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ABSTRACT

The study presents results of the measurementseddtimospheric nitrogen dioxide concentration and
simultaneous meteorological variables: average ¢eatpre, air pressure, and relative humidity, speed
and wind direction. The data were collected frody 2015 to June 2017 at stations located in Banja
Luka (locality Centre). Nitrogen dioxide is one tife major environmental pollutants which has
negative impact on plants growth, atmospheric ch@gniand climate change. Levels of nitrogen
dioxide in air samples and meteorological varialfdlem urban zone of Banja Luka were determined at
locality, which is highly populated area, with ingive traffic. The study presents average measured
values of nitrogen dioxide, together with maximaldaminimal values and relationship between
nitrogen dioxide and meteorological variables, foe pollution modelling together with meteorologi
variables. Statistical analysis confirms stringrofis, which shows directional connection between
nitrogen dioxide and meteorological variables. €lation between nitrogen dioxide and temperature
(r=-0.207), wind speed (r= -0.130) and relativemidity (r= -0.048) was negative and significant
during the measurement period.
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INTRODUCTION

Nitrogen dioxide (NQ) is one of relatively stable nitrogen oxidesaitmospherdl] and one of the
major environmental pollutants, which belongs t® fdamily of nitrogen oxides (N [2]. Among the
various nitrogen oxides emitted from stationary bastion; nitrogen oxide (NO), nitrous oxide
(N>0), and nitrogen dioxide (N{are stable while NO predominates (over 90%) f8frogen (NQ)
and sulfur (SQ) oxides emissions are primary contributors to aeid, which is associated with a
number of effects including acidification of lakasd streams, accelerated corrosion of buildingd, an
visibility impairment.

In health effects, N@can irritate the lungs and lower resistance tgiratory infection and has
negative impact on plants growth, atmospheric ch@gniand climate change. In the area of ozone
nonattainment, N@and volatile organic compounds (VOCS) react inatmosphere to form ozone, a
photochemical oxidant and a major component of srAdmospheric ozone can cause respiratory
problems by damaging lung tissue and reducing liumgtion. There is a significant influence to
tropospheric N@concentration because of the human activity and taver change near ground [1,
4,5, 2]. It is generally believed that over 80%twe# total NQ emitted to the atmosphere originate at
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sources where fossil fuels and industrial wastesbarned [2]. Air pollution in big cities is proded

in a significant level by road vehicle emissionghvthe modifying influence of meteorological agent
[6]. High NG, levels, combined with ultrafine particles and otbgidants, have become one of the
major air pollution problems in urban areas allrothe world. Nitrogen oxides are one of the main
components of the mixture of pollutants classicadlfierred to as photochemical smog [7]. At higher
concentrations, its presence has been implicatéigeirtorrosion of electrical components, as well as
vegetation damage [2].

Despite the legal obligation, the state of monitgris at a very low level and it is necessary to
improve it in the Republic of Srpska [8, 9]. On titker hand, there is significant amount of puldish
research in the field of air pollution [10, 11, 133, 14, 15, 16, 8, 9, 17]. The present study itgates

the relationship between the concentration of, [d@d meteorological variables, over the period from
July 2015 — June 2017 in Banja Luka, Republic gfs&a, Bosnia and Herzegovina (BiH). This
subject has not been yet studied in this regiaihoagh the recent scientific methodology suggests
there is a correlation between these data in qwes of the world, as already cited above.

Air pollutant agents come from different sourcestustry, agriculture and livestock farming, road an
air traffic, forest fires, natural sources like e@hoes or particles drawn by wind, among otherso Al
a wide variety of elements modify the concentratdrdifferent pollutants, mainly meteorological
agents, but also topography, tree and shrub presbndding distribution or water streams like rise

[6].

A small number of local communities in RepublicSspska perform the control of air pollution, while
monitoring of emissions is not represented to ierg necessary [17]. Numerous studies analysed the
impact of meteorological variables and air qugtig&yameters [18, 19, 20, 21, 22, 23], and resulte we
often uncoordinated or even contradictory.

For example, by examining the effect of air tempemon the concentration PM10, Kassomenos et
al. [24] they get positive correlation values, dbidi et al. [25] obtained negative correlation vesu
One of the explanations for these differences cbeldhe difference in locations of research stydies
timing and similar factors.

It is necessary to take urgent measures in ordeetect pollutants and take actions to improve air
quality in considered areas, primarily to protesalth of people inhabit here [26].

