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This work was aimed to search for a correlation between outdoor 222Rn air concentration and
210Pb activity in particulate samples collected on a filter. The existence of a correlation could
support the hypothesis that both 222Rn and its long-lived product 21°Pb are embedded into
the same air masses and undergo the same air transport phenomena. Lead-210 activity was
determined by means of gamma ray spectrometric measurement carried out a few days after
the sampling whereas 222Rn concentration was measured through a commercial monitor. Ex-
perimental tests allowed to obtain a weak correlation between 222Rn and 210Pb air concentra-
tion as a preliminary result due to high uncertainties of outdoor 222Rn concentration mea-

surements.
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INTRODUCTION

Radioactivity measurement of air particulates
collected on filter is a standard method used in environ-
mental monitoring to evaluate air concentration of both
natural and artificial gamma-emitting radionuclides.
Over the last years, our interest was aimed to study tech-
niques for sampling and measurement of air particulate
matter, with reference to artificial radionuclides from
nuclear accidents or in resuspended dusts as well as nat-
ural species produced by cosmic-ray interactions with
the atmosphere and ?*Rn decay products [1-9].

A particular interest has been focussed on >'°Pb
air concentration evaluation both as a tracer to study
atmospheric aerosol transport and for its contribution
to population dose from internal irradiation [5, 10-12].
Airborne activity of 2!°Pb (half-life, 7} , =22.3 year),a
daughter product in the 233U decay series, is mainly
produced by the short-lived decay products of >?Rn
(T,/,=3.8d), inertradioactive gas emanates from soils
and building materials into the atmosphere. Once pro-
duced, #?’Rn short lived daughters (*'®Po, T}/, = 3.05
min; 21Pb, T, =26.8 min; 2*Bi, T} , = 19.9 min) and
210ph become attached to the aerosols particles and
their concentrations change as a result of the move-
ment of air masses.

* Corresponding author; e-mail: elio.tomarchio@unipa.it

Due to its half-life, 2!°Pb can be practically con-
sidered the final product of >??Rn decay, and therefore
its activity can be correlated with the outdoor 2*’Rn
concentration. In a previous work [10] a relationship
between airborne 2!°Pb concentration and wind direc-
tion was highlighted. Indeed, the lowest average val-
ues of 2!°Pb concentration were observed in corre-
spondence to wind directions bringing maritime air
masses. The existence of a correlation could support
the hypothesis that both ?2?Rn and its long-lived prod-
uct 2!°Pb are embedded into the same air masses and
thus undergo the same air transport phenomena.

Some correlations were already established for
indoor air, where it is fairly easy to find reliable >?’Rn
measurement instruments [13-17], while few studies
were concerned outdoor environments [e. g., 18].

The most widespread measurement techniques
adopted to evaluate >!°Pb air activity concentration
differ in analysis and sample preparation methods, and
some of them involve complex chemical separation
processes of 2!°Pb from its daughters [19-22]. Such
techniques permit the 21°Pb activity determination by
detecting 1.2 MeV a-emission of daughter >'°Bi
(T,,=5.0 days), in equilibrium with 2!°Pb after about
30 days, or 5.3 MeV a-emission of its grand daughter
210po (T, ,= 138.4 days). However, the high detection
limit of the B-counting technique needs of high level of
activity, while a-spectrometry has the disadvantage of
a long delay period between sampling and measure-
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ment to reach equilibrium between activities of 2!°Pb
and 2'Po [19-22].

The availability of a high-volume air sampler
and a low background planar HPGe detector, allows
evaluation of 2!°Pb activity on filter through a direct
y-ray spectrometric measurement carried out a few
days after the sampling. A description of y-ray spectro-
metric system besides sampling and measurement
methods have already been reported in previous works
[1-6, 9, 10].

The aim of this study is to verify a possible corre-
lation between measurements of 2!°Pb activity in par-
ticulate samples collected on filter with outdoor *’Rn
air concentration. Experimental tests have allowed to
obtain a weak correlation between 22?Rn and 2!°Pb
concentration in outdoor air as a preliminary result due
to high uncertainties of outdoor >>’Rn concentration
measurements.

MATERIALS AND METHODS
Air particulate samplings

Outdoor particulate samplings were collected on
cellulose filter paper by means of a high-volume air
sampler (HVAS) located on the roof of department
building, about 20 m above the ground level [3]. Partic-
ulate collection was performed by suction atmospheric
air through a 45 cm x 45 cm Sofiltra Poelman HYN-75
(Bleu type) cellulose filter paper mounted vertically
in HVAS, with a flow-rate ofabout 900 m*h~!. The fil-
ter, after the sampling, was cut into strips, folded and
pressed to obtain a ,,packet-sample” geometry with 6
cm X 6 cm X 0.7 cm dimensions [1-6].

