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Abstract
Fine particles (PM2.5) are harmful to human health especially during periods of limited dispersion when the concentra-
tions build up. This is a common occurrence in Southern Brazil in the dry season when high-pressure stationary systems
inhibit vertical dispersion and reduce wind speed. The objective of this study was to evaluate the PM2.5 concentrations
in the Region of Greater Vitória during the winter of 2013, and to assess the influence of the large-scale meteorological
circulation on its concentration. An experimental campaign was carried out to determine the mass of PM2.5 at six urban
sites and particle number concentration. The average PM2.5 concentrations varied from 9.70 μg m-3 to 14.36 μg m-3 with
the average daily maximum reaching 29.35 μg m-3, exceeding the World Health Organization guideline (24-h average:
25 μg m-3). The particle size distribution showed a larger number of particles from 18 to 21 h (local time), indicating
that the main vehicular emissions are the main sources. During the winter, rainfall associated with cold fronts were
responsible for a decrease in the particulate concentrations. In contrast, the occurrence of high-pressure systems led to
an increase in particle concentrations, due to stagnant conditions.
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Influência da Meteorologia Sobre Partículas Finas na Região Metropolitana
de Vitória Durante o Inverno

Resumo
Partículas finas (MP2,5) são prejudiciais à saúde humana e em períodos críticos de dispersão, aumentos na concentração
de MP2,5 podem ocorrer. Esta é uma ocorrência comum no Sudeste do Brasil no período seco, quando sistemas de altas
pressões estacionárias inibem a dispersão vertical e reduzem a velocidade do vento. O objetivo deste estudo foi avaliar
as concentrações de partículas finas na Região da Grande Vitória durante o inverno de 2013, e verificar a influência de
fenômenos meteorológicos de grande escala em sua concentração. Uma campanha experimental foi realizada para
determinar a massa de MP2,5 em seis locais urbanos e concentrações de partículas. As concentrações médias de MP2,5
variaram de 9,70 μg m-3 a 14,36 μg m-3 nos seis locais amostrados, com o máximo diário médio chegando a 29,35 μg m-

3, excedendo, assim, a diretriz da Organização Mundial da Saúde (média de 24 h: 25 μg m-3). A distribuição granulo-
métrica indicou um maior número de partículas entre 18 h e 21 h (hora local), indicando que a principal fonte emissora é
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veicular. Durante o inverno, a precipitação associada com as frentes frias foram os responsáveis pela diminuição da
concentração de partículas. Em contraste, a ocorrência de sistemas de alta pressão na região levou a um aumento nas
concentrações de partículas, devido a condições de estagnação.

Palavras-chave: partículas finas, parâmetros meteorológicos, área urbana, contagem de partículas, distribuição do
tamanho de partículas, inverno.

1. Introduction
Air pollution is a serious urban problem related to

both local emissions and transboundary pollution and
governed by micro and large-scale atmospheric circulation
(Beekmann et al., 2015; Diamantopoulou et al., 2016;
Shimadera et al., 2016; Sun et al. 2017a). The terrain over
any region is generally non-uniform in relation to rough-
ness and thermal characteristics and may contain a com-
plex topography. Consequently, the meteorological para-
meters that affect transport, diffusion, transformation and
removal processes (dry and wet deposition) are functions
of time and space. The pollutants emissions associated
with topographic and meteorological characteristics deter-
mine the levels of air quality over a certain region (Arya,
1999).

Several case studies have shown that meteorological
conditions affect ambient air quality (Sánchez-Ccoyllo
and Andrade, 2002; Pearce et al., 2011; Ramsey et al.,
2014; Tian et al., 2014; Trivedi et al., 2014; Li et al.,
2015; Zhang et al., 2015; Monte et al., 2016; Santos et al.,
2016; He et al., 2017; Mazzuca et al., 2017; You et al.,
2017; Asif et al., 2018; Wie and Moon, 2018). Therefore,
atmospheric conditions have a determining role in the
physicochemical description of the transport of pollutants
between the source and the receiver. Hence, meteor-
ological data analysis, pollutant monitoring and air quality
modeling are the main tools for planning new industrial
activities and for the establishment of air pollution control
policies.

