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Abstract: The most abundant and efficient source of air ionization in the lower layer
of the atmosphere is radon. As an alpha emitter, radon plays a crucial role in the earth's
atmospheric electricity. Besides the physical, radon and ions have a significant biological
role concerning human health: radon is a health hazard while the ions are beneficial
ingredients of the air we breathe. In this study, we examined the dynamics of radon and air
ions diurnal change in houses with different floor and windows insulations. Measurements
were made using continual radon monitor Rad-7 and air ion counter CDI-06. Diurnal and
spatial variations of both atmospheric constituents are mutually related and dependent
mostly on radon exhalation potential, meteorological parameters, aerosol concentration and
formation of the temperature inversion layer. Indoor concentrations are related to the
potential for accumulation of radon that is coming from the ground beneath the foundation
and also influenced by external radon concentration that is diffusing through the walls,
doors, and windows. Level of diffusion is depending on insulation. The difference in the
paths by which radon enters the home can be seen by analyzing changes during diurnal
continuous measurements.
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temperature inversion during the night and lowest in

Radon (*?Rn) is radioactive noble gas
generated in the decay chain of the primordial
elements uranium and thorium which can be found
in the soil worldwide. ??Rn decays emitting a-
particle with half-life 3.82 days and it is followed by
a series of four further decays (2 a and 2 B) with
much shorter half-lives. After its ancestor decay,
222Rn penetrates through the ground and moves up
by diffusion and convection toward the surface and
into the air. ??Rn exhalation rate, at the surface, is
driven by weather conditions such as precipitation,
air pressure, the temperature of air and also
permeability, thermal gradient, and humidity of the
soil [1]. Further movement of ??Rn through the
atmosphere is determined by thermal processes.
Diurnal ?22Rn concentration change is driven by
surface soil and air temperature ratio which is
resulting in the highest concentrations during
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the afternoon when upward gas diffusion is highest.
When exhaling from the soil into the air **’Rn can
enter the house interior by pressure-driven flow of
soil gas through openings through the floor and
foundations. If there is no communication with the
outside environment, then it accumulates and can
reach concentrations up to a few of the tens of
thousands of Bq m™. Indoor #2Rn concentration is a
consequence of 222Rn exhalation from the soil and
much less from certain building materials. The ratio
of these two sources depends on underlying soil and
building material. Indoor ?*Rn concentration is
depending on floor insulation from underground
gasses and also from diffusion coefficients of walls,
doors, and windows. Measurements showed that
houses with poor floor insulation and new doors and
windows have very high potential for 222Rn
accumulation. On the other hand, during the night,
near-ground air is rich with ??Rn and as a
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consequence the inversion air layer is forming. If
doors and windows insulation is poor than ?22Rn rich
air can penetrate inside the house. Those two cases
have different dynamics of diurnal ?22Rn change that
is shown in this study.

222Rn is 7.5 times heavier than air and when
inhaled, short-lived #2Rn progeny in the lungs
results in the deposition of a-energy in the cells of
the bronchial epithelium [2]. According to many
epidemiological studies, long term inhalation of
222Rn can be one of the causes of lung cancer [3].
Energy of 222Rn and ??*Ra decays are 5.49 and 6.29
MeV, respectively. Both generate more than 10° ion
pairs in the air per each a-particle. Those primary
ions evolve within microseconds by process of
hydration into complexes that are called small air
ions, cluster ions or charged nano-aerosols (>1 nm).
They consist of one layer of water molecules (4-12)
around central ion that is usually some inorganic
molecule. Those are the smallest ions and the most
important ones due to their mobility and relative
long lifetime which is up to 5-60 s depending on air
pollution [4]. The size categorization of air ions in
small cluster ions 0.36-0.85 nm, big cluster ions
0.85-1.6 nm, intermediate 1.6-7.4 and large ions
7.4-79 nm are provided [4] and [5]. Small air ions
are stable only when carrying only a single
elementary charge that relates mobility with mass.

In the open atmosphere, air ions are generated
by natural sources such as cosmic rays, the
radioactive decay of ???Rn and other radioactive
minerals in the ground (most often “°K). The average
ionization rate in continental areas is approximately
10 ion pairs cm3s? at height of 1m above the
ground. The contribution of cosmic radiation to the
air ion pair generation rate is approximately 20%,
222Rn contributing 65% and residue is attributed to
the decay of mentioned radioactive elements in the
ground [6]. The near-ground ionization rate caused
by background ionization in the open atmosphere on
continental earth is about 10 ion pair's cm=3s? [7].