Sampling on almost daily basis (14 h, from 7 p. m.
to 8 a. m. the following day, GMT time, about 12,000 m?
volume of air filtered) was carried out for a period of
about 6 months, mainly in the Winter and Spring months.

Air-flow rate was determined through a Flow
Meter Turbine calibrated by the manufacturer (Flow
Tecnologies Inc.) in the measurement range with a
specification of a combined uncertainty of no more
than 1 % in the air volume sampled. However, air flow
rate varied with the suction time and to check the varia-
tion, the flow rate was measured using a microproces-
sor-based electronic circuit designed for detecting and
conditioning impulse signals from a magnetic pick-off
device mounted on the Flow Meter Turbine. The out-
put low-amplitude signals were converted to 10 V
pulses and recorded by means of a PC-based
multi-channel scaler (MCS Silena EMCAPLUS) with
a 30-second dwell time per channel [3].

Gamma ray spectrometric measurements

The air particulate samples were analyzed by a
gamma-ray spectrometric system with an ORTEC™

GLP Series Planar HPGe LEPS detector, 1000 mm?
active area and 7 mm depth, with a 0.254 mm thick be-
ryllium window. The energy resolution (FWHM) was
440 eV at 5.9 keV and 620 eV at 122 keV.

The detector was coupled with an ORTEC™ 672
amplifier and an ORTEC™ 919E EtherNIM multi-
channel Buffer connected into an Ethernet environ-
ment. Data analysis was performed using EG&G
ORTEC™ GammaVision® version7 software [23].
Lead-210 was identified through its gamma emission of
46.5 keV, with an intensity 0f4.23 £ 0.05 % [24]. To re-
duce the background level under 46.5 keV photopeak,
spectrometric measurements were carried out a few
days after the sampling to allow for the decay of
short-lived products of ?Rn and ?*°Rn.

The 46.5 keV efficiency evaluation was per-
formed by measuring a calibrated disk source of
210pp-219Bj, 2.5 cm active diameter, as described in
[25]. Efficiency value of 2.5 +0.12-103 counts per Bq
(5.9 +£0.3-102 counts per 46.5 keV photon) was very
close to the value of 2.27-103 counts per Bq obtained
with other techniques [8].

To determine detection limit (DL) for 46.5 keV
photons and 2!Pb Minimum Detectable Activity
(MDA), a blank filter was counted for the time gener-
ally adopted for filter analysis with LEPS detector
(8:10* s). The relation for paired sample and blank
measurements reported by Currie [26] was adopted
and a value of DL= 27 counts and a MDA = 0.14 Bq
were determined for 2!°Pb activity.

Radon concentration measurements

During the 14-h air samplings, the ambient >>’Rn
concentration level (Cg,) was also monitored by a
Genitron AlphaGuard P2000Q Monitor based on a ion-
ization chamber able to detect low values of ??*Rn con-
centrations in the sampled air (active volume: 0.56 L;
minimum detectable concentration, MDC: 2 Bq m™).
The equipment was placed on the roof of our Depart-
ment, close to the HVAS. Since the counting interval
cannot be set for more than 1 h, the 14 values corre-
sponding to the filter sampling period were added to
find an >*?Rn average concentration in the same refer-
ence period.

To perform some comparative analyses it was
useful to know the equilibrium equivalent concentra-
tion (EEC), i. e., the ??Rn concentration, in equilib-
rium with the short-lived daughters, that would have
the same potential alpha energy per unit volume as the
existing mixture. EEC evaluation can be carried out
through the knowledge of the equilibrium factor (Fg)
according to

EEC=Cy, -Fgq (1)

To this goal, simultaneous measurements of
222Rn concentration by a SILENA PRASSI (Portable
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Radon gas Survey meter) Model 58S, and of Working
Level (WL), a quantity related to the concentration of
the decay products, by a SILENA Radon/Thoron
Daughters Meter (Model 4S), were performed near the
HVAS. PRASSI'S built-in detector is a 2-liter Lucas
cell, with internal walls coated with ZnS(Ag) coupled
with a low gain-drift photomultiplier. The SILENA 4S
Meter is provided with a silicon solid-state detector
able to spectrometric differentiate the alpha emission
of 22Rn and ?*’Rn daughters. For both detectors, an
integration time setting was 4 hours.

