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Abstract. The cyclic variance of PM10 mass concentration in the urban area in the South-East of
Romania has been analysed in the article. SE of Romania is considered to be a territory which has
medium level of pollution for a period of last ten years, from 2009 to 2018. The spatial dispersion of
PM10 concentration was obtained using the METI-LIS soft wear for each season. The objective of
dispersion models is to evaluate how pollutant concentration is spread out taking into account the
diffusion. The average measurements of PM10 and meteorological parameters as inputs has been
used. An evident seasonal change of PM10 concentrations is observed in the article. In order to
establish national measures (including economic ones) for the improvement of the atmospheric
pollution control it was analysed the mechanism of atmospheric pollution. It was observed that the
air quality was overall better in spring and in summer in comparison to the other two periods.
With regard to the seasonal variation characteristics of PM10 significant differences for the air
quality registered in different months in the researched region were observed. The impact of air
temperature on atmospheric pollution was insignificant in spring and autumn; moreover,
precipitation was defined as an important influence factor upon the atmospheric pollution. The
impact of precipitation on the possibility of atmospheric pollution was obviously different in the
four seasons. The research results indicate the meteorological parameters that influence the air
pollution become active during the cold seasonal days. It was shown that relative humidity and
wind speed are the meteorological parameters that impact the PM10. It was found out that the
probability of atmospheric pollution decreased with the increase of air temperature in summer.
The research results also testify that the air pollution mapping could be enhanced using
atmospheric dispersion models and in-situ measurements.

Keywords: PM10, air pollution, meteorological parameters, seasonal variation, dispersion model.

1. INTRODUCTION

The paper focuses on the following aspects: (1) characterizing the temporal variations of PM10 in
Brdila, Romania during the interval 2009-2018 and (2) analysing the effect of meteorological parameters
on the dispersion of PM10. In this paper our intention is paid to the analysis of temporal and spatial
dispersion of particulate matter (PM10) and its variation depending on meteorological parameters for
the period of 2009-2018. The detailed analysis of meteorological factors” influence on the atmospheric
pollution describe exactly the pollutants formation mechanism as well as the dispersion of the
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pollutants under different meteorological conditions and ensure the forecasting of the atmospheric
pollution based on meteorological conditions with the aim of decreasing the atmospheric pollution.

The most important atmosphericpollutants include nitrogen dioxide (NO2), Sulphur dioxide (5O2),
particulate matter (PM) and ozone (O3). For several years particulate matter has become one of the
major components of atmospheric pollutants due to its effect on public health, namely due to the
increase of cardiopulmonary morbidity and mortality [1; 2; 3].

PM10 consists of inhalable particles with an aerodynamic diameter less than 10 um. PM10
originates in several sources including industrial emissions, traffic gases and natural dust [4]. Many
studies had shown that PM10 was frequently observed as the most wide-spread atmospheric pollutant
in an urban area. Air quality has acquired an increasingly greater importance in recent years with
respect to the investigation of the formation mechanism of pollutants and their dispersion depending
on certain parameters.

Various studies using air pollutants concentration and meteorological data have concuded that
meteorological conditions have direct effects on the dispersion of atmospheric pollution [5; 6; 7; 8; 9].
Statistical studies have confirmed that there are seasonal and diurnal variations of the atmospheric
pollutants depending on meteorological conditions [10].

The atmospheric pollution may be influenced by meteorological conditions directly (atmospheric
cycle) or indirectly (traffic during working days, increase in energy consumption for heating in cold
seasons) [11; 12; 13].

Meteorological factors have a major importance through the effect of dispersion, transformation
and removal of air pollutants from the atmosphere depending on a series of spatial and temporal
characteristics.

Seasonal and monthly variability of atmospheric pollution has led to the conclusion that the air
quality was the most polluted in spring whereas becoming better in summer with a tendency to
increase in autumn and winter. On the whole, atmospheric temperature was the most important
meteorological parameter influencing PM10, followed by wind speed, relative humidity, atmospheric
pressure and wind direction. Nevertheless, the prevailing meteorological factors that influenced the
atmospheric pollution had a different significance throughout the four seasons [14; 15].