The atmospheric ion concentration (n*) is
determined by the following balance equation:

n -
({j—t=Q—an‘n+—n‘ﬂZ 1)

where g is the volumetric production rate, Z is the
aerosol number concentration, an ion to ion
recombination coefficient and b is an effective ion-
aerosol attachment coefficient [8] and [9].
Measuring of air ions is very confident indicator of
222Rn concentration and its short term changes [10],
especially in indoor air when there are no other
ionizing sources. Positive vs. negative ions ratio is
known as ,,coefficient of unipolarity” with average
value of n*/n= 1.12 [11,12]. Imbalance between

positive and negative small air ion concentrations is
the consequence of the atmospheric electric
electrode effect in near ground layer and higher
mobility of negative small air ions and thus higher
probability for their removal.

2. MEASURING METHODS AND
INSTRUMENTS

Cylindrical Gerdien condenser is the most
common instrument for the air-ion concentration
measurements. In this experiment Cylindrical
Detector of Air-lons (CDI-06, Figure 1) made in the
Institute of Physics Belgrade, was used.

Figure 1. Cylindrical Detector of Air-lons (CDI-06)

It is a fully automated portable instrument
with the ability to alternatively measure
concentrations of positive and negative air-ions,
temperature (T), pressure (P) and relative humidity
(RH). Instrument consists of sensor and
power/control parts. The sensor part of the CDI-06
consists of 3 cylindrical and coaxially arranged
stainless steel electrodes: measuring (central),
polarizing and shielding electrode. Inter-electrode
space is ventilated by a fan and air-ions of desired
polarity and mobility are forced by an electric field
to deflect to the central measuring electrode and
deliver their charge which is then measured by the
current amplifier. Polarizing voltage is set in a way
that only small air-ions are collected on the central
electrode. Larger ions fly through the electrodes
since their kinetic energy is higher than the
deflecting potential of polarizing electrode [12] and
[13]. Concentration of air-ions (n,) is:
ny =L v

q,Q
where g;= e = £1.602 x 10°° C, Q is the air-flow I,
is current through the central electrode. Absolute
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calibration of current (by electrometer) and airflow
(by hot-wire anemometer) enables absolute
measurements of the air-ion concentrations.
Generated current is amplified, digitalized and
zeroed [13]. Digitalization of CDI output signal
enables programmed auto-zeroing and automatic
long term measurements. Air ion concentrations are
measured in real time and can be used as tracer for
222Rn activity concentration. Since the results are
instantaneous, it is possible to see a fine structure of
changes in concentrations of 222Rn their causes.

Figure 2. Radon continual monitor,
Rad7- Durridge Co, USA

2.1. Rn detector

222Rn activity concentration was measured using
a commercial solid-state alpha detector Electronic
Radon Detector - RAD7 (Durridge Company, 2000).

Instrument was set to measure hour ???Rn
concentrations.

The uncertainty of this instrument depends on
the measuring period and the level of 222Rn activity.
Longest measurement and higher concentration of
222Rn resulting in lower uncertainty. Shortest 22Rn
concentration measurement is 5 minutes in so-called
Sniff mode. This mode is with lowest accuracy but
can be used as ??Rn concentration indicator.
Measurements that take an hour or longer are much

more accurate.

2. MEASUREMENTS AND RESULTS

Measurements were carried out in 3 different
measuring places: an open atmosphere, a house with
poor floor and window insulation (no vapor
membrane) and a house with good insulation of
floor and windows. Aim was to demonstrate air ions
and ?22Rn concentration variations depending on the
quality of floor and windows insulation in dwellings.

First measurements (Fig. 3) were performed in
the open atmosphere in the city of Belgrade, nearby
other two measuring points. Diurnal variation of
both, 222Rn and air ions of both polarities, is obvious
and 2%2Rn concentration is relatively low with an
average value of about 12 Bg m. This value is near
to world average for near ground ionization. Night
maxima are caused by a temperature inversion in the
near-ground atmospheric layer which is visible
almost every night. Open atmosphere is subjected to
the influence of various parameters, so changes in
the concentrations of ions and ??2Rn are not always
simultaneous and interdependent (Fig. 3) as they are
in the indoor air (Figure 4,5).
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Figure 3. Typical daily outdoor 2?Rn and air ion variations
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In the second part of the study, measurements
were done in indoor air. First it was a ground floor
house (Figure 4) which previously contained high
concentrations of ??2Rn until remediation that was
done 3 years ago. Remediation included concreting
and floor insulation from water vapor which
comprehends preventing of penetration of all other
gases from under laying soil into the building. Also,
all windows have been replaced with new ones
(PVC) and walls were additionally insulated due to
better thermal properties. All that provided better
insulation from outdoor air. Since the house was
occupied with inhabitants their activity can be seen
on the graphs where short term changes during room
ventilation are much clearer visible on air ion
concentration lines on the graphs. Coefficient of
unipolarity was 1.3, while during outdoor
measurements it was 1.05. This implies on lower
dust concentration outdoor since this coefficient is

influenced by higher coefficient of aerosol
attachment of negative ions due to their higher
mobility.

