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Abstract

Our experiment was conducted during the summer (seven days) in the seaside recreation area of Cu-
ronian Spit, Lithuania, with a view to observe the dispersion of ozone (O,) and nitrogen dioxide (NO,) in
this territory. In addition, the meteorological parameters (ambient temperature, relative air humidity, wind
velocity, and direction) were recorded in order to assess the influence of these parameters on the changes
in pollutants in the Curonian Spit. During the experiment, the ozone concentration in the spit varied from 5
to 130 pg/m?, while the concentration of nitrogen dioxide varied from 1 to 34 pg/m®. It was found that the
meteorological parameters influenced the changes in the levels of ozone. The investigation data showed that
such meteorological parameters as temperature and relative humidity had the most important influence on
ozone concentration variations (r = 0.619 (p<0.05); r = 0.612 (p<0.05), respectively). The changes in the
level of nitrogen dioxide have been mostly influenced by traffic intensity. O, and NO, were inversely related.
The ozone concentration in Juodkranté and Preila was higher by 37% than that measured in Klaipéda, while

the nitrogen dioxide concentration was lower by 43%. The formation of ozone in the troposphere begins

with NO, photolysis, after which the NO quickly reacts with ozone to regenerate the NO,.
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Introduction

The major part of inorganic pollutants is emitted to air
from the energy and industrial sectors as well as vehicles
[1, 2]. In the largest cities of Lithuania, motor vehicles
generate up to 80% of all pollutants emitted to the atmos-
phere; the major part of these pollutants is nitrogen oxides
(NO)) [3]. The highest one-hour NO, concentration in the
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places where traffic is the most intensive in Lithuania is
up to 170 pug/m? [4]. Collections of nitrogen compounds
have became one of the most serious ecological problems
causing negative local, regional, and global processes [5].
An important source of NO, is NO oxidation chemical
processes occurring in the atmosphere [6]. As a result of
reactions of nitrogen oxides with hydrocarbons occurring
in the air due to solar radiation, the strong photochemical
oxidants, e.g., ozone, which cause photochemical smog in
the lower atmospheric layer, rise [7]. In accordance with
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the requirements of the legislation of the EU and Lithuania
(2008/50/EC), the annual limit value (40 ug/m?) and one-
hour limit value (200 pg/m?) shall be applied to the nitro-
gen dioxide (NO,) concentration.

Ozone is the most important photochemical oxidant in
the troposphere. The most significant variation in ozone
concentration takes place in the layer of the troposphere
up to 250 meters, i.e., on the ground level of the atmos-
phere. Ozone is very active in this layer. It participates in
the following chemical processes: oxidation, acidification,
formation of acrosols, and photochemical smog [8, 9]. The
ozone level variations mainly depend on the precursor
emission characteristics, concentration of different pollut-
ants, and meteorological conditions [10-12]. The surface
ozone level in Lithuania is lower if compared with that in
Central Europe [13]. The World Health Organization rec-
ommends considering 65 pg/m? as the limit value of ozone
concentration, since ozone-sensitive plants are damaged
when this limit value is exceeded [14]. In Lithuania, such
a level of ground-level ozone concentration remains for
a third of the vegetation period. Long-term studies car-
ried out in Lithuania show that the ozone concentration
exceeding 100 pg/m? in the air of the atmosphere stays
approximately for only 9% of the time [15]. Pursuant to
directive 2008/50/EC, the EU member states must inform
the public when the one-hour average ozone concentration
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Fig. 1. Location of the study site (Curonian spit, Lithuania).

in the air reaches the limit of 180 pg/m?>. In order to protect
human health, the ozone concentration in the ambient air
shall not exceed 120 pug/m? on more than 25 days per cal-
endar year averaged over three years [16].