The Directive 2008/50/EC was adopted on 1 January 2008 and according to its stipulations the
maximum accepted values for PM10 in the European Union are 40 ug/m3 while the short-term
maximum value refers to the fact that the 24-hour average of 50 pug/m3 is not to be exceeded more than
35 times a year. EU had assumed many directives and strategies in order to reduce the atmospheric
pollution and to improve air quality [16; 17]. Air pollution is a frequent phenomenon in the developing
countries.

The permanent monitoring of air pollutants concentration as well as the analysis based on the
dependence between meteorological parameters and PM10 would have significant results in reducing
atmospheric pollution.

2. RESULTS

In order to establish national measures for the improvement of the atmospheric pollution control it
is very important to analyse the mechanism of atmospheric pollution.

Hourly PM10 concentration data were collected over a 10 years period from 2009 to 2018 by the
Local Environmental Protection Agency observation stations, which are distributed crosswise the city.
In our study, we analyse the relationships between PM10 and six meteorological parameters: relative
humidity, atmospheric pressure, air temperature, relative humidity, wind speed, wind direction and
precipitation.

The METI-LIS, model ver. 2.03 is a Gaussian dispersion model and calculates, in steps of one hour,
the pollution dispersion in lower atmosphere using the pollutant concentrations and meteorological
data. Wind direction, wind speed and atmospheric stability have a major contribution to dispersion.
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The METI-LIS model includes the downdraft effect, which often influences the atmospheric dispersion
from lower emission sources and gives solutions of simple Gaussian plume and puff formula [18] for
elevated sources [19].

The parameters in the dispersion widths describing the downwash effect are based on that of the
US Environmental Protection Agency’s (EPA) Industrial Source Complex (ISC) model. Sources with
line-shaped characteristics are calculated in the model by numerically integrating the point-source
plume equation (Formula 1),

C(x,y,2) = Q
270,
where C is the concentration (g/m?), x is the downwind distance from the emission source (m), y is the
crosswind distance from the emission plume centreline (m), z is the distance above the ground level
(m), Qs the pollutant emission rate (g/s), He is effective plume-rise height, u is wind speed (m/s), oy is
horizontal dispersion width (P-G curve) (m), o: is vertical dispersion width (P-G curve)(m).

With regard to the seasonal variation characteristics of PM10 there were significant differences for
the air quality registered in different months in Braila. The 2009-2018 air quality was the worst in
December, 36.5 ug/m3and the best in July, 19.5 pg/m?.

Having a seasonal perspective, we can state the fact that the air quality was the best in summer
(June-August). There was a pollution proportion of 20.67% in summer, followed by spring (March -
May) with 24.63% and autumn (September - November), 26.42% on average, respectively. The air
quality was the worst 34.5 %, in winter (December - February) (Table 1). Lower atmospheric pressure,
1008 hPa, resulted in a lower atmospheric pollution in summer, 20.92 pug/m3. When the atmospheric
pressure was lower, the probability of occurrence of the atmospheric pollution was reduced, especially
in summer.
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Air Relative | Atmospheric Wind Wind

PM10 | temperature | Precipitation | humidity pressure direction | speed
ug/ms3 °C I/m? % hPa °nord m/s
Winter 34,50 -1,09 47,53 87,83 1012,58 11,60 8,92
Spring 26,38 12,50 29,31 70,17 1009,50 10,25 4,32
Summer 20,92 23,84 26,50 66,33 1008,08 9,33 1,38
Autumn 25,58 13,63 32,18 76,75 1012,83 11,00 2,75

Tab. 1. Seasonal average of PM10 and meteorological parameters, for 2009 - 2018

The probability of occurrence of the atmospheric pollution increases when atmospheric pressure
increases in spring. Theinfluences of the atmospheric pressure had a similar effect in autumn (1012,83
hPa) and a concentration of 25,58 pg/m? and 34,50 pg/m? in winter with 1012,58 hPa. Lower relative
humidity had the effect of a lower atmospheric pollution in summer whereas higher relative humidity
easily led to atmospheric pollution in other seasons, especially in winter. In summer, relative humidity
had a value of 66.33% and a PM10 concentration of 20,92 pug/m?3. When relative humidity reached
87.83% the probability of atmospheric pollution increased to the maximum in winter, with a 34.50
pg/m3 PM10 concentration.