In Figure 5, measurements in the house with
no floor insulation and poorly insulated windows are
presented. Hence the assumption follows that the
potential for ?2Rn exhalation in both houses is
similar. Relatively high 22Rn and air ion
concentrations were measured with maxima at dawn
and minima in the afternoon. Also, both measuring
parameters are in high correlation. Except
penetration of 222Rn from the soil below the house,
the influence of higher 22Rn concentrations from the
outside air is present. Weak insulation of the walls
and windows is obvious due to low concentrations
during the day. In well-insulated house, these
differences are less pronounced. Coefficient of ion
unipolarity was 1.2.
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Figure 4. 2-day measurements in a ground floor house with insulated floor
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Figure 5. 3-day measurements in a ground floor house without floor insulation
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Average concentrations of air ions in insulated
house were 465 and 355 ions cm?®, while ???Rn
concentration was 25 Bg m3. At the other hand,
average ion concentrations in un-insulated house
were 1004 and 836 ions cm?® while 2?Rn
concentration was 79 Bq m. 222Rn concentration in
both houses was relatively low and within
acceptable limits, but ?2Rn less pronounced peaks
and significantly higher concentration in un-
insulated house is an obvious example of 22?Rn
behavior in the indoor air.

4. CONCLUSION

Alpha particles from decay of ?22Rn and their
descendants are the main source of the air ion
generation in the lower atmosphere and thus the
concentration of these two air constituents are highly
correlated. This correlation is most visible in indoor
air where the influence of interfering parameters is
small. That way, using air ions as tracers, short term
(order of a few seconds or more) changes of 222Rn
concentration can be detected. Diurnal and spatial
variations of both values are mutually related with
specific diurnal distribution in open atmosphere as
well as in indoor air. House insulation from the
gasses below the house and external air are crucial
for lowering ?22Rn and air ion indoor concentrations.
In insulated house ??Rn concentration was lower
and peaks were less pronounced. House with poor
insulation from outdoor air was subjected to higher
22Rn diffusion in and out, resulting in higher
concentrations during the night and lower during the
day. Old houses with typically bad floor insulation
and new windows are prone to ?2Rn accumulation
with small concentration amplitudes while same old
houses with poorly insulating windows have high
night 222Rn concentration peaks.
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TOXR

JHEBHE U ITPOCTOPHE ITPOMEHE KOHIIEHTPAITMJE PAJIOHA
U BEI'OB YTULIAJ HA JOHU3ALIMJY BA3AYXA

Casxerak: HajmpucyTHuju u HajepUKaCHHjH W3BOP jOHHM3ALHWje BazIyxa y
MIpU3eMHOM cIIojy atmocdepe je pamon. Kao anda emutep, panoH urpa npecyaHy yiore y
aTMoc(epcKoM HaelekTpucamy. [lopen Gpusnduke, pagoH 1 jOHH HMajy 3Ha4ajHy OMOJIOMIKY
yIOTy 1O 31paBJbe JbYAW: BHCOKE KOHLEHTpaLHje paJoHa NPEACTaBIbajy OMACHOCT IO
3IIpaBJbe, JIOK Cy jOHH Kao HYCIPOAYKT pacmaza pagoHa KOPHUCHH CACTOjaK Ba3Iyxa KOjH
ynumeMo. Mepema cy BplieHa KopuinhemeM KOHTHHYAIHOT pajoH MoHuTopa “Rad7“ n
Opojaua jona y Bazayxy CDI-06. /lueBHe m mpoctopHe Bapujamuje oba atmochepcka
cacrojka melycoOHO cy HoBe3aHe M YIJIaBHOM 3aBHCE O] MOTEHIMjajla pacraja paJoHa,
METEOPOJIOIIKUX IapamMerapa, KOHLEHTpalje aepocosia M CTBapama TeMIlepaTypHOr
HHBEP3HOT cJi0ja y TpU3eMHOM ciojy atMocdepe. KoHreHTpanuje pajoHa y 3aTBOPCHOM
MIPOCTOPY MOBE3aHEe Cy ca aKkyMyJalujoM pajoHa KOjH JI0Ja3M M3 TJa UCIOJ 3rpaje Kao u
ca CIoJhalll-OM KOHIICHTPALMjOM PajioHa KOju AU(YHIYyje KpO3 3HAOBE, BpaTa U MPO3ope.
Pasnmika myteBa Ha KOjH paJioH ynas y Kylly Moxe ce BHICTH aHAJIM30M IPOMEHa TOKOM
JHEeBHUX KOHTHHYATHHX Mepema.

Kmbyune peum: pamoH, aTMOC(epcKH jOHW, jOHH3aIMja, aTMocdepa, Bas3IyX,
TPUPOAHA PATUOAKTUBHOCT.
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