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This paper presents the study of variation in ozone concentration and volumetric activities of radon decay
products as well as their relationship at the ground level of the atmosphere on the Curonian Spit. The simulta-
neous measurements of the ground-level ozone concentration and volumetric activity of radon progeny gave a
possibility to identify the presence of a breeze phenomenon on the Curonian Spit during an extreme weather
event in summer when ozone concentration exceeded the target value of 120 yg m™* that can have a negative
impact on human health. The evident influence of wind direction on ozone concentration and volumetric ac-

tivity of radon progeny was estimated.
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1. Introduction

Ground-level ozone (O,) is a major constitu-
ent of atmospheric smog that can cause human
health problems. Ozone is mainly produced by
photochemical reactions between nitrogen oxides
(NO,) and volatile organic compounds (VOCs) in
the presence of sunlight [, E]. The ozone level in
a given area depends not only on the ozone source
intensity, but also on the atmospheric stabil-
ity. Atmospheric stability, which is characterized
by temperature change with height, controls the
amount of vertical air mixing. Strong atmospheric
stability tends to reduce the mixing of ground-
level ozone and ozone-forming emissions. During
temperature inversions, the air higher in the at-
mosphere is warmer than the air near the ground
level. Such situation can have influence on the

increase of ozone concentration during daytime
and on its decrease during night time. The local
meteo-climatic conditions and the mixing prop-
erties of the lower atmosphere, which determine
atmospheric stability, can be evaluated by moni-
toring radon and its short-lived decay products
(radon progeny) [@].

The ground-level ozone concentration shows
seasonal and clear diurnal fluctuations. The ozone
concentration in Lithuania mostly varies up to
100-120 pg m™ [ﬁ], and the level of 120 yg m™
is observed only during less than 10% of time
per year and it is usually the result of long-range
transport of polluted air [ﬁ]. It is also estimated
[E, E] that during the sea breeze circulation ozone
concentration can rise up to a high level. The long-
term investigations of ozone concentration on the
Baltic Sea coast showed its clear dependence on
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wind direction and speed [E, ]. However, sea
breezes are not common phenomena in the region
of the Baltic Sea []. It is possible to determine
a breeze not only by the precise measurement of
wind parameters but also by the behaviour of ra-
don and its progeny.

Radon and its progeny have a clear daily vari-
ation corresponding to the diurnal low atmos-
phere layer mixing. When mixing starts from late
morning, volumetric activity decreases, and when
mixing becomes weak in the afternoon, the volu-
metric activity value increases. The measurements
of radon and its progeny and wind intensity give
information about the strength of atmospheric
stability that consequently affects air pollution by
ozone.

Meanwhile, radon concentration is dominant at
the ground level at night due to a decrease of verti-
cal air mixing. However, it is effective only over the
land, since radon gas emanates from soil where it
forms as a result of decay of **Ra. The concentra-
tion of radon and its progeny over the water surface
is very low. Therefore, higher concentration over
the sea was found only in case of air advection from
the land []. The radon concentration in soils is
about 10°Bq - m? [@], whereas over the oceans it is
only about 2 Bq - m’ [].

The aim of the study was to determine relation-
ship between variations in ozone concentration
and volumetric activities of radon progeny in the
air on the Curonian Spit.

2. Methods

Investigations were carried out in the Juodkranté
(55°32'N and 21°06'E) surroundings (Curonian
Spit) in July 2010. The study site is located on the
coast of the Baltic Sea (about 20 m from the sea and
1.5 km from the Curonian Lagoon) (Fig. ).

Ozone concentration and volumetric activity
of radon decay products and meteorological pa-
rameters in the ambient air were continuously
measured by averaging the data of 5 minutes.
Ozone concentration was measured with an ana-
lyser ML9811 (Fig. ). The operation of this ana-
lyser is based on the principle of ultraviolet ab-
sorption. The range of ozone measurements is
0-2000 ug m~, and sensitivity is 2 yg m~. The air
was sucked through a Teflon tube at a flow rate of
1.6 I min™".

Fig. 1. Location of the study site.

The equipment to measure radon decay prod-
ucts [] consists of the filtration device with a ra-
diometer GM-45 and the air volume meter with
a pump. The radiometer GM-45 is a light and ex-
tremely sensitive detector of ionizing radiation. It
contains a Geiger-Miiller counter, which is sensi-
tive to alpha, beta, and gamma radiation. The RAD
(Radiation Acquisition and Display) program is
included in this device. The usage of the RAD pro-
gram enabled data to be stored and transferred into
MS Excel program, where they could be processed.

Electronic stopwatches TS-ED1 were set, and
the time of air suction and of turning on the filter
band were programmed. Having set the time when
the measurements were automatically carried out,
the device could operate continuously. The mea-
surement error was not higher than 6%.