Atmospheric particles can originate from various
sources, including human activities, photochemical pro-
cesses, gas-to-particle conversion, wind erosion, and
oceans. Therefore, there is a considerable variation in the
composition and physical properties of particles, depend-
ing on the sources, as well as on the meteorological condi-
tions and geographic location (Miranda et al., 2012). Fine
particulate matter (PM2.5, particles with a diameter
< 2.5 μm) can remain airborne for days, weeks, and even
months, traveling many hundreds of kilometers from their
source (Seinfeld and Pandis, 2006).

The Greater Region of Vitória (RGV) is a tropical
coastal area, and it has an estimated population of 1.8 mil-
lion inhabitants and is the main urban and industrial area
in the State of Espírito Santo (Brazil) (IBGE, 2017).
About 55 to 65% of the potentially polluting industrial
activities of Espírito Santo, such as steel, pelletizing,
mining (quarries), cement, food industry, asphalt plant and
others, are installed in the RGV (IEMA, 2011). The cli-
mate of RGV is warm and humid (Köpper climate type

Af). This climate type is characterized by mild dry winter
and hot rainy summer. The warm period extends approxi-
mately from October to April, with greater intensity in
December and January. During the winter, the region is
influenced by the South Atlantic Subtropical High (SASH)
pressure system, which is a tropical marine mass, with
high temperatures and humidity, resulting from intense
solar radiation and seawater evaporation. In winter, the
anticyclone displaces toward the continent and inhibit the
passage of the frontal systems, providing a stable atmo-
sphere, with calm winds, often accompanied by thermal
inversion (Reboita et al., 2012; Sun et al., 2017b).

According to the RGV Emission Inventory report
(IEMA, 2011), the emission rate of total particulate matter
(vehicular and industrial) in RGV was 4,043.1 kg h-1, of
which 1,487.5 kg h-1 was PM2.5, which means that PM2.5
emissions account for 36% of particulate emissions from
the region. Approximately 60% of particulate emissions
were directly or indirectly linked to the resuspension of
particles in traffic roads. The air quality monitoring in the
RGV is performed by an automatic air quality monitoring
network (RAMQAr), measuring the ambient concentra-
tion of air pollutants of total particulate matter (TPM),
particles with a diameter of less than 10 μm (PM10), sulfur
dioxide (SO2), oxides of nitrogen (NOx), hydrocarbons
(HC), carbon monoxide (CO), ozone (O3) and settleable
particulate matter (coarser particles with diameters greater
than 10 μm, which are the bulk constituent in mass - ma-
nual monitoring network). The monitoring of fine particles
started recently.

Among pollutants that can cause harm to human
health and loss of quality of life, fine particles stand out as
a pollutant that can cause both short and long-term health
problems in humans, leading to the loss of life quality and
eventually death (Pope III et al., 2002; Krewski et al.,
2009; Cesaroni et al., 2013; Nascimento et al., 2017; An-
dreão et al., 2018). This research aims to contribute to the
knowledge of the characteristics of the particulate material
in RGV, where continuous measurements are scarce or
non-existent, through its quantification and size distribu-
tion, besides to observe the influence of the main meteor-
ological systems of synoptic scale acting in the region
during the critical period of the winter of 2013 in the
variability of PM2.5 concentrations.