MATERIALS AND METHODS
Location

Monitoring of NQ, concentration pollution along with meteorologiwakiables at locality Center in
Banja Luka is topic of the presented research. Measurements were made in the periods of
intensive traffic and high population in the citypom July 1, 2015 to June 30, 2017. As an
administrative centre of the Republic of Srpsk®iH, Banja Luka is densely populated and found to
be a worst case scenario location suitable forstigation. It is the second largest city in BiHteaf
Sarajevo. Typical sources of air pollution are:timggplants, traffic, foundries, metal-processimgl a
chemical industry, and fireboxes in households, ioipal waste, etc.

Analytical procedure

Teledyne Advanced Pollution Instrumentation, INCARI) Sad Diego, California, United States,
modelT 200 Chemiluminescence NO/MBOyAnalyzej of the range 0-50 ppb / 0-20 ppm, has been
used for measuring of NCGconcentrations. Monitoring of NOwvas performed in accordance with
standard BAS EN 14211, as reference method fombasurement of this oxide [27]. The Model T
200 uses the proven chemiluminescence detectiociple, coupled with state-of-the-art electronics,
allowing accurate and dependable low level measemésifor use as an ambient analyzer or dilution
CEMS monitor.
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Picture 1. Research site (locality Center in Banjka)

Presented data were recorded at the ambiance tatuger Simultaneously, the air pressure, wind
speed and direction and relative humidity were mded at the meteorological monitoring site at the
outer rim of the inner city every day during thedst Results of polluting particles concentration,

obtained during monitoring, were compared with entrvalues defined by regulations regarding air
quality, issues on pollution and air quality cohti®ased on both data and Regulation on air quality
values [28], Directive 2008/50/EC on ambient aialgjy and cleaner air for Europe [29] and standards
recommended by World Health Organization (WHQO) &td countries, an assessment of the current
state will be given. Present study determines éf iireasured values satisfy recommended and limit
values specified by the mentioned legislation.

Statistical analysis

For determination of the interdependence and oglgkiip between nitrogen dioxide of air quality and
meteorological variables, i.e. for pollution modwil together with meteorological variables, the
EXCEL, JASP Computer software [30] and Free Statisboftwarewere used [31] for statistical data
processing. Descriptive statistical operations likean, median, mode, standard deviation (SD),
variance, minimum (min) and maximum (max) have bagplied into analysing of the measured data.
Correlation analysis was performed and the bagpi@shown.

RESULTS AND DISCUSSION

Average values of measured N@re shown in Table 1, together with maximal andimal values,
median, mode, standard deviation and variance. Memual value with the aim of protection of
human health for N during the sampling period of 1 hour is 1E@/n?, period of 24 hours is 85
ug/m* and period 1 year is 4@/n? [29], as prescribed and Directive 2008/50/EC [30]a research
field, it did not exceeded and is 28 2§m® (Table 1).

Although high levels of N@have not been recorded during the investigateidghenumidity during
the analysed period of 68.70%, due to a numbeheifnical reactions in which NGs converted into
nitrogen acid, can affect the increase in harmffielcés caused by the action of MO
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Table 1. Statistical summary of N@nd meteorological variables

NO pg/m®  VWmis DW (A) PPa T(CC) RH%

Mean 28.23 0.3855 148.3 1000 13.13 68.70
Std. Error of Mean 0.2182 0.003907  1.087 0.07512 0.08771 0.1667
Median 21.47 0.2700 79.94 999.4 13.39 72.96
Mode 6.610 0.06000 45.00 998.2 8.240 83.64
Std. Deviation 23.96 0.4291 1194 8.250 9.634 18.31
Variance 574.1 0.1841  1.425e+4 68.07 92.81 335.3
Minimum 0.2000 0.000 0.01000 971.9 -14.04 4.800
Maximum 325.7 5.320 359.9 1021 38.90 97.90

The relationship between N@oncentrations and other meteorological variaiiébe study area was
analysed using correlation analysis. The resultsthaf correlation analysis between the JNO
concentration and at the same time meteorologa@dhbles are shown for the level of significance p
.05, p < .01 and p < .001 (Table 2). Between théarelogical variables of relative humidity and
temperature there is a significant negative catimrlar = -0.610), respectively a significant negat
correlation between the temperature and pressure(q379). By increasing the relative humiditye th
temperature values were reduced, i.e. by reduadiegspre, the temperature has grown. The increase
in temperature has caused the reduction in valpeasisure, and vice versa during the study period.