Meteorological factors have a significant influence on
air quality in cities [17]. Calm, mist, drizzle, and tempera-
ture inversion (which is mostly observed at night, when
the weather is calm and fine) provide favourable condi-
tions for concentrating the pollutants on the ground level
of the atmosphere so that air pollution may significantly
increase in such cases [18]. Photochemical reactions are
the most intensive on sunny and warm days, therefore the
highest tropospheric ozone concentrations usually occur
during the summer season and at noon [19-21].

The rainy, wet weather with high relative humidity is
typically associated with the low ozone levels provided
by less intensive photochemical production and, possi-
bly, by ozone deposition on water droplets [22]. Windy
weather can influence ozone concentration near the sur-
face in a different way. Strong wind disperses air pollut-
ants and decreases the concentrations of 0zone precursors,
therefore calm days are more favourable for its produc-
tion [23]. If the ozone chemical budget in the boundary
layer is negative, vertical transport transfers ozone-rich air
from aloft downwards, and surface ozone concentrations
correlate positively with wind speed [24]. The changes in
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Table 1. Basic characteristics of the experimental site.

ngp ling Site Pollutant Coordinates
site No.

55° 18,096

! NO, 20° 58,814
. 55°18,361°

2 Nida NO, 20°59.155
55° 18,722

3 NO, 20° 59,536
55922575

4 NO,, 0, 21°01,842
. 55°22,590°

5 Preila village NO, 21°02.163
55°22,384

6 NO, 21°03,801°
55°22,168

’ Pervalka NO, 2103919
village 55°24,908

8 NO, 21°05,677
Pervalka— .

. 55°26,488

9 Juodkrante NO, 21004311

roud
10 M ?102’103’. | 55°32,339°
eteorologica 21° 06,037
data

Juodkarnté 55°32,548

1 NO, 21°06,810°
55°18,172

12 NO, 20° 58,824
Juodkranté— .

. . 55°40,687

13 Smiltyné NO, 21° 06,789

roud

55° 41,798

14 NO, 21°07,744
Smiltyné 55°41,136

15 village NO, 21°07,816°
55°41,716

16 NO, 21°07,236'
.. 55°41,246'

17 Klaipéda O3 21°10.457

the level of ozone concentration are mostly influenced by
such meteorological factors as ambient temperature, rela-
tive air humidity and wind velocity, while pressure and
rainfall have a less significant effect on variations of ozone
concentration. The strongest correlation of ground-level
ozone production with ambient temperature has been ob-
served, the positive correlation coefficient has been found
between these parameters, while the correlation between
ozone production and wind velocity and direction, pres-
sure, and cloud abundance is weaker and negative [25,
26]. In Europe, the highest ozone concentrations take
place in summer under stable high-pressure systems with
clear skies [15]. Major meteorological elements affecting
the concentration of nitrogen oxides in the air are wind di-
rection, wind velocity, air temperature and relative air hu-

midity [27]. Laurinaviciené [28] has noticed that changes
in the level of nitrogen dioxide concentration mostly de-
pend on wind velocity and rainfall rather than on tempera-
ture.

Nitrogen dioxide (NO,) is a very dangerous pollutant
due to its high toxicity [29]. Nitrogen oxides and ozone
strongly sensitize lungs. Both wet and dry nitrogen di-
oxide emissions are harmful because they destroy plants
and deteriorate the quality of soil, building materials, and
water bodies [30]. When nitrogen dioxide enters the hu-
man body, it irritates the respiratory tract and may result in
breathing difficulties when nitrogen dioxide concentration
in the air meets 140 pg/m*. Exposure to nitrogen dioxide
usually results in bronchitis, pneumonia, asthma, chronic
obstructive pulmonary disease, etc., in humans [31].

It is known that ozone has a negative effect on metals,
building materials, rubber, polymeric materials, lacquered
materials, etc. [32]. Ozone also has a negative impact on
plants, animals, and human health [11]. It is believed that
the cereal crop has decreased by 5-10% due to the effect of
ozone in Lithuania. Ozone may cause respiratory failure,
a dry cough, pain when inhaling deeply, chest aches, and
sometimes even nausea in humans [33, 34].