2. Experimental Methods and Study Area
PM2.5 were sampled with six MiniVol TAS (Tactical

Air Sampler) (Airmetrics) in six of the nine monitoring
stations which are part of the Automatic Air Quality Mon-
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itoring Network (RAMQAr) during the winter of 2013
(June to September) to evaluate the air quality and the var-
iations in the concentrations of the particles in different
parts of the region. Laranjeiras station suffers direct influ-
ence of Ponta de Tubarão industries (iron ore) when the
south winds occur, and influence of the northern industries
when the occurrence of northeast winds. Jardim Camburi
station covers areas directly influenced by emissions from
industries of Ponta de Tubarão, Serra and Vitória. It is also
influenced by mobile sources circulating in its surround
areas. The Enseada do Suá station is presented as the main
station in the installed measurement network, since it is
located strategically, providing a large space coverage
area. In addition, it is directly influenced by the Ponta de
Tubarão and by the mobile sources. Vitória (center) station
provides spatial coverage of areas directly influenced by
vehicle emissions and receives contributions from port
activities and industrial sources of Vitória and Vila Velha.
Ibes station covers areas directly influenced by the vehi-
cular and industrial emissions of Vitória, Vila Velha and
Cariacica. Lastly, Cariacica station has a high coverage in
the southwestern part of the region, with low redundancy
among other network stations, covering areas directly
influenced by emissions of vehicles and industries (IEMA,
2017).

The Laser Aerosol Spectrometer (LAS) (Portable
Aerosol Spectrometer model 1.109 GRIMM AEROSOL),
a laser used for continuous measurement of airborne parti-
cles as well as for measuring the particle count distribu-
tion, was used to obtain the particle number size
distribution. The apparatus emits a laser beam and the
scattering by particles caused by the passage of a particle
is measured by calculating the aerosol size range and
counting the particles in that range. The data are provided
in the unit number of particles per liter allowing quantify-
ing particles between 0.25 μm to 32.0 μm, which corre-
spond to the particles of the accumulation and coarse
modes. All data collected is stored on a memory card in
the device and, using an RS-232 cable and DustMonitor
software, is transferred to a computer where it can be ana-
lyzed. The results provided by the apparatus are the parti-
cle number (PN) per liter in 31 particle diameters ranges
from 0.25 μm to 32.0 μm. The equipment was placed in
the Federal University of Espírito Santo (UFES), opera-
ting 24 h per day between August 7th and September 2nd

(except for August 16th and 17th), resulting in 24 days
analyzed. Figure 1 shows the sampling places of MiniVol
and LAS.

The sampling period with MiniVol was from June
21st to September 21st, on alternate days, 24 h of filter
exposure, which totaled 47 days. The MiniVol was cali-
brated to standard conditions of atmospheric pressure
(760 mm Hg) and temperature (298 K) and adjusted to
operate at a flow rate of 5.0 L min-1 under these condi-
tions. The real flow rate in each equipment for each day

was obtained using mean values of temperature and pres-
sure from a meteorological station located at UFES and
the regression curve for calibration of each equipment,
according to Eq. (1).

Qreal = mvol ×Qind þ bvolð Þ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Psta
Preal ×

Treal
Tsta

r

ð1Þ

where Qreal is the flow rate in operating conditions (L
min-1); Qind is the flow rate indicated by the sampler rotary
(L min-1); mvol and bvol are, respectively, the slope and the
intersection of the linear regression curve, specific data of
each apparatus, provided by the calibration curve that
accompanies each MiniVol; Psta is the standard pression
and Tsta is the a temperature in standard conditions; Preal is
the pression and Treal is the temperature in operation con-
ditions.

PM2.5 was collected on Whatman teflon filters
46.2 mm in diameter, with 99.7% retention efficiency for
particles up to 0.3 μm. In this procedure, the filters were
placed in petri dishes and stored in an appropriate desicca-
tor, with a temperature maintained between 20 °C to 23 °C
and relative humidity between 30% and 40%, according to
guidelines of the monitoring standard for PM2.5 of the
American Environmental Protection Agency (U.S. EPA,
1998).

The material collected by the MiniVol was analyzed
by gravimetric analysis to obtain the PM2.5 mass. Before
and after each sampling, each filter is weighed, and the
difference in mass results in the total mass collected. For
weighing, the Sartorius analytical balance was used with a
precision of 0.001 mg. Weighing of “blank field” and
“blank laboratory” filters were performed. “Blank field”
filters are non-sampled filters, which have been taken to
the sampling sites and returned to the conditioning condi-
tions, and “blank laboratory” are non-sampled filters that
have been kept in wrapping during the sampling period.
Both are used to determine possible contamination or loss
of material during the transport/handling/packaging pro-
cesses of the filters. Following the criteria of the U.S. EPA
(1998), a blank field was performed every seven samples,
and a blank laboratory at each weighing which in this case
was performed every approximately 15 days. Blank field
filters with a variation greater than 30.0 μg and blank
laboratory filters with a variation greater than 15.0 μg gen-
erate very high uncertainties and thus all the filters sam-
pled during that week should be discarded. The number of
valid samples is shown in Table 1.