The probability of occurrence of the atmospheric pollution had a medium level in autumn and in
spring, when relative humidity reached a value close to 70%. In this case the probability of atmospheric
pollution was still smaller in comparison with the winter period. The probability speeds up in
accordance with the increase of relative humidity.

The impact of wind speed on air quality was mainly different in the four seasons. Under the
circumstances of a wind speed around 1.38 m/s, the probability of atmospheric pollution was reduced
in summer. The probability of occurrence of atmospheric pollution was higher when the wind speed
was 8.92m/sin winter. Furthermore, a medium level of the wind speed reached a mean probability of
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atmospheric pollution in spring and summer. For example, in spring the wind speed was 4.32 m/s with
a 26.38 pug/m3 PM 10 concentration while in autumn the wind speed was 2.75 m/s with a PM 10
concentration of 25.58 pg/m?.

Analysing the wind direction, we found that an average of 9.33°north in summer led to a lower air
pollution while 11.60°north, the highest value corresponds to the higher pollution in winter.

The influences of air temperature had significantly different effects in the four seasons. The
atmospheric pollution mainly occurred when air temperature had an average of 1.09°C in winter. This
phenomenon occurs especially when it develops a thermal inversion layer in winter that would cause a
stable atmospheric condition. Consequently, the dispersion of pollutants is reduced and remains
accumulated on the soil surface, in the low atmosphere. Likewise, the atmospheric pollution occurred
when the air temperature was around 20°C. Higher radiation heats urban area in summer.

Atmospheric turbulence and atmospheric instability have a major effect, rapid pollutant dispersion
and diffusion. This phenomenon leads to the conclusion that the probability of atmospheric pollution
decreased with the increase of air temperature in summer. The average value of air temperature in
summer was 23.84°C and the PM10 concentration had a value of 20.92 pg/m3.

The impact of air temperature on atmospheric pollution was insignificant in spring and autumn.
Moreover, precipitation was an important influence factor upon the atmospheric pollution. The impact
of precipitation on the possibility of atmospheric pollution was obviously different in the four seasons.
A larger amount of precipitation resulted in major pollution, whereas a small quantity of precipitation
resulted in lower air pollution. In winter the 2009- 2018 average of precipitation was 47.53 1/m? and the
PM10 concentration was of 34.50 ug/m?3, in comparison with summer when the PM10 concentration
was 20.92 pg/m?® and the precipitation average level was 26.50 1/m?2. In spring the average of
precipitation was 29.31 I/m? while in autumn was 32.18 I/m?2.

The diffusion, dilution and accumulation of the pollutants are influenced by meteorological
conditions. Pollutant concentration depends to a great extent on meteorological conditions even under
the same conditions of pollutant sources. In this paper, the correlation degrees between PM10 and
meteorological factors, including relative humidity, precipitation, atmospheric pressure, air
temperature, wind speed and wind direction were analysed by using the SPSS software (Figure 1).

Correlation coefficient PM10 and Correlation coefficient PM10 and
meteorological factors, Spring 2009-2018 meteorological factors, Summer 2009-2018
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Fig. 1. Correlation of coefficients between PM10 and meteorological factors, 2009 - 2018
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The relationships between PM10 and meteorological factors were complex. The correlation degrees
were particularly influenced by seasons. The dominant meteorological factors influencing the
atmospheric pollution were different in each season. The influence of air temperature on PM10 was
most significant in winter with the worst air quality. Air temperature, wind speed and atmospheric
pressure were the dominant meteorological factors in spring. In addition, the impact of precipitation
should not be omitted.