RESULTS AND DISCUSSION

The high sampled air volume and use of LEPS
HPGe detector allow to turn out values of 46.5 keV
photopeak count-rate larger than the detection limit of
spectrometric analysis system in direct gamma-ray
measurements performed a few days after the sam-
pling. Figure 1 shows a typical gamma ray spectrum
detected on a particulate sample highlighting 46.5 keV
gamma emission and Bi X-rays.

Outdoor air ??Rn concentration was evaluated
in the same 14 h sampling period by computing, as
above described, an arithmetic average of the values
furnished by AlphaGuard P2000Q during the same fil-
ter sampling time.

For the aims of this work, 222Rn measurements
with overall uncertainty of more than 50 % have not
been taken into account, as well as the evaluation of
222Rn concentration lower than MDC that were con-
sidered unreliable. This resulted in the selection of 118
values that, together with the corresponding 2!°Pb fil-
ter activity evaluations, formed the experimental basis
for the test on the correlation. With reference to nu-
merical values, 222Rn concentrations varied from 2.1
to 11.1 Bqm3, with an average value of 5.4 Bqm and
uncertainties in the range 23 %-47 %. As for 2!Pb, all
measurements were higher than the detection limit,
with activity on filter ranging from 0.3 to 19 Bq. The
derived 2!°Pb air activity concentrations ranged be-
tween 0.05 and 1.3 mBgm 3, with an average value of
0.52 mBgm™ and standard deviations ranging be-
tween 2 % and 16 %.
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Figure 1. Gamma-ray spectrum of a particulate sample
collected on filter and analyzed with LEPS detector
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Figure 2. Correlation between the 14 h-average air
concentrations of **Rn and *'°Pb

The correlation was verified by an interpolation
of the experimental points with a straight line passing
through the origin of the axes (fig. 2), resulting as

Cr, [Bqm ™ 1=90+22C(*'°Pb)[mBqm ]

with C(*'°Pb) the *'°Pb air concentration expressed in
mBgm . The high uncertainty value of the coefficient
was largely related to the statistical precision of the
measurements (reported in fig. 2), of *?Rn concentra-
tion in particular, which low levels go up/down in
value quite rapidly during the sampling time (night
hours).

To confirm the validity of the experimental test,
a comparison of the correlation coefficient with the
value of outdoor air reported in [11] as function of
EEC was carried out. To this goal, an experimental
evaluation of F, was performed in a 5-days test by
using both the SILENA PRASSI ??’Rn monitor and
SILENA Model 4S, which output in terms of WL can
be converted to EEC since, at radioactive equilibrium
between 2*2Rn and its progeny, 1 WL corresponds to
EEC=3.7-103 Bqm3. Figure 3 reported the 2*’Rn con-
centration, EEC and F, values obtained during test
days. The mean value of the equilibrium factor F
was 0.65 £ 0.20, i. e., close to rounded value of 0.6 re-
ported by UNSCEAR [27], and, considering also the
large statistical fluctuation of the measurements, can
be considered comparable with the Kojima [28] best
estimate Fpg = 0.51 £ 0.12. Assuming FE? value of
0.65 for outdoor air, a relationship between >'°Pb con-
centration in air and EEC was obtained
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Figure 3. Values of air *2Rn concentration and EEC
measured near the sampling station, and corresponding
behaviour of equilibrium factor, Fgo. Mean value was
FEQ =0.65+0.20
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C(*"Pb)=72-10" EEC [Bqm™ ]

with a coefficient very close to 7.5-107 reported in
[11], which confirms the consistency of the experi-
mental approach, regardless of uncertainty extent.

An analysis of the causes of uncertainty has been
made with reference to parameters for particulate
sampling and measurements given in [29, 30]. Some
ofthe parameters that may be affected by uncertainties
were already taken into account by the methods used
to determine >'°Pb and ?2’Rn air activity. Among them,
the reproducibility of source positioning and geometry
was assured by adopting the ,,packet-sample” geome-
try and a Plexiglas box inside which was placed on the
filter contained in a polyethylene bag. No correction
for density and atomic composition was required since
the filters, on average, had the same weight and com-
position of the calibration sample.

As regards instability of the gamma-ray spectro-
metric systems, a visual observation leads easily to
identify the 46.5 keV photopeak position while the
counting times have been chosen so to have uncertain-
ties of no more than 20 % in the photopeak area values
even with low activity. Correction for dead time,
pile-up and accidental loss of count were performed
by spectrometric analysis software. More attention de-
serves the filter efficiency, i. e., the ratio between
quantity of particulate effectively withheld by the fil-
ter and total particulate matter filtered. As the absolute
value of 2!°Pb activity depends on filter efficiency, a
verification of the value of 75 % furnished by factory
(Sofiltra Poelman) was needed. Measurements per-
formed on samplings carried out with two filters,
mounted one in front of the other, pointed out an effi-
ciency value for 2!°Pb of 76 % + 5.5 %, with a very
good agreement with the furnished value. The statisti-
cal precision for 2'°Pb measurements is related to
countings with 150,000 s lifetime for the first sample
and 640,000 s lifetime for the second filter (count rate:
2.0 +0.1-107 counts per second).