Table 2. Correlation coefficients between Ns@ncentrations and meteorological variables

NO, ug/n® VW m/s DW (&) PPa T(CC) RH%

Pearson's r —
5 p-value —
NG, pg/m Spearman's rho —
p-value —
Pearson's r -0.13(0*** —
p-value <.001 —
VW m/s Spearman's rho -0.10C*** —
p-value <.001 —
Pearson's r -0.09¢+**  -0.02¢** —
p-value <.001 0.004 —
bW (A) Spearman's rho -0.09€***  -0.08%*** —
p-value <.001 <.001 —
Pearson's r 0.02C* 0.00¢ 0.03&*** —
P Pa p-value 0.02¢ 0.334 <.001 —
Spearman'srho 0.062*** -0.024**  0.021* —
p-value <.001 0.01C 0.01¢ —
Pearson's r -0.207***  0.11¢***  0.065***  -0.37C+** —
T(C) p-value <.001 <.001 <.001 <.001 —
Spearman's rho -0.272%**  0.145**  0.02&** -0.39€*** —
p-value <.001 <.001 0.00z <.001 —
Pearson's r -0.04&**  -0.24Z*** -0.01¢* 0.185***  -0.610*** —
RH % p-value <.001 <.001 0.04C <.001 <.001 —
Spearman's rho -0.06C***  -0.24€***  0.01: 0.167** -0.57¢*** —
p-value <.001 <.001 0.14z <.001 <.001 —

*p<.05,* p<.01, **p<.001
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Correlation between N{and temperature was negative and significant dute study period (r= -
0.207). Concentration of N@ecreasing is followed by temperature increasitsg, applies vice versa
i.e. the temperature decreasing caused increasitiedNQ, concentration. The Graph 1 shows the
dependence of the concentration of D the temperature. Correlation was also confirtmgdhe
Spearman's Rank Correlation Coefficient, duringstiuely period (Table 2; Graph 1).
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Graph 1. Correlation between M€oncentrations and temperature and bagplot

High negative correlation between pénd wind speed was found during the study perod(.130).
Increase of the wind speed is followed by decréad¢O, concentration, and vice versa, during the
study period. The Graph 2 shows the dependendeafancentration of N{Opn the wind speed.

Correlation was also confirmed by the Spearman'kRorrelation Coefficient, shown on bagplot. In
the bivariate case the box of the boxplot changes ¢onvex polygon, the bag of bagplot. In the bag
are 50 percent of all points. The fence separabgsipwithin the fence from points outside. It is
computed by increasing the bag (Table 2; Graph 2).
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Graph 2. Correlation between B@oncentrations and wind speed and bagplot

Correlation between NQand relative humidity was negative during the @etrof study (r= -0.048).
Increasing of relative humidity is followed by loweg of the NQ concentration and vice versa. The
Graph 3 shows the dependence of the concentratiblDe on the atmospheric pressure, during the
study period. Correlation was also confirmed by $pearman's Rank Correlation Coefficient (Table
2; Graph 3).
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Graph 3. Correlation between B@oncentrations and relative humidity amagplot

24-hour average is recommended from World Healtha@ization (WHO) for N@is 85 ug/nt and
period 1 year is 4Qg/m? [28, 29], as well as in Republic of Srpska. Alleothe test area, average
annual value is not exceeded.

CONCLUSION

Simultaneous measurementsNiD, and standard meteorological variables were peddrfrom July
2015 up to June 2017 for one station, locatedeatatality Centre in Banja Luka (urban locationtwit
intensive traffic flow and relative proximity of aegng plants and local industry). Mean annual value
for NO, in a research field and is 28.28/n?. The results obtained for N@vere bellow limits of both
national and international Regulation on air gyalialues. Concentration of NQs found to be
dependent on traffic activities. Statistical aneysonfirms string of rolls, which shows directibna
connection between N@nd meteorological variables. Correlation betwsd€a and temperature (r= -
0.207), wind speed (r= -0.130) and relative humidit -0.048) was negative and significant during
the period of study.

Statistical analysis confirms string of rolls whishow direct connection between air pollution and
meteorological parameters. In winter seasons oedd@mperatures, fuel consumption is higher, great
amounts of nitrogen dioxide that cause winter sraa@gcreated. Winter smog is created by mild air
flow and temperature inversion that disables vaktair flow and diluting of pollution materials in
lower layer of atmosphere.
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