The total air volume sampled was calculated inte-
grating the air uptake rate and the sampling time. Once the
masses were determined, the PM2.5 concentration of the
filter was calculated. The blank filter that generated the
greatest uncertainty was used as the uncertainty of the
measurements of all the samples of that period.
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During the sampling period, the synoptic charts pub-
lished by the Centro de Previsão de Tempo e Estudos Cli-
máticos (CPTEC/INPE) were obtained in their website
and they provided the synoptic occurrences of the period,
as cold fronts and SASH. In addition, the monthly synop-
tic summaries, also available on the CPTEC website, were
collected.

Hourly temperature, humidity and precipitation were
obtained from a meteorological station located at UFES
operated by the Instituto Nacional de Meteorologia
(INMET). Wind speed and wind direction were obtained
from the Rede de Meteorologia do Comando da Aero-
náutica (REDEMET) located at the airport of Vitória.

3. Results

3.1. Weather conditions of the period
During the winter of 2013, the mean temperature

was 22.3 °C, coinciding with the normal climatological for
the period. The passage of the cold fronts resulted in a
decrease in the daily average temperature. August was
unusually rainy (Fig. 2), with 95 mm, compared to the cli-
matological average of 40 mm. July was the second most
rainy month, with cumulative rainfall of 70.6 mm, against
85 mm of the normal climatological. The months of June

and September presented cumulative rainfall of 21.45 mm
and 23.8 mm, respectively, below the normal climatologi-
cal of 65 mm (June) and 90 mm (September). In general,
the winter of 2013 was atypical in relation to the pre-
cipitation, and these patterns reflected in the PM2.5 con-
centrations measured in the RGV.

The wind rose presented in Fig. 3 shows the velocity
and the directions of the wind for the whole winter. The pre-
vailing wind directions for the first two months of winter,
June and July, were N-NW, S-SW-SE, with the highest
speeds coming mainly from the SW and N directions.
August presented the same configuration, but with wind
velocities higher than those of the previous months, which
was already expected because this was the wettest month of
the studied period. September is a transition month and it
showed an increase in the frequency of prevailing winds in
the NE direction, which, climatologically, should be the
predominant direction during the rest of the year. Occur-
rences of south/southwest quadrantwinds are related to cold
fronts events. The velocity range of 0.5 to 2.0m s-1 occurred
in 40% of the time, while wind velocities of 2.1 to 3.5 m s-1
occurred in 15.7% of the time, 3.6 to 5.6m s-1, in 25.6%, 5.7
to 8.7 m s-1, in 12.6%, and 8.8 to 11 m s-1, in 1.9% of the
time. Calmwinds corresponded to 4.1%of the time.

In relation to the synoptic systems operating in the
region, according to the synoptic charts (CPTEC/INPE), a

Figure 1 - Sampling places with MiniVol (in red) and with LAS (in yellow). Source: Google Earth.

Table 1 - PM2.5 statistics.

Locality Nº of valid samples Winter average (µg/m3) 24 h maximum (µg/m3) 24 h minimum (µg/m3) Standard deviation