As already mentioned, uncertainty on air volume
sampled V was furnished by the turbine manufacturer
as AVIV =1 %, corresponding to what indicated by
Makarewicz [30]. More importance had the variation
of the flow rate during the same sampling period. It
points out a quasi-linear time variation of air-flow rate,
with a decrease of about 20 % in 14-hours suction
time. As a relatively significant decrease in flow rate
was noted in the remaining hours of the day, depend-
ing on quantity of particulate matter or weather condi-
tions, it was thought not to extend the sampling for the
entire day.

Finally, 2!°Pb total activity does not provide ex-
actly the value of the 2!°Pb air concentration, as a frac-
tion of activity can be attributed to short-lived 2*?Rn
daughters decay on filter. However, as stated in other
works [10, 11, 31] and confirmed in some outdoor
short-time (1 h) experimental samplings, contribution
of short-lived 2??Rn daughters decay on filter to the
value of 219Pb activity can be considered in almost all

samples negligible, or at most, statistically not signifi-
cant (2-8 %) with respect to the 2!°Pb activity standard
deviation. Therefore, 2!°Pb air activity concentration
measurement procedure described in this work can be
considered reliable and used also in routine monitor-
ing.

CONCLUSIONS

Apreliminary experimental test to verify a corre-
lation between outdoor >22Rn concentration and >'°Pb
activity collected on filter, was presented. The evalua-
tion of 21%Pb air concentration through gamma-ray
spectrometric measurement of air particulate collected
on filter allows to establish a weak correlation with
222Rn concentration in the same sampling time period.
Lead-210 activity above MDA can be surely obtained
by long time (14 h) samplings, and 2!°Pb air activity
concentration measurement procedure can be used
also in routine monitoring of environmental radioac-
tivity. Measurements of outdoor Radon concentration
performed with a commercial >>’Rn monitor were af-
fected by relative high uncertainties, so this result can
be considered only as a preliminary test. Adopting a
222Rn monitor with lower detection limit, uncertainties
can be reduced, and this search can be improved ob-
taining a better correlation degree between outdoor
222Rn air concentration and 2!°Pb activity on filter. The
evidence of correlation could confirm the hypothesis
that both >22Rn and ?!°Pb are embedded in the same air
masses and can be used as a tracer to study atmo-
spheric aerosol transport.
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Emno A.T. TOMAPKHNO

EKCIIEPUMEHTAJIHO OJPEBUBAILE KOPEJAIIMJE U3MEBY
KOHIEHTPALIMJE 222Rn Y CHOJbAIIILOJ CPEAVHUA M AKTUBHOCTH
210pp, y Y30PKOBAHMM YECTUIIAMA BA3YXA

Hawmepa oBor pajia je aa ce ogpean Kopenanuja nuzmMeby KonuenTpauyje >>’Rn y cnosbalimoj
cpenunu u aktuBHocT 2!'Pb y yectuama Basnyxa y3opkoBanum unrepom. [locrojame Kopenanuje 6u
MOTJIO MOAPKATH XUIOTE3Y fia ¢y U “>’Rn u meros pyroxkusehu noromak >'°Pb yrpabenn y ucre mace
Basyxa M j1a TOJJIEXY MCTUM (DEHOMEHMMa TpaHcmopra Basmyxa. Axrtuaoct 2''Pb onpebena je
CIIEKTPOMETPHjOM raMa 3paduerha HEKOIHMKO JIaHa TIOCIIE Y30PKOBamha, 0K je KOHIeHTpaluja >>’Rn Mmepena
IPUMEHOM KOMEPIHUjAJTHOT MOHUTOpPA. EKCIEPUMEHTANIHN TECTOBH Cy KAO MPEJMMUHAPHH PE3YNITAT
noKasanu nocTojame cnabe Kopenauyje u3meby konnentpanuje ?Rn u 21%Pb y Basqyxy yciey Benuke
HECHT'YPHOCTH TIPH MEPEHUMA KOHIEHTpanuje 22?Rn y CHOJbaliib0j CPEUHH.

Kmwyune peuu: 222Rnp, 210pp, Guanitipuparse 8a3oyxa, atimocepcka yeciiuya, 2ama ciieKiipometupuja