The meteorological parameters (temperature,
relative humidity, wind speed and direction) were
measured by PC Radio Weather Station. The tem-
perature in the range of (-30 °C - +70 °C) was
measured with the accuracy of +1 °C, the wind
speed in the interval of 0-60 m s™ was measured
with the accuracy of +0.3 m s, the wind direc-
tion resolution was 5 degrees, the relative humidity
range was from 20 to 100%, and resolution was 1%.
The temperature, relative humidity, wind speed and
direction sensors were located at the 3.5 m height at
about 20 m from the Baltic Sea.
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Fig. 2. Experimental set-up: 1 ozone analyser, 2 filtration device (2.1 filter band, 2.2 radiometer), 3 air volume
meter, 4 air pump, 5 stopwatches, 6 converter, 7 weather station, 8 PC.

3. Results

Ozone concentration exceeded the level of
120 ug m™ several days during July 2010. One of
episodes was observed during 11-17 July. Extreme
climatic conditions were dominating during this
period. The territory of Lithuania was influenced by
the anticyclone, and air temperature reached 34 °C
and relative humidity varied from 25 to 100%. The
low-speed winds were predominating during these

days, and the wind speed higher than 5 m™' was re-
corded only during 2% of time.

In summer, wind direction from the sea is most
frequently observed during the daytime and the
wind from the continent during night time, as was
observed (Fig. E) at the coastal station in Preila (Cu-
ronian Spit), which is located about 9 km from our
study site.

However, an atypical situation in respect of wind
direction dominated during 11-17 July. The wind

Fig. 3. The frequency of wind
direction during the warm
period at the station in Preila:
(a) frequency of measured
wind during 24 hours from
separate sectors, (b) hours
when the wind from the cor-
responding sector was ob-
served most frequently.
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from the continent, i. e. south-eastern and eastern
(39 and 18% of the observation time, respectively),
was measured, while the winds from the Baltic Sea
(west-northern) blew relatively seldom (30% of the
time).

During this period, ozone concentration and
volumetric activities of radon decay products
showed pronounced diurnal variations (Fig. H)
Volumetric activities of radon short-lived decay
products varied from 2 to 16 Bq m™ and the meas-
ured average volumetric activity of radon decay
products was 7 Bqm™.

The maximum average ozone concentration
was found in the afternoon, while the mini-
mum value was observed at night and early in
the morning. The ozone diurnal course is asso-
ciated with diurnal variations in the vertical air
mixing intensity as well as potential local photo-
chemical ozone production and decay [@]. These
processes are the most effective during daylight
hours when temperature is the highest and rela-
tive humidity is low. At night, not intensive verti-
cal air mixing results in slower ozone transport
and dominates its decay. Volumetric activities
of radon progeny start to increase at 10-11 p.m.
and reach maximum at 5-6 a.m. just before the
sunrise, meanwhile the minimum values are ob-
served at about noon. This might be explained by
the fact that variation in volumetric activities of
radon decay products is influenced by the inten-

sity of air mixing. In the daytime, the sun heats
up the earth surface and the positive temperature
gradient occurs above the surface. In the even-
ing, when the heat of the sun is not so effective,
the positive temperature gradient is constantly
shifting towards the negative gradient. At this
time, increase in volumetric activities of radon
decay products continues and reaches the maxi-
mum value. Such conditions were observed on
11-14 July when the anticyclone dominated over
the Lithuanian territory. Only on 15-16 July the
cyclone approached the territory of Lithuania. The
previous long-term continuous measurements
on the seashore at Preila and Rugsteliskés (con-
tinent) monitoring stations . i showed that
the ozone diurnal course was significantly more
expressed under the conditions of the anticyclone
than of the cyclone. On the continent, ozone con-
centration may decrease down to 1-2 ug m™ at
night and increase up to 120-160 yg m during
the day, and on the seashore this variation is sig-
nificantly smaller.

The volumetric activities of radon decay prod-
ucts decreased during the rainy period. This is be-
cause radon decay products are usually associated
with aerosol particles, which are always in the air,
and the fall washes them out from the air.

It was established that the influence of the rainy
period, i. e. increase of relative humidity in the air,
on variations in ozone concentration was lower than
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Fig. 4. The time course of ozone concentration and radon volumetric activity.
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on volumetric activities of radon decay products.
The negative correlation between ozone concent-
ration and relative humidity was observed.

