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Airborne particulate matter (PM) is a major environmental problem in urban areas mainly because of its
demonstrated impact on human health. The present work aimed to assess the outdoor pollution to fine
(PM2.5), and submicrometric (PM1) particulate matter that includes the ultrafine fraction - UFP), in Ploiesti
city, which is a major urban-industrial area in the Southeast of Romania. This is the first study in an urban
area of Romania that analyzes the spatiotemporal variation of PM2.5 and PM1. Particulate matter samples
collected in sequential monitoring campaigns performed in 2015 were investigated using 12 relevant
sampling points. A precision optical portable monitoring system with a laser beam (DusttrakTM DRX 8533EP)
was used for PM assessments.. It was observed that Ploiesti inner city presented “moderate” and “unhealthy
for sensitive groups” conditions for particulate pollution with PM2.5 depending on the area of the city. The
difference between the PM10 and PM1 medians of all sampling points was only 2.2 µg×m-3, PM4 and PM1 of
1.5 µg×m-3, and PM2.5 and PM1 of 0.8 µg×m-3 respectively (p > 0.05 – DL5% = ±5.8 µg m-3). The correlation
between the PM fractions was very significant (p < 0.01; r = 0.996). The results pointed out that PM1, which
has an increased impact on human health, because it includes the UFP, was the most frequent fraction in
Ploiesti inner city.
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Many recent epidemiological studies highlighted that
airborne particulate matter (PM) became a major
environmental problem in urban areas mainly because of
its impact on human health. The International Agency for
Research on Cancer (IARC) has classified the outdoor air
pollution as carcinogenic to humans (Group 1) noticing an
increasing risk of lung cancer with increasing levels of
exposure to PM and air pollution independently of the region
of the world. In the last decade, various studies provided
evidence of the adverse effects of fine and ultrafine
particulates on human health [1-5]. These studies have
pointed out that particulate air pollution is associated with
exacerbations of respiratory symptoms, increasing of
hospital admissions and mortality from both respiratory
and cardiovascular diseases.

PM represents a complex mixture of organic and
inorganic pollutant species varying significantly between
locations and originating from natural and anthropogenic
sources. These particles are classified into several
categories depending on their aerodynamic diameter e.g.,
PM10 are particles with diameter less than 10µm, PM2.5
represents particles having less than 2.5 µm in diameter;
this fraction include also the submicrometric particles (PM1)
with particle sizes less than 1.0 ìm in diameter; the ultrafine
particles are particles having less than 0.1 µm in diameter
(PM0.1).

High levels of PM2.5 in urban areas are mainly associated
with traffic-related emissions, particularly from vehicles
with diesel engines. A significant part of PM2.5 levels in urban
areas derives also from industrial combustion plants and
residential heating. Natural sources contribute with a small
percentage to fine particulate concentrations level in urban
areas.

Numerous studies regarding PM air pollution in Europe
were reported from Western, Central or Northern Europe
(e.g., [6-11]). In comparison, the available information
concerning the urban air pollution in Eastern Europe is still
very scarce. The characteristics of PM can vary from a
region to another due to the spatial and temporal
dependence of the pollutant, so they cannot be fully
replicated to other geographical space [12]. Accordingly,
a suitable approach for each zone of interest is necessary.
Some PM studies were conducted in Romania for several
urban areas [13-15], including Ploiesti city [16,17]. These
are mainly focused on the characterization of spatial and
temporal variation of PM10 or PM2.5. Relatively few studies
reported human health effects from either submicrometric
particles or ultrafine particles (UFP). To our knowledge,
one of the first studies that evaluated the effect of PM2.5 air
pollution on the exacerbation of respiratory illness in
sensitive children that lives in urban areas of Romania was
recently published [18].

