHED
AND FREE ION FORMS IN THE ATMOSPHERE

MARVIN H. WILKENING
AND
EDWARD McNAMEE

ABSTRACT

The short-lived radionuclides in the radon decay series
account for a major part of the internal dose under normal condi-
tions. While most of this comes from atoms attached to aerosols, a
significant component is due to decay products in the form of
positive ions. In this study the average indoor 222Rpn level of 32
Bg m™3 vielded an activity of about 2 Bg m~3 from the positively
charged ions. Out of a total potential alpha-energy concentration
of 7.1 x 1078 g m~3, the positive decay-product ions accounted for
two percent. The nuclides of the radon decay series are the chief
ionizing agents in the lower atmosphere. The mean indoor 222gn
level in this work produces about 20 x 105 ion pairs m~3 s~1l. This
is sufficient to yield positive and negative ion densities in the
air of 130 x 10° m™3 and conductivity values of about 4 x 10”14
(ohm - m)‘l. The 222Rrp positive ions make up only about 7 ppm of
the total positive ions present. Correlations among the measured.:
quantities are given which aid in the understanding of 222gp
daughters in indoor air.



INTRODUCTION

The contributions of the decay products of 222Rn to the
internal dose depend upon a number of factors including the
degree of equilibrium between radon and the decay products and the
fraction of daughters that exist in free ion or unattached form.

Details regarding the formation and properties of these ions
have been treated previously(1"3). The précesses which allow the
decay product ions to remain for a short time in their positive
charge states, combine with other atoms in associative or chemi-
ionization processes, and provide "clustering" with polar molecules
such as water, have been studied by a number of investigators(4‘6).
Regardless of the mechanisms involved, the fact that radon decay
products begin their existence in the positive ion state makes them
an interesting and important component of the atmosphere.

For normal negative ion densities and aerosol concentrations
attachment processes erceed recombination in typical situations by
a factor of 100 or more. This characteristic of the decay pro-
duct positive ions accounts for the fact that most of the dose from
radon and thoron is from atoms attached to aerosol particles. The
concentration of these ions and their interaction with electrical
parameters in the indoor atmosphere is treated in what follows.

ELECTRICAL PARAMETERS OF THE ATMOSPHERE 2
Ionization. 1Ion pair production rates for the indoor
environment are enhanced due to elevated levels of radon and
thoron. The mean indoor radiation levels in this study produce
about 20 x 106 ion pairs m~3 s~l. This is sufficient to vield
positive and negative ion densities of the order of 130 x 106 m—3,

Conductivity and Ion Densities. With ion densities of the

levels characteristic of indoor air, it can be expected that the
indoor atmosphere is a conducting medium. The conductivity and ion
density of the atmosphere are related as shown in the relation A =
N e k where ] is the total electrical conductivity, N is the small
ion density, k is the mobility, and e is the electronic charge.

The ion densities for positive and negative carriers (N' and N7)
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and the conductivities, A * and R ~, are approximately equal
provided the mobilities are nearly the same as is generally the
case. The mobility of the daughter ions which is a measure of their
drift velocity in electric fields is in the range of 0.25 to 1.50 x

1074 m2 v=1 -1 (7)), qnis puts them in the same class as ordinary

atmospheric small ions(8). It is these "small" ions that are

responsible for electric currents and charge transfer phenomena in
the atmosphere. The radon decay product positive ions make up a
very minor component of the total positive ion density on a purely

numerical basis.

INSTRUMENTATION

Positive and negative atmospheric small-ion concentrations and
conductivity were measured with a Gerdien-type instrument(9).
Radon and thoron concentrations as well as their decay products and
the resulting potential alpha energy concentration (PAEC) were
determined using an electrostatic precipitator system(IO). The
radon daughter positive ions were collected in a Gerdien-type
apparatus similar to the conductivity apparatus except that the
inner collector electrode is replaced by a lucite cylinder covered
by a removable aluminum foll. Positive small ions with preset
lower mobility limits are collected on the foill for a 10-minute

period after which tne daughter ion concentrations are determined
by the Thomas method.

“d

Aerosol concentrations were measured with a condensation
nucleus (CN) counter and for the most recent work, an electrical
aerosol analyzer was used. The CN counter is sensitive to aerosols
in the 0.001 to 0.1 pm range, while the aerosol analyzer has a
range of from 0.0032 to 1.0 4um. Data taken simultaneously
indoors with both instruments vielded a high correlation coeffi-
cient (0.93). A meteorclogical station was operated outdoors near
the building being used.

The sites chosen for this study were intended to provide a
wide spread in values for the parameters being studied rather than
for analysis of radon exposures. Measurements were made at three

indoor locations. One was an unoccupied four-room, single story
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house having concrete block walls and concrete slab floors. Due
to cracks and poor sealing, the mean ventilation rate was
1.8 hr~1(11), The other two rooms were in a campus building; one
was a first floor research laboratory and the other was an
instrumentation and utilities room. _

This study extended over a period of two years, and included

a total of 83 days when data were recorded making both diurnal and
seasonal programs available.

RESULTS
Radon and its Decay Products. Concentrations of radon, the

members of its decay series, and aerosols are highly variable when
examined on a time scale of the order of a day. An example is
shown in Figure 1 which illustrates a midday peak aerosol concen-
tration and large changes in PAEC and aerosol size as well. For
purposes of this study values of the parameters during the early
morning (AM), 0500-0700 Local Standard Time {(LST) and (PM), 1400-
1600 LST were used both to obtain typical high and low wvalues for
the room and to avoid large variation. No data were included from
davs when abnormal weather or unusual indoor events occurred.
Figure 1 also shows that the radon decay product PAEC is a minimum
during midday when aerosol concentrations are highest. Although
the exposure is generally higher when the aerosol concentration
increases, in this case the PAEC is simply following the 222pn -,
which is, as expected, at a minimum during midday.