Laranjeiras 47 11.98 19.39 5.27 3.69

J. Camburi 42 14.36 29.35 6.14 5.11

Enseada do Suá 47 9.70 19.25 4.84 3.26

Vitória Centro 46 10.17 21.48 3.30 4.23

Ibes 46 10.41 22.26 3.13 4.84

Cariacica 47 12.16 27.99 4.87 5.20
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total of six cold fronts reached the RGV during the winter
of 2013 (June 23rd, July 09th, July 24th, August 15th,
August 27th, September 05th). In all occurrences of cold
front there was a drop in the temperature in relation to the
previous day, and in most occurrences, it rained. There
was also a change in the direction of the wind, as shown in
Fig. 4, which starts to blow predominantly from the south
and southwest, with an increase in wind speed compared
to the previous day, which contributes to the transport and
dilution of pollutants. During most of winter, a high-pres-
sure center was acting on the State of Espírito Santo.
However, it is emphasized that only one meteorological

monitoring station was used to represent the whole region
(a coastal area with a complex topography), and small-
scale circulation, as sea breeze, may affect wind direction
across the PM2.5 sampling sites (Salvador et al., 2016a;
2016b).

3.2. Gravimetric analysis of PM2.5

The winter average concentration of PM2.5, 24 h
maximum and minimum values, standard deviation and
quantity of valid samples are shown in Table 1 for each sam-
pled locality. Jardim Camburi, a predominantly residential
neighborhood of Vitória, obtained the higher average
(14.36 µg m-3) and the maximum value (29.35 µg m-3), fol-
lowed by Cariacica. Both maximum values are higher than
those recommended by WHO (24 h average: 25 µg m-3). In
these days, the SASHwas acting over the region. The mini-
mumvalue (3.13 µgm-3)was found in Ibes (VilaVelha).

Jardim Camburi and Cariacica have emission sour-
ces very close to the sampling point, which may have
directly influenced the concentration values of PM2.5. In
Jardim Camburi there is a steakhouse close to the mon-
itoring point and therefore, the results may be evaluated
carefully. Cariacica sampling point is close to two federal
roads (BR-101 and BR-262) with high traffic of heavy
vehicles.

Figure 2 - Average temperature and precipitation during the winter. CF: cold front incidence.

Figure 3 - Wind rose for Winter 2013.
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The PM2.5 concentrations found in RGV are similar
to the PM2.5 concentrations in urban centers as Belo Hor-
izonte, Curitiba, Porto Alegre, and Recife (14.7, 14.4,
13.4, and 7.3 μg m-3, respectively), as reported by
Andrade et al. (2012), where vehicle emissions explained
at least 40% of the PM2.5 mass. Miranda et al. (2012)
reported PM2.5 concentration of 35.5 μg m-3 in the winter
of São Paulo, 19.8 μg m-3 in Rio de Janeiro, 17.9 μg m-3 in
Belo Horizonte, 18.1 μg m-3 in Curitiba, 18.3 μg m-3 in
Porto Alegre, and 8.7 μg m-3 in Recife. Targino et al.
(2016) measured PM2.5 and BC concentrations along
roads in Londrina (Paraná) on selected days in March and

April 2015, and a mean PM2.5 concentration of 8.61 μg m-3

for morning period, and 8.43 μg m-3 for afternoon period
were found, values below than those found in RGV, but
the PM was measured in the rainy season in Londrina.
Vara-Vela et al. (2016) reported average PM2.5 concentra-
tion at three measurement sites in São Paulo between July
and September 2012: 23.4 μg m-3 in IPEN-USP, 21.3 μg
m-3 in IAG-USP, and 22.2 μg m-3 in Congonhas.

Table 2 shows the PM10 winter average concentra-
tion, 24 h maximum and minimum values, and standard
deviation, measured in the RAMQAr monitoring stations.
The average ratio PM2.5/PM10 concentrations for winter
period was possible to perform in five station: 35.9% in
Laranjeiras, 57.2% in Carapina, 33.5% in Enseada do Suá,
42.9% in Vitória Centro, and 35.8% in Ibes. According to
the official emission inventory for RGV (IEMA, 2011),
53.7% of the PM10 emitted (vehicular and industrial) was
PM2.5. This percentage reflected in the concentration ratio
observed. Souza et al. (2014) showed higher percentages
for São Paulo during winter (73.4%) and percentages
similar to this work for Piracicaba during spring (51.4%).
The differences for São Paulo can be related to the fuel
burning used in light vehicles (Galvão et al., 2016;
Pacheco et al., 2017) and the formation of secondary aero-
sols by converting gas to particle (Albuquerque et al.,
2018).