The present work aimed to assess the outdoor pollution
with fine and submicrometric particulate matter, fraction
that includes the ultrafine fraction, in Ploiesti city (197,542
permanent residents), which is an urban-industrial area
from Southeast of Romania. Having in view the recent
demonstrated adverse health effects of submicrometric
and ultrafine particles (UFP) especially on vulnerable
people (e.g., sensitive children, elder persons, persons with
respiratory sensibilities), the assessment of their
concentrations level became a priority for developing
reliable systems of air quality management. The present
study analyzes the spatiotemporal variation of fine and
submicrometric particles in a major urban area of Romania
based on PM samples collected in sequential monitoring
campaigns performed in 2015 in Ploiesti urban area using
12 relevant sampling points.
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Experimental part
Study area and data collection

Ploiesti is one of the largest urban agglomerations in
Romania, which is located in the south-east of Romania
(44°562 243  N Lat.; 26°012 003  E Long.; 150 m a.s.l.).
Ploiesti city is an important industrial center, which
experienced a rapid economic growth in the last decade.
Its industrial activity is concentrated especially on the oil
processing industry. Most important, Ploiesti is the only
city in Europe surrounded by four oil refineries. Even if the
oil production in the region is declining steadily, a significant
processing industry still operates. Unfortunately, the urban
residential areas are located close to the industrial facilities,
which are the main stationary emission sources. Due to
the large population, Ploiesti city has also a heavy traffic
density. Mobile emission sources have an important
contribution to the local emissions of air pollutants.
Industrial activity and heavy traffic were identified as the
main PM pollution sources in Ploiesti city. Long-term
exposure to PM and heavy metals contained in the urban
aerosols of Ploiesti, can lead to potential adverse effects in
population, especially for residents located in the most
impacted areas.

The data for the present study was collected in
monitoring campaigns that were performed twice a month,
between January and October 2015, using 12 sampling
points in Ploiesti. The criteria for establishing the
monitoring points have considered various aspects (i.e.,
previous measurements, data analysis, and receptor
modeling based on emission source profiles) and also their
proximity to schools, kindergartens, and the pediatric
hospital. A quasi-radial positioning of the 12 monitoring
points was established to insure an optimal
characterization of PM levels in Ploiesti residential area
(fig. 1). Each measurement campaign was performed
during the rush hours (7.00-9.00 a.m.; 12.00-2.00 p.m. or
3.00-7.00 p.m.) to assess the potential exposure of
population to high PM concentrations. To avoid the influence
of increased relative humidity (RH) on PM measurements,
they were performed following a minimum period (2 or 3
days) after a rainy day. Consequently, 20 PM time series
were obtained for each sampling point and used in the
current study.

A precision optical portable monitoring system, which
is able to measure fine and submicrometric fractions with
a laser beam i.e, DusttrakTM DRX 8533EP with
environmental enclosure) was used in the monitoring
campaigns. The system can simultaneously measure both

size fractions and mass. Size-segregated mass fractions
corresponding to PM1, PM2.5,  PM4 (Respirable), PM10 and
Total PM fractions are determined. The flow rate of the
external pump was 3 l×min-1, a flow that is commonly
inhaled by adult persons [19]. Particles were collected on
37 mm quartz fiberglass filters (QM-A Whatman,
Maidstone, Kent, UK) that were placed in suitable cassettes
of the Dusttrak equipment. The samples were stored at -
20 °C before analysis. Filters used for PM2.5 monitoring were
weighed before and after sampling using a thermo-
analytical electronic balance with a precision of ± 1µg,
after 48 h storage in desiccators in a room with controlled
relative humidity (45 ± 5%) and temperature (20 ± 2 °C).
Filters were used in sampling after triplicate consecutive
weighing within ± 2 µg. PM concentrations of each stage
with different particle size ranges were estimated
gravimetrically three times by measuring consecutive
within 2 µg threshold.

In order to minimize the effect of relative humidity on
PM measurements, the monitoring campaigns were
conducted using a controlled heated inlet with an auto
zero module mounted on DusttrakTM instrument. A
Greisinger multiparameter device was used to measure
on-site weather parameters (temperature, relative
humidity, wind speed, and air pressure) during PM
samplings. Available data from the official monitoring
network including 6 automated stations were recorded
and analyzed using the geospatial analysis capabilities of
ROkidAIR e-platform [20].