Variation in ozone and nitrogen dioxide concentrations
was analysed in the Curonian Spit, in the western part of
Lithuania.

The Curonian Spit is in western Lithuania and covers
Neringa and Klaipéda Municipalities. There is the Baltic
Sea to the west and the Curonian Lagoon to the east of
the Curonian Spit. To the south lies the state border of the
Republic of Lithuania with the Russian Federation. Ner-
inga Municipality is unique, since its entire territory is in
the territory of Curonian Spit National Park, which is in-
cluded in the UNESCO World Heritage List. Significant
economic activities are not allowed due to the exclusivity
of the territory. Agricultural activity also is not performed
because the purpose of forests is recreational and environ-
mental. One of the most influential factors occurring in
the described territory is the adverse effect on the envi-
ronment as well as natural and cultural values in this terri-
tory related to increasing urbanization as well as increas-
ing flows of visitors, particularly those of vehicles. Due to
identity and exclusivity of the territory, it is necessary to
observe the changes in the air quality in this territory.

The goal of our study is to determine the distribution
of ozone and nitrogen dioxide concentrations in the inves-
tigated seaside recreation area environment and to assess
the influence of meteorological parameters on the changes
in the levels of these pollutants.

Investigation Methodology
Sampling Site
The experiment was carried out in July over seven
days. The Curonian Spit is situated in the western part

of Lithuania. It is a 98 km long, thin, curved sand-dune
spit that separates the Curonian Lagoon from the Baltic
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Sea coast (Fig. 1). During the experiment, the variation in
ozone and nitrogen dioxide as well as meteorological pa-
rameters (temperature, relative humidity, wind speed, and
direction) was analysed.

The ozone concentration measurements were carried
out in Juodkranté at the site which is ~100 m from the
Baltic Sea and ~1.5 km from the Curonian Lagoon. The
data on the ozone concentrations (one-hour average val-
ues) received from the Air Monitoring Station located in
Klaipéda and the Air Monitoring Station in Preila was
used for analysis.

A sampling of NO, was performed by employing the
diffusion tubes. The places near the main road, in the
towns and villages of the spit, and in the surrounding area
were selected as the measuring sites. In total, 16 sampling
sites scattered across the study area of the spit were ana-
lysed (Fig. 1, Table 1). In each of the sampling sites, two
co-located diffusive samplers of the same type were ac-
tively exposed for a period of one week.

Sampling Methodology

The ozone concentrations in Juodkranté, Preila, and
Klaipéda were measured continuously by using the com-
mercial ozone analysers. Functioning of such analysers
is based on the principle of ultraviolet absorption. The
ozone concentration was measured continuously and the
data was presented as a one-hour average. Data were au-
tomatically recorded in the computer. The precision of the
measurements was 2 pg/m’. The range of measurements
made by using ozone analysers was 0-2,000 pug/m?3, while
measurement sensitivity was 2 pg/m?3. The air was sucked
through the Teflon lines and the sample flow rate was
1.5 I/min. The analogue signal was converted into a digital
signal by means of an ADC-16 converter, which allowed

140

us to monitor data directly using such applications as Pi-
coLog and Microsoft Excel.

Meteorological parameters were observed during the
experiment in sampling site No. 10 (Fig. 2, Table 1). Tem-
perature, relative humidity, wind speed, and wind direc-
tion were measured using the PC Radio Weather Station,
and the data was automatically entered in the computer.
The temperature was measured within the range -30.0
to 70°C (with accuracy of £1°C), relative humidity var-
ied within the range 20-100%, wind speed was measured
within the range 0-60 m/s with an accuracy of 0.3 m/s,
and wind direction resolution was 5°.