Table 3 shows some meteorological information
about the days when the higher concentrations of PM2.5
occurred. There was no precipitation in any of the days,
except for the September 13th at Jardim Camburi station,
where there was a rainfall of 0.6 mm, caused by mesoscale
atmospheric phenomena (sea breeze), as can be verified by
the predominant wind direction variation throughout the
day (NW-N-NE). In general, the wind velocity was low in
the days of higher PM2.5 concentration, characteristic of
SASH, which predominated over the region on most of
these days. Except on days July 23rd and 31st, every day
had predominant wind direction ranging from NW-N-NE.
July 23rd, the day with the maximum concentration in
Enseada do Suá, had contributions of south wind due to
the arrival of the extremely strong and historic cold front
that passed over Brazil between July 21st and 25th. The
average wind velocity of the day was 4.7 m s-1 and after

Figure 4 - Daily average wind direction of the six cold fronts (CF), with
arrows pointing to where the wind predominantly blew on the day.

Table 2 - PM10 statistics (RAMQAr monitoring stations).

Locality Winter average (µg/m3) 24 h maximum (µg/m3) 24 h minimum (µg/m3) Standard deviation

Laranjeiras 33.37 64.09 11.27 13.46

Carapina 15.89 34.48 7.63 4.70

J. Camburi 25.12 47.08 12.71 7.18

Enseada do Suá 28.97 46.30 12.42 6.25

Vitória Centro 23.68 49.29 11.17 7.26

Ibes 29.07 55.54 10.17 8.33

Vila Velha Centro 24.96 39.21 11.00 6.27
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the cold front passage, the temperature dropped down
from 25.1 °C (July 23rd) to 22.5 °C (July 25th) and the
PM2.5 concentration decreased 5.58 µg m-3.

Figures 5 and 6 show the temporal variation of
PM2.5 concentration, indicating the days of cold front inci-
dence (CF). After the passage of the cold fronts, a
decrease in PM2.5 concentrations may be noted. Observed
rains between August 18th and 22nd, the most voluminous
of the period, were also responsible for a drop in PM2.5
concentrations for most of the points sampled, being pos-
sible to observe a reduction of approximately 10 μg m-3 in
the concentration of some localities.

In some sampling points, as Larajeiras and Jardim
Camburi, the concentration varies according to the wind
velocity. This shows that the concentration of fine particu-
late in these places may be influenced by the resuspension
of soil particles, which is accentuated by high wind velo-
cities. In others, such as Ibes and Cariacica, the concentra-
tion varies inversely to the wind velocity, showing that in
these places the wind plays an important role in transport

and dispersion of pollutants. Figure 7 shows the daily
average for PM2.5 concentration and wind velocity for Jar-
dim Camburi and Cariacica. The wind velocity data was
obtained from RAMQAr monitoring stations.

3.3. Size distribution in number
Through the data collected by the LAS, it was possi-

ble to perform the particle number distribution as a func-
tion of diameter on a time scale. Figure 8 shows the fine
particle (0.25 to 2.5 µm) size distributions (µm-1 cm-3),
normalized by the length of each diameter bin (average of
3 h). The time zone with the highest concentration of
PM2.5 is from 6 p.m. to 8 p.m. (local time), followed by
the bands from 9 p.m. to 11 p.m. and 3 p.m. to 5 p.m.
These hours, mainly from 5 p.m. to 9 p.m., are character-
ized by an increase in traffic rate (IEMA, 2011) and a
decrease of the atmospheric boundary layer, which causes
an increase in the number of particles in the atmosphere,
exceeding the average of 25 particles cm-3 for the smallest
diameter range analyzed (0.25-0.28 µm). It is emphasized

Table 3 - Meteorological information about the day with the highest PM2.5 concentration.