Data processing
The accurate locations of each sampling point were

established using the GPS measurements (WGS-84
reference system), which facilitated the development of
the thematic maps in QGIS software (www.qgis.org).
Geospatial analysis techniques were used to establish the
overlapping results between the distributions of particulate
matter fractions. In situ data were used to obtain PM2.5
isolines of concentrations, which were overlapped on the
specific layers of Ploiesti, using GIS capabilities. Inverse
distance weighting algorithm (IDW) was used for
interpolation to obtain the specific isolines of PM2.5
concentration. Descriptive and associative statistics of the
recorded time-series were obtained using SPSS software
(SPSS Inc., Chicago, IL, 2011). Pearson correlation was
applied to identify the strength of the linear relationship
between the PM fractions.

Fig. 1. Map of Ploiesti urban agglomeration
showing the 12 PM sampling points used in

the monitoring plan.
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Results and discussions
Particulate matter in Ploiesti urban agglomeration
measured by the RNMCA official network

A network of six automated stations routinely monitors
air pollution in Ploiesti urban agglomeration, from which 4
of them are located in the inner city and two in suburban
areas (fig.1). Only one PM2.5 gravimetric analyzer exists in
this official infrastructure i.e., PH-2 station. This is one of
the reasons for which we have developed an adequate
spatiotemporal approach to assess in a more elaborate
way the impact of particulate matter in the inner city,
focusing especially on the submicrometric fraction (PM1),
which is not measured by authorities.

Table 1 presents the main statistical indicators that
characterize the evolution of PM in the area of Ploiesti urban
agglomeration using the data recorded by the six
automated stations of the National Air Quality Monitoring
Network (www.calitateaer.ro) between January and
October 2015. Unfortunately, a multi-site comparison could
not be performed because some analyzers were not
operational and the captured data had few values for

several parameters, below acceptance limit for data
aggregation (~90%), due to technical issues.

Despite this information hiatus, the available data related
to air pollution shows that the averages of concentrations
were below the limit values provided by the Romanian
environmental regulations. However, the maximum values
of PM concentrations suggest that critical pollution
episodes occurred in Ploiesti during the monitored period.
Positive skewness values for all analyzed time series
explain a predominant frequency of the concentrations in
the interval located below the limit value. Long tails  were
associated with peak values with extreme concentrations
that are very contrasting compared to the general trend.
Kurtosis showed that all pollutants presented leptokurtic
distributions (thin tails). Consequently, the distribution
indicators denote that long term exposure of residents was
not a high risk factor in Ploiesti in 2015, but extreme
pollution episodes might have a clear health impact, if they
are occurring during the outdoor program of the residents.
Vulnerable persons (e.g., children, elders, asthmatics,
adults with lung diseases) are exposed of higher risks in

Fig. 2. Time series of PM2.5 fraction
recorded at PH-2 urban station

(Ploiesti city center) in 2014 and
2015 (daily average values)

Table 1
DESCRIPTIVE STATISTICS OF PM CONCENTRATIONS RECORDED IN PLOIESTI URBAN AGGLOMERATION BETWEEN JANUARY

AND OCTOBER 2015 (CONCENTRATIONS IN µg m-3) BY THE RNMCA STATIONS
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those situations, requiring the support of a reliable and
accessible early warning system [20].

The average concentration of PM2.5 in Ploiesti (measured
by the PH-2 automatic station) was 18.6 mg m-3, based on
the average concentrations of the 2009-2012 interval,
which ranged from 16.9 to 20.7  µg m-3. The trend of PM2.5
concentration (14.3  µg m-3) in 2015 measured at PH-2
station showed a decreasing as compared to the historical
time series (fig. 2). Many of the PM2.5 values (i.e., 73.9%)
were recorded into the 5.2-17.8  µg m-3 interval.