Passive samplers were used for measuring the nitrogen
dioxide concentration. The Palmes-type diffusion tube for
nitrogen dioxide is a passive device requiring no power
for its operation. It collects NO, by means of molecular
diffusion, which takes place along the inert tube to an ab-
sorbent (in this case, triethanolamine (TEA)). The sampler
consists of a polypropylene tube (21 mm internal diam-
eter and 34 cm long) and stainless steel wire mesh. Dur-
ing preparation of the diffusive tubes, the stainless steel
meshes were impregnated with a 20% solution of TEA in
water. In the sampling site, the samplers were mounted
vertically, and the lower plug was removed at the onset of
sampling in order to allow NO, to be transported by mo-
lecular diffusion upwards the tube to the TEA where it is
retained. The plug was replaced at the end of sampling,
and the exposed sampler was transported to the laborato-
ry for further analysis. The collected pollutant was deter-
mined spectrophotometrically by applying the Saltzmann
method.

During transportation and forwarding for analysis, the
samplers were sealed. Special care was taken at all times
when handling the passive samplers. All samplers were
kept in airtight bags during transportation to and from the
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Fig. 2. Variations in ozone concentration (Juodranté, Preila, Klaipéda), July 11-17, 2010.
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Table 2. Pearson correlations coefficient between O, (three different sites) and meteorological data. T — temperature, R — relative
humidity, W — wind velocity, #, - wind direction. Marked correlations are significant at p < 0.05.

O,-Juodkranté O,-Preila O,-Klaipéda T RH w. w,
O,-Juodkranté 1,000
03-Prei1a 0.785 1,000

O,-Klaipéda 0.787 0.672 1,000

T 0.628 0.534 0.695 1,000

RH -0.633 -0.517 -0.685 -0.943 1,000

W, 0.249 0.267 0.238 0.236 -0.294 1,000

W, 0.089 0.070 0.113 0.096 -0.063 0.010 1,000

field. After exposure, the samplers were kept in the refrig-
erator until preparation for analysis. In order to protect the
samplers from meteorological factors and to reduce the ef-
fects of wind, special casings were installed at the measur-
ing sites. The bottom of the casing was left open to ensure
entry of air into the sampler. For security reasons and in
order to represent the near-human exposure dimension, the
samplers in casings were fixed at 3.5 m above the ground.
The area selected for exposure of the samplers was open,
free from any buildings, trees and other objects (at least 1
m from any structures that could disrupt airflow).

Statistical Data Processing
and Quality Assurance

All ozone analysers were calibrated at the beginning of
research. During the testing period two unopened control
samplers intended for determining nitrogen dioxide were
left in the storage location (in a cool dark place). In ad-
dition, during the testing period two unopened samplers
were transported for the purposes of control of the proc-
ess of samplers’ transportation. After the sampling peri-
od, both the control samplers and those that have been ex-
posed were forwarded for laboratory analysis.

Statistical data analysis was performed using such
applications as Microsoft Excel, STATISTICA 8.0,
and MapViewer. The results including the mean values
with the values of standard deviations were represented
graphically.

Results and Discussion

Variation of Ozone Concentration
in the Curonian Spit

Dynamics of the ozone concentration and the influence
of meteorological parameters on the changes in the level
of this pollutant in the Curonian Spit were analysed for
seven days. Variation of ozone concentration is presented
in Fig. 2.

During the study, the changes in ozone concentration
were analysed in two sites (Juodkranté and Preila) and in