Furthermore, air temperature, precipitation, relative humidity, wind speed and atmospheric
pressure had an evident impact on PM10in autumn. In summer when the air quality was the best, air
temperature, wind speed and atmospheric pressure influenced PM10. On the whole, air temperature,
wind speed and atmospheric pressure were the most important meteorological parameters influencing
PM10, followed by relative humidity and precipitation. Wind direction has the lowest influence on the
PM10 dispersion in an urban area.

The METI-LIS model was used to produce PM10 seasonal dispersion maps for 2009-2018, which are
presented in figure 2.

Fiq. 2. Dispersion of PM10 for 2009-2018. PM10 concentrations between 0 and 20 ug/m? are displayed in blue colour, the
concentrations from 20 to 25ug/ms3 are displayed in dark green, 25-30 ug/m3 - in light green, 30-35 ug/m3 - in yellow, 35-40
ug/m?- in red and concentrations over 40ug/m? — in violet. Note that the intense green/blue on the SE of the map is due to
superposition with the dark colours used in the map

For the purpose of obtaining a spatial distribution of seasonal averages of PM10 emission in Braila
four maps were created. A different scale pattern provides distinct influence on the air quality
dispersion and assesses sundry precision of air quality analyses. The METI-LIS soft calculates the PM10
concentration dispersion in a wide area, such as Brdila with a 50 x 50 m square spatial grid. In order to
determine a high precision of PM10 dispersion we should use smaller grids. The most polluted areas
were in the closeness of crowded streets and boulevards in connection with the traffic.

The highest PM10 concentration has been registered alongside the major streets in winter in the
interval 2009-2018, with some intermittence on the outskirts of Braila. In spring and autumn, the PM10
concentration was lower compared to winter, but higher than in summer. The lowest level of PM10
pollution is observed in the summer season.

Several intermittencies are outlined progressively in the city centre and disappear towards the less
crculated areas. This phenomenon may occur due to the influence of meteorological parameters, i.e.
the wind speed, air temperature and relative humidity. Likewise, a detailed analysis of the four maps
points out that spots of PM10 crop up dose to the cross-roads and near the traffic lights.
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3. CONCLUSIONS

In reality, the effects of meteorological conditions on PM10 atmospheric pollution were evidently
different in the four seasons, during the analysed period. There were clearly seasonal variations of
atmospheric pollution in Brdila. The air quality was the best in summer, followed by autumn and
spring, and the air quality was the worst in winter. The influence of meteorological parameters
(including air temperature, relative humidity, atmospheric pressure, wind speed, wind direction and
precipitation) on atmospheric pollution was analysed by using the correlation analysis method.

On thewhole, air temperature and wind speed were the most important meteorological parameters
influencing PM10, followed by atmospheric pressure, relative humidity and wind direction and
precipitation.

Nevertheless, the prevailing meteorological factors influencing the PM 10 atmospheric pollution
were different in each season. The influence of wind speed on PM10 was most significant in spring.
Wind speed and air temperature were the main meteorological factors in summer. In autumn the most
important parameter was air temperature, while relative humidity had a significant contribution in
winter. In addition, wind direction had an important influence on atmospheric pollution. Besides this,
for the period 2009 -2018, air tem perature and wind speed had the most considerable impact on PM10
dispersion.