The PH-2 station is located in a residential - commercial
area with a distance from the nearest building of 10 m,
and the height of nearest obstacles of 20 m. The station is
30 m away from a major road and is surrounded on four
sides by small streets at distances between 50 and 300 m.
The main wind direction is from north-east. Traffic intensity
is moderate with a volume of traffic between 2,000 and
10,000 vehicles/day. The main emission sources near the
station are non-industrial combustion plants, combustion
in manufacturing, production processes, the use of solvents,
road traffic and other mobile sources. These topographical
and emission conditions are influencing the local
concentrations, which are lower than the ones commonly
occurring near industrial areas of Ploiesti in residential
zones. Furthermore, the classical monitoring for conformity
performed by the environmental authorities to comply with
air quality regulations (i.e. limit values) assumes that, if

the concentrations of monitored air pollutants are within
acceptable limits, then the effects will be also within
acceptable limits. Monitoring for regulations compliance
is not concerned with establishing the actual effects
resulted from the level of pollutants emissions, even if it is
below the limit values set by legislation. Every individual
has unique activity patterns that will result in a different
exposure to air pollution. Outdoor exposure to air pollutants
might be easier characterized having approaches of cause-
effect or status-trend types based on the pollutants
concentration, inhalation rate, and time of outdoor
exposure [21].

Consequently, we designed a multisite experimental
plan to assess in detail the spatiotemporal variations of
fine and submicrometric fractions of particulate matter at
city level (fig.1).

Fine and submicrometric fractions of particulate matter in
Ploiesti city

Data collected during the monitoring campaigns have
been analyzed statistically for each PM fraction in order to
establish the status and variability of airborne particulate
matter’s levels in Ploiesti city. The aggregated results of
data collected in 12 sampling points in 2015 during the
rush hours are presented in table 2 using median, minimum,
maximum and coefficient of variations for size-segregated
mass fraction concentrations corresponding to PM1,

Table 2
MEDIANS OF PM CONCENTRATIONS IN PLOIESTI CITY (µg m-3) – MEDIAN OF ALL MEASUREMENTS PERFORMED IN 12 SAMPLING

POINTS USING DUSTTRAKTM DRX 8533EP OPTICAL PRECISION INSTRUMENT WITH ENVIRONMENTAL ENCLOSURE BETWEEN
JANUARY-OCTOBER 2015 (HOURLY SAMPLING RATE); P1-P12 SAMPLING POINTS SHOWED IN FIGURE 1
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PM2.5,  PM4 (Respirable), and PM10. Compared to the PH-2
station data, the PM2.5 concentrations were consistently
higher due to the sampling interval, location conditions
and to the fact that optical analyzers might provide higher
values than gravimetric ones.

The difference between the PM10 and PM1 medians of
all sampling points was only 2.2 µg×m-3, PM4 and PM1 of
1.5 µg×m-3, and PM2.5 and PM1 of 0.8 µg×m-3 respectively
(p > 0.05 – DL5% = ±5.8 µg m-3). The correlation between
the PM fractions was very significant (p < 0.01; r = 0.996).
These results suggest that the most frequent fraction in
Ploiesti inner city was PM1, which is the most dangerous to
human health because it includes the UFP fraction (less
than 100 nanometers in diameter). These UFPs can be
deposited deeply into the lung where the residence time
can be up to several months and might be assimilated in
the circulatory system following the gas exchange [22].
Diseases related to UFPs exposure are primarily related to
lung cancer and heart diseases. Other type of pathology
that may be the result of exposure to UFPs is Crohn’s disease
and the epithelium of the gut [23].

 Since the outdoor measurement of UFP is a difficult
task requiring sophisticated equipment, we monitored the
submicrometric fraction using a reliable optical system
with a sensor-controlled heated inlet. There were many
very significant statistical differences (p < 0.001) between
locations (DL0.1% = ±2.65 µg m-3). Consequently, a
comprehensive presentation of the spatial variability
resulted from drawing thematic maps of PM1 using the
revised breakpoints and corresponding index bands
recommended by [24] for PM2.5.

The resulted maps show the concentrations of PM1 in
Ploiesti city, based on median values and maximum values
(figs.3a and 3b) following the aggregation of

concentrations obtained through measurements
performed between January and October 2015. The IDW
algorithm estimated the potential isolines of PM1
concentrations. Figure 3a displays the most impacted
areas i.e., P5 (under heavy traffic impact), P3 (under
industrial and heavy traffic impact) and P8 (under the north-
east oil refinery impact).