Radon and decay product levels are shown in Table 1 along with
aerosol concentration and electric parameters. Instrumental errors
in the values shown are of the order of 15%. The standard devia-
tion representing the wvariability in a given parameter is much
larger ranging from 25 to 50% or more. Mean 222gn concentration
drops by a factor of 5 in going from the single story house (Room
1) tc Room 3 on campus. The decreases in the PAEC for the
"attached" daughters is not quite as dramatic for the three rooms
and the exposure levels from the decay product positive ions are
quite low at only 2.4% of that due to the attached daughters and

with only a factor of two decrease between Room 1 and Room 3. Radon



and its daughter radionuclides showed a consistent ratio of 1.4
between AM and PM sampling periods. An average ratio of 8 was
found between indoor and outdoor 222Rrn levels for the three rooms.
This ratio decreased somewhat both for the attached decay products
and the free ions. The data of Table 1 show the broad levels of
2228n ana its decay preducts available for the analysis of the
effects upon the atmospheric parameters.

Since ion-pair production depends priﬁarily upon 222gn and its
decay products, it can be expected that similar trends in positive
and negative conductivities ( )ﬁ'and A7), and the overall ion
densities (N' and N~) would occur as seen in the table also. Again
AM to PM ratios are almost all greater than one averaging 1.4.
Similarly the decay product positive free ions decrease in going
from Room 1 to 3 in much the same manner in spite of their very low
densities. The aerosols, on the other hand, have their primary
source in room interiors and as a result PM values almost always
exceed the AM levels. It can be seen in Figure 1 that aerosol
diameters tend to be larger at night than during daytime hours with
a range of 0.03 to 0.08 ym similar to previous measurements in the
area(l2),

Correlation Studies. Coefficients were calculated for differ-

ent pairs of parameters. The 222gp decay product free ions show a

high correlation with the total positive ion density even though
the free ions are present in quantities amounting to only a few
parts per million. Positive conductivity,}l+, shows a good corre-
lation in the AN hours with the total positive ion density, N', but
large increases in zercoscls in the daytime can reduce the relation
to a negative (inverse) value. 2Aerosol concentrations show strong
negative correlation with the AM ion density (-0.4), conductivity
{(-0.7) and the total PAEC due to the 222gn decay products (-0.9).
As the aercsols become more abundant, ions attach and are lost for
conductance due to a large decrease in mobility. The free ion
concentration shows a high correlation with normal ion densities of
either sign. On the other hand there is a negative (inverse)
correlation between aercsol concentration and conductivity.

Morning (0500-0700) values of 222Rn and the decay products in
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both attached and free ion forms were all higher than afternoon
(1400-1600) levels. The same was true for the total ion densities
(N and N”) and the positive (Rf) electrical conductivity. Aerosol
concentrations though guite variable were usually higher in the
afternoon. Of all parameters measured, only aerosols, positive and
negative conductivity, and total ion densities showed higher values
outdoors than indoors on the average. 222Rn and the attached
daughter product levels indoors exceeded cérresponding outdoor
levels by a factor of 8. The free ions from radon decay play
important roles in the atmosphere both from their contribution to
internal dose as well as for use as tracers in atmospheric
processes.
CONCLUSIONS

The short-lived decay products of 222gp include an important
component that exists as positively charged ions in the atmosphere.
These lons account for only about 2% of the total PAEC associated
with decay product attached to aerosols. Further, the positive
free ions were found to be present in a typical indoor environment
to the extent of only 7 parts per million of the total atmospheric
small ions. The 222gn decay product free ions show a high corre-
lation with the total positive ion density. Aerocsol concentrations
show negative (inverse) correlation with the AM values of ion
density, conductivity and the total PAEC. As the aerosols become
more abundant, ions attach and result in decreased mobility and |
less conductivity. Indoor values of 222pn and the decay products
exceeded outdoor levels by a factor of 8. On the other hand
aerosols, positive and negative conductivity, and the total ion

densities were at lower levels indoors than outdoors.
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Table 1. The decay products of <422Rrn compared with atmospheric
electrical parameters. (1mWL = 2.08 x 10-8 J m~3)

Room 1 Room 2 Room 3 1Indoor Outdoor Ratio
Mean Mean Indr/Outdr

222pn (Bg m~3) 60 23 12 32 4.0 8.0

PAEC-attached 11
(X 1078 g m~3)

(%3}
o)
>
\O
-
H
’_—l
o
]
’.—l

PAEC-free ions 0.25 0.12 0.12 0.16

(X 1078 g m™3)

Aerosols 4.6 14 11 10 17 0.6

(X 10° m"3)

Conductivity, AT 6.6 3.3 2.4 4.1 2.8 1.5

X 10°14 (ohm-m)-1

Conductivity, A~ 8.4 2.4 2.6 4.5 3.1 7 1.5

X 10'14 (ohm—m)"l

Ion density, NT 0.17 0.10 0.13 0.13 0.17 0.8

(X 109 m~3)

Ion density, N~ 0.15 0.14 0.12 0.13 0.15 0.9

(X 10° m~3)

222gn free ions 1420 780 660 950 760 1.2

nT (no. m- )

Ratio: _n; 8.4 7.8 5.0 7.3 4.5 1.6
N

(X 1079}
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Figure 1.

environment.

Typical day-night variation in exposure to
(PAEC) in comparison with aerosol concentration and size in an indoor

(1mWL

= 2.08

x 1078

J m=3).

Rn

decay products