Takingall of the afore-mentioned aspects into account, this paper has analysed the seasonal specific
feature of PM10 and its dependence on meteorological factors between 2009 and 2018, and the final
purpose is the feasible actions to ameliorate the air quality in Brdila urban area. All in all, it is extremely
important to explore and to understand the impact of different meteorological factors on the
atmospheric pollution and the effects on human health, taking into consideration the urbanization
process.
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¥ ctaTri mpoaHaAi30BaHO LIMKAIYHY AMCIIEPCiio MacoBol KOHIeHTpanil PM10 y Micbkili MicIIeBOCTI B
IliBaenniit Pymynii. [liBaenHa PyMyHis BBa’ka€ThCs TEpUTOPIE€IO, sIKa Ma€ cepeAHiil piBeHb 3a0pyaHEHHA
IPOTATOM OCTaHHiX Jdecatu pokiB (2009-2018 poxu). Ilpocroposy aucrepciio xonnentpanii PM10
OoTpuMYyBaAay, BuKopucrosyioun M axkuii sHoc METI-LIS 24451 xo>kHOTO ce3oHy. MeTa aucriepciitHX MoJeaeix
- OLIHUTH PO3MO0AiA KOHIIeHTpallil 3a0pyAHIOIOUNX pedOBMH 3 ypaxyBaHHAM Audysii. Byan sukopucrani
cepeani BumiproBaHHs1 PMI10 T1a MeTeopoaoriuHi mapamMerpu B SAKOCTI BXIJHUX JaHUX. Y cCTaTTi
CIIOCTepira€Thcs OYeBMAHa Ce30HHa 3MiHa KoHIeHTpalii PM10. /s BcTaHOBAEHH I 3aX0A4iB Aep>KaBU (B T.4.
€KOHOMIYHOTO XapakTepy) IOJO BJAOCKOHAJAeHHs KOHTPOAIO HaJ 3abpyAHeHHsIM aTMocdepu Oyao
MIpOoaHaJi30BaHO MeXaHi3M ii 3a0pysHeHHs. BusHaueHO, IO SKICTb HOBITPs B 1IiA0MY ITOKpalllyBaJacs
HaBeCHi Ta BAITKY IOPiBHSIHO 3 ABoMa iHImmMu nepiogamu. Iloao cesoHHMX KOAMBaHb XapaKTepUCTUK
PM10, To BCTaHOBAEHO 3Ha4yHi BiAMIiHHOCTI y fKOCTI MHOBiTps, 3adikcoBaHOMY y PpisHiI Miciami y
A0CAiAKyBaHOMY peTioHi. Brians temniepaTypu nosiTps Ha 3a0pyaHeHH: aTMOcdepy CIIocTepiraan BecHOIO
Ta BOCEHM; KPiM TOTO, BUABAEHO, IIIO aTMOC(]epPHi OITaan € Ba>KAUBUM (PaKTOPOM BILAMBY Ha 3a0pysHEHH
atMocdepu. BctaHOBAeHO, IO BIAMB ONaJ4iB Ha MOXKAMBICTh 3a0pyaHeHH: atMocepu OyB pi3HUM Yy
KO>KHOMY 3 YJOTUPBOX Ce30HiB. PesyabTaTit 40C4iA’KeH b BKa3yIOTh Ha Te, 1110 MeTeOPOIOTiuHi ITapaMeTpH, 1110
BILAMBAIOTh Ha 3a0pyAHEHH IIOBITPsI, CTaIOTh aKTMBHUMU B X0A04Hi ce30HHi AHi. [lokazaHo, mo BigHOCHA
BOOTICTb i IBMAKICTD BiTPy - Lle MeTeOpOOTidHi ITapaMeTpy, 1o BranBaioTh Ha PM 10. 3’sacosaHo, o
JIMOBIipHICTh 3a0pyaHeHHs aTMocdepy 3MeHIITyBaJacs 3i 30iApIIeHHAM TeMIlepaTypy IOBITPs BAITKY.
Pesyaprati g0cAig’XKeHb CBig4aTh TaKOXK IIPO Te, IO KapTorpadpyBaHH: 3a0pyAHEHHs ITOBiTPs MO>KHa
ITOKpaIIUTA 3a 40IIOMOTOIO MOJeell AucIiepcii aTMocdep Ta BUMipIOBaHb Ha MicIii.

Karouosi caosa: PM10; 3abpyaHeHHs HOBiTps; MeTeOpOAOriyHi IlapaMeTpu; Ce30HHI 3MiHM,
AUCIIepciliHa MOAeAb.