Therefore, in 2015, most of Ploiesti inner city had
moderate and unhealthy for sensitive groups conditions
according to US EPA revised breakpoints. Since there is no
standard available for PM1 yet, and PM1 fraction usually
records lower values compared to PM2.5 the air quality
conditions are even worst. The maximum values presented
in figure 3b confirm the elevated outdoor exposure to
submicrometric PM concentrations.

Submicrometric PM fraction and weather parameters in
Ploiesti city

Local weather parameters are important influencing
factors of air quality in urban areas [25-27]. An increase in
wind speed, precipitations, and/or RH decreases the PM2.5
and PM10 levels. Depending on local topographic and wind
conditions, an increase of the air temperature supports the
accumulation of particles. We selected for this work 4
points, 2 in west and 2 in east of the city.  The data recorded
between June and October was presented because  the
outdoor program of residents is longer, which increases
the potential exposure to PM high concentrations . Table 3
presents the aggregated data of the monitored database.
It was observed that temperature was higher in the eastern
sampling points (P3 and P4) compared to western ones,
while RH was higher in western points (P6 and P8).
Temperature was positively correlated with PM1 favoring
the particle accumulation (p < 0.03). RH had a higher

Fig. 3. PM1 concentrations in Ploiesti
city based on median values (a) and

maximum values (b)
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Table 3
 RELATIONSHIP BETWEEN THE MONTHLY AVERAGES OF PM1 FRACTION AND WEATHER PARAMETERS IN PLOIESTI IN

4 SAMPLING POINTS THAT SHOWED HIGH CONCENTRATIONS

influence on PM1 fraction (p < 0.002) showing an inverse
correlation. Atmospheric pressure ranged within the normal
interval (980-1050 hPa), while wind speed had very low
values showing stable atmospheric conditions during
samplings. The results suggest that it is important to monitor
weather parameters during PM sampling since specific
site conditions are difficult to be assessed only using data
from a distant meteorological station or modeling
algorithms. Weather parameters are useful for describing
the conditions of occurring pollution episodes. We
presented the instantaneous peak values to underline that
PM1 concentrations can reach very high values (up to 1466
µg m-3) for short periods of time. This peak values can have
harmful effects, if their occurrence coincides with
respiratory inhalation.

Conclusions
Fine and ultrafine particles have a high potential impact

on human health. Spatiotemporal and qualitative PM data
are essential for epidemiological studies to consolidate the
knowledge on influences that particle size and composition
may have on human health.

The current study investigated the spatiotemporal
variability of fine and submicrometric fractions of PM in an
important urban agglomeration from Romania i.e., Ploiesti
city. Concentrations of fine PM around schools and
kindergartens were determined using a radial network of
mobile monitoring points during the relevant hourly intervals
for exposure assessments. Our observation revealed that

contribution of PM2.5 in total PM was more than 96%, while
PM1 fraction was 94%. Collected data were used to create
air pollution health risk maps that can ensure a
comprehensive presentation of the spatial variability of
PM1. According to these results, it was observed that
Ploiesti inner city presented moderate and unhealthy for
sensitive groups conditions for particulate pollution with
PM2.5 depending on the area of the city. The monitoring of
weather parameters during the PM sampling campaings
is required to assess adequately the specific site conditions
that are influencing the microclimate and pollutants
dispersion, and consequently the exposure characteristics
during pollution episodes.

The study pointed out that the current minimum number
of sampling points for fixed measurements of PM2.5
concentrations (1 point for 0-249,000 residents) is not
sufficient because the PM2.5 levels showed an increased
spatiotemporal variability at town’s scale. Consequently,
the number of fixed sampling points in Ploiesti should be
increased and the continuous monitoring should be
performed using Beta attenuation analyzers in high-
populated areas with critical PM levels (e.g., P8, P3 and
P5).

The obtained results underlined the importance of
developing reliable monitoring plans of fine and ultrafine
particulate matter to ensure a better protection of inner
city residents against air pollution threats. To cope with
this demand, the monitoring programs must provide results
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that can be used to detect temporal trends and spatial
variability of air pollutants and should establish more or
less empirical links between human activities and the
associated environmental effects.
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