An analysis of relationship between ozone
concentrations, volumetric activities of radon
short-lived decay products, and wind speed
showed that higher ozone concentration was re-
corded when wind speed was higher. One of the
reasons for such ozone increase may be the higher
values of wind speed and ozone concentration ob-
served in the daytime. The relationship between
ozone concentration and wind speed showed that
the maximum ozone concentration was also ob-
served when wind speed did not exceed 3 m s,
i. e. when the local photochemical production of
ozone could occur. The minimum ozone concent-
ration was recorded during windless nights; the
obtained average ozone concentration under such
conditions was 36 ug m™. Volumetric activities
of radon decay products decreased with thein-
crease of wind speed because radon gas is better
dispersed in the atmosphere. However, it was de-
termined that in this case concentration of radon
decay products was more influenced by wind di-
rection (low-speed winds dominated during the

study).

The influence of wind direction and speed on
variation in ozone concentration (Fig. E) and vol-
umetric activities of radon decay products (Fig. E)
was estimated.

The maximum average value of ozone con-
centration was obtained when wind direction
was from the sea, and the minimum value was
found when the wind was from the continent. The
higher values of ozone concentration when the
wind is blowing from the sea are usually deter-
mined by a slower rate of ozone decay to the sur-
face of water. The dry deposition rate for ozone is
0.53-1.1 mm s to the surface of water, 7 mm s™
to the soil, and it may even exceed 21 mm s™ to a
forest [].

A different situation was observed with radon
progeny activity. The maximum of volumetric ac-
tivity of radon short-lived products was estimat-
ed when the wind was from the continent, and
the minimum was measured when the wind was
from the sea, because the largest source of radon
is soil.

As it has been mentioned above, local winds,
i. e. breezes, is not a frequent phenomenon in the
region of the Baltic Sea and the processes of air
mass transport mostly hide their influence on

Fig. 5. Relationship between ozone concentration and different wind speed and direc-

tion during 11-17 July 2010.
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Fig. 6. Relationship between volumetric activity of radon decay products and different
wind speed and direction during 11-17 July 2010.

the level of pollution. Breezes are variable winds
changing their direction twice a day along the
coastlines of seas. During daylight hours, the land
gets heated up faster than the water surface and a
lower pressure zone forms above the land. There-
fore, a daytime breeze blows from water to the
heated coast. At night, the reverse process occurs:
the land gets cool quicker than the water surface
and the wind direction changes from the land to
the water. Breezes may form on the Baltic seashore
under the conditions of the anticyclone, when the
wind is weak.

Based on the analysis of variations in wind di-
rection and speed, relative humidity, and tempera-
ture, it was established that during several days of
the study, i. e. from 11 to 14 of July, breeze was pre-
sent on the seashore of the Curonian Spit. During
this period, the variations in ozone concentration
and volumetric activities of radon decay products
coincided with the daily periodic change of wind
direction. Such variation in ozone and radon con-
centrations on 11-14 of July may be explained by
the influence of the breeze. Ozone concentration
was approximately 10-15 pg m™ higher than dur-
ing the days when breeze circulation was not ob-
served.

4. Conclusions

1. A clear relationship between ozone concentration
and volumetric activities of radon progeny variations
was observed in the air on the Curonian Spit, espe-
cially during the anticyclone, and their pronounced
inverse diurnal courses were observed. Ozone con-
centration and volumetric activities of radon decay
products decreased during the rainy period. How-
ever, the influence of the increase of relative hu-
midity in the air was lower on variations in ozone
concentration than on volumetric activities of radon
decay products.

2. The evident influence of wind direction on the
time course of ground-level ozone concentration and
volumetric activity of radon progeny was estimated
under the coastal conditions. The simultaneous mea-
surements of ozone concentration and volumetric ac-
tivity of radon progeny gave the possibility to identify
the presence of a breeze phenomenon on the Curo-
nian Spit in summer during extreme weather events.

3. It was found that under extreme weather con-
ditions, the ground-level ozone concentration on the
coast of the Baltic Sea could exceed 120 yg m, i. e.

the level that can have a negative impact on human
health.
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OZONO KONCENTRACIJOS IR RADONO TRUMPAAMZIU SKILIMO PRODUKTU
TURINIO AKTYVUMO KAITA KURSIU NERIJOJE
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Santrauka

Tirta ozono koncentracijos ir radono skilimo produkty
tarinio aktyvumo kaita bei jy tarpusavio rysys atmosfer-
os priezemio sluoksnyje Kursiy nerijoje. Tuo pa¢iu metu
atlikti ozono koncentracijos ir radono skilimo produkty
tarinio aktyvumo matavimai leido 2010 m. liepos mén.
nustatyti brizo reiskinj pajurio zonoje. Nustatyta, kad

esant ekstremalioms oro salygoms ozono koncentraci-
ja Baltijos jiros pakrantéje virsija 120 ug m=, t. y. lygi,
kuris gali zalingai veikti Zmogaus sveikatg. Vertinant
meteorologiniy parametry jtaka ozono koncentraci-
jos ir radono skilimo produkty tarinio aktyvumo eigai
priezemio ore nustatyta, kad didziausig poveikj turéjo
véjo kryptis.
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