Klaipéda. During the study period, the ozone concentra-
tion varied from 20 to 130 pg/m’ in Juodkranté, within
the range of 5-124 pg/m? in Preila, and within the range
of 9-124 pg/m? in Klaipéda. The measured values of the
ozone concentration in Preila and Juodranté (sampling site
Nos. 4 and 10) were very similar. These sampling sites
are under the influence of climatic conditions of the Bal-
tic Sea; both of them are far away from a major traffic
road and are separated by a distance of 15 km. The differ-
ence between the average ozone concentration in Preila
and Juodkranté (sampling site Nos. 4 and 10) and the av-
erage concentration measured in Klaipéda (sampling site
No. 17) was statistically significant (p < 0.05). The ozone
concentrations in Juodkranté and Preila were higher by
37% than that measured in Klaipéda, while nitrogen di-
oxide concentration was lower by 43% (Fig. 3). Such a
distribution of ozone concentration in Klaipéda could be
determined by the fact that this site is close to the road
where traffic is more intensive. It is known that traffic is
the main source of nitrogen dioxide [3]. This significant
increase of ozone in the Curonian Spit could be attributed
to the decrease of NO,_emissions, particularly NO. Under
the lower NO concentrations, less ozone is consumed to
oxidize this pollutant into NO, [7, 11].

90 83,54 83.21
80
70
60
50
40
30
20
10

Concentration, pg/m?

Juodkranté Preila

Klapeda

mNO, =03

Fig. 3. Different average concentrations of ozone and nitrogen
dioxide in the Curonion Spit and Klaipeda.
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Fig. 4. Variations of daytime average ozone concentrations in the Curonion Spit and Klaipeda.

Highly expressed diurnal variations of ground-level a.m. Along with increases in solar radiation and tempera-
ozone concentration are common. Diurnal variations in ture, photochemical reactions become more active, ozone
ozone show a single peak (Fig. 4). The ozone concentra- concentrations begin to increase, and they peak around 3-7
tions reach a minimum value before sunrise, around 6-7 p-m. Higher temperature and stronger solar radiation pro-
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Fig. 5. a)Temperature and relative humidity, b) wind speed, and c) direction in the Curonian Spit.
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Table 3. Traffic intensity in the research area.

Traffic Description of traffic Exposure sites of
intensity intensity passive samplers
1 Low traffic intensity 2,4, 11
) Av;rage t.rafﬁc 3.5.6.8. 10
intensity
3 Intensive traffic 1,7,9,12, 13,16
4 Very intensive traffic 14,15

mote formation of O, and lead to the peak of concentra-

tion.

Previous studies [22, 35-37] have shown and our re-
search confirmed that the diurnal ozone cycle consists of
four phases:

1) Concentrations of ozone and its precursors decrease
slowly, with ozone concentrations low and precursor
concentrations high compared with those during the
daytime.
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Fig. 6. The change in NO, concentration variation on the Curoni-
an Spit as investigated by diffusive samplers.

2) As a result of the morning peak traffic, the concentra-
tion of NO increases rapidly, but solar radiation is still
weak during this period, indicating that ozone concen-
tration decreases due to the reaction with NO.

3) Around 9 a.m., due to the increases in solar radiation
and temperature, ozone forms through photolysis of
NO,; additionally, atmospheric vertical diffusion is
active during this period; thus, ozone at high altitudes
is transported to the ground, leading to increased
concentrations of ozone.

4) Concentration of ozone decreases rapidly due to the
decrease in solar radiation and reaction with NO
during the evening peak traffic.

The analysis of meteorological parameters (temper-
ature, relative humidity, wind speed, and direction) was
performed for assessing ozone and nitrogen dioxide dis-
persion peculiarities on the Curonian Spit. The changes of
meteorological parameters are presented in Fig. 5.

During the experiment, the temperature varied from
20 to 36°C, while the relative humidity varied from 32 to
100%. The maximum relative humidity was determined
before the sunrise when the lowest air temperature was
recorded. During the study period, the wind direction was
variable. The low-speed winds were dominant, and wind
speed higher than 4 m/s was recorded only for 6% of the
entire time; calm was recorded for 20% of the time, and
1-4 m/s wind blew for 68% of the time. During the study
period, the direction of prevailing wind was southeast, to-
ward the sea side (35%).