Laranjeiras Jardim Camburi Enseada do Suá Vitória Centro Ibes Cariacica

Date July 01st September 13th July 23rd August 06th June 21st July 31st

Concentration 19.39 µg m-3 29.35 µg m-3 19.25 µg m-3 21.48 µg m-3 22.26 µg m-3 27.99 µg m-3

Average wind velocity 2.9 m s-1 2.3 m s-1 4.7 m s-1 2.2 m s-1 3.6 m s-1 2.3 m s-1

Precipitation 0 mm 0.6 mm 0 mm 0 mm 0 mm 0 mm

Calm 3.57 % 3.57 % 0.0 % 3.57 % 7.14 % 3.7 %

Figure 5 - Variation of the PM2.5 concentration during the sampled period for the localities: Laranjeiras, Jardim Camburi e Enseada do Suá.
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that the total fine particle concentration may be under-
estimated, since the LAS only detected particles above
0.25 µm. The mean diurnal cycle of the total particle num-
ber concentration is shown in Fig. 9 for weekdays and

weekend. The diurnal variability of particle size distribu-
tions confirmed the 6 p.m. to 8 p.m. as the period with the
highest number of particles per cm3, which may also be
associated with the dynamics of the boundary layer. The

Figure 6 - Variation of the PM2.5 concentration during the sampled period for the localities: Vitória Centro, Ibes e Cariacica.

Figure 7 - Time series for daily average of PM2.5 concentration and wind speed at Jardim Camburi and Cariacica.
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hourly cycle of relative humidity varied inversely propor-
tional to the hourly cycle of temperature in 2013 winter,
with higher values during the night period (IEMA, 2017).
High values of relative humidity favor the partition of
semi-volatile species into the aerosol phase (Hu et al.,
2008), leading to an increase in PM concentrations (Zhang
et al., 2015).

Figure 10 shows the particle concentration (number
per cm3) in hourly averages for the entire sampled period,
as the sum of the channels from 0.25 μm to 32.0 μm. The
first large peak of concentration of the sampled period
occurs already on first day of analysis at 9 p.m., caused by
the combination of low wind speed and intense vehicular
traffic schedule. In general, it can be affirmed that the
peaks of concentration verified throughout the period are
related to the high-flow time zone of vehicles (5 p.m. to 10

p.m.) (IEMA, 2011) and sometimes to low wind speeds. In
August 15th and 27th night, when there were cold fronts in
the region, the wind speed increased slightly, and pre-
cipitation occurred, resulting in considerably reducing on
the number of particles. August 18th and 27th obtained low
concentrations in number of particles, due to the incidence
of rains.

The fine particles reached concentration of 20 thou-
sand particles per cm3 while coarse particles (diameter >
2.5 µm) reached concentration of 55 particles per cm3. The
results obtained by the LAS also allowed to evaluate the
difference in the number of suspended particles in the
atmosphere in relation to the days of the week. Weekend
days have lower particle concentrations in number com-
pared to week days. As an example, there were an average
about 29 particles per cm3 (particles of diameters between

Figure 8 - Number size distribution as a function of diameter for the particles of the accumulation mode, with averages every 3 h.

Figure 9 - Number size distribution for weekdays and weekend.
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0.25 and 0.28 μm) during weekdays, while an average of
23 particles per cm3 were observed during weekends. In
addition, the hours of greater concentration change from
the range 6 p.m. to 11 p.m. from weekdays to the after-
noon on weekends, between 3 p.m. and 5 p.m.

4. Conclusions
In relation to the days of highest concentrations in

each locality, it was observed that these days, in general,
were days without rain, in which the South Atlantic Sub-
tropical High was acting on the region, days marked by
winds with low velocities and directions predominant
from NW-N-NE, which indicates the contribution of local
traffic and industries in the region.

It could be observed that the concentration of fine
particulate matter, both in number and mass, is directly
influenced by the meteorological phenomena of the
synoptic scale in the winter period, when these phenomena
are of great importance in the atmospheric circulation. The
highest PM2.5 concentration observed was from 6 p.m. to
8 p.m. (local time).

In addition, although the PM2.5 exceeded the mass
concentration recommended by the WHO only two times,
it presented concentrations very close to that limit
throughout the studied period, justifying the need for an
attention to this pollutant in the region, in view of its con-
sequences for human health.
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