Each meteorological factor plays a unique role in ex-
plaining variations in ozone through its own particular re-
sponse or effect [12, 25]. The correlation coefficient (r)
between ozone concentration and meteorological factors
was calculated (Table 2). Ozone concentrations increase
with increasing temperatures (» = 0.619, p<0.05), whereas
humidity has a different impact on concentration of ozone,
i.e., the calculated correlation coefficient was negative
(r = -0.612, p<0.05). Higher humidity levels are usually
associated with greater cloud abundance and atmospher-
ic instability, the photochemical process is slowed, and
ground-level ozone is depleted [25]. A weak correlation
was found between ozone concentration and wind speed
as well as direction. Gong [17] has indicated that the in-
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Fig. 7. Average concentrations of NO, in different traffic intensi-
ties.



802

Vasiliauskiene V., et al.

fluence of precipitation, air temperature, surface pressure,
water vapour pressure, and sunshine duration on ambient
air quality is significant.

Spatial Distribution in NO, Concentration

in the Curonian Spit

The Curonian Spit is a unique area with an impressive
landscape. The increasing number of visitors arriving to
the Curonian Spit results in the increased flows of vehicles
in the region, which leads to an increase of NO, air pollu-
tion. Fig. 6 shows the levels of NO, concentration meas-
ured using diffusive samplers, i.e., the average concentra-
tions during the exposure period.

NO, concentration in the Curonian Spit varied from 3
to 30 pug/m3. The concentrations determined in Smiltyné
were three times higher than those in Juodkranté. The in-
crease was recorded where there is intensive traffic and
congestion of vehicles, i.c., near the ferry (exposure site
No. 16), and is associated with the emissions of vehicles.
In order to assess the transport impact on the changes of
NO, concentration, the flows of car traffic were divided
according to four different intensity levels.

In the spit, distribution of NO, concentration was
uneven next to the roads of different traffic intensities.
The concentration next to the intensive traffic roads was
5.4 times higher than that next to the low-traffic roads. The
highest levels of nitrogen dioxide concentration were de-
termined in Smiltyné, next to the ferry (sampler exposure
sites Nos. 14, 15), where not only intensive car traffic but
also the ferry boats influence NO, production.

It has been found that nitrogen dioxide concentration
next to the roads of different traffic intensity were distrib-
uted during the period of the experiment according to the
polynomial law (Fig. 7). The correlation coefficient calcu-
lated between nitrogen dioxide concentration and traffic
intensity is 0.98 [3].

Conclusions

In this study we investigated surface ozone and its
precursor NO, concentration variability and trends in the
seaside recreation area environment (the Curonion Spit,
Lithuania). The average ozone concentration determined
in the Curonian Spit during the period of experiment (in
July) was 83 pg/m?. The ozone concentration in Juodkranté
and Preila was higher by 37% than that measured in
Klaipéda, while NO, concentration was 43% lower. Such
a distribution of ozone concentration in Klaipéda could be
explained by the fact that this site is close to a road where
traffic is more intensive. It is known that traffic is the
main source of NO,. Highly expressed diurnal variations
in ground-level ozone concentration are common. The
measurements have shown that the diurnal ozone cycle
consists of four phases. The ozone concentrations reach
a minimum value before sunrise. Due to the increases in
solar radiation and temperature, photochemical reactions

become more active, ozone concentrations begin to
increase, and they peak around 3-7 p.m.

The investigation data showed that meteorological
parameters such as temperature and relative humidity
had the most important influence on ozone concentration
variation. The changes of ozone concentration in the
spit were mostly influenced by the relative air humidity
(r =-0.612, p<0.05) and ambient temperature (» = 0.619,
p<0.05).

During the study period, the nitrogen dioxide concentra-
tion determined by applying the passive sampling method
in the spit varied within the range 2.15 to 42.05 pg/m?. The
highest levels of nitrogen dioxide were recorded near roads
with the intensive traffic, while the lowest levels of nitrogen
dioxide were found in areas far from the flow of cars.
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