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Abstract: An important aspect of air pollution analysis consists of the varied presence of particulate
matter in analyzed air samples. In this respect, the present work aims to present a case study
regarding the evolution in time of quantified particulate matter of different sizes. This study is
based on data acquisitioned in an indoor location, already used in a former particulate matter-related
article; thus, it can be considered as a continuation of that study, with the general aim to demonstrate
the necessity to expand the existing network for pollution monitoring. Besides particle matter
quantification, a correlation of the obtained results is also presented against meteorological data
acquisitioned by the National Air Quality Monitoring Network. The transformation of quantified
PM data in mass per volume and a comparison with other results are also addressed.
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1. Introduction

Particulate matter (PM) is mentioned among the important pollutants that are nec-
essary to be permanently monitored in highly populous cities in the European Union [1].
According to the mean diameter of the measured particulates, PM is classified in various
categories, PMjy being one of the most researched and regulated [2]. Although already
suspected to be dangerous, when present in great quantities in breathable air [3-6], PM
of all kinds were even more so cataloged, in a new study, after using a physicochemical
kinetic model [7] that proved the higher extent of the hazardous potential of these pollu-
tants for human health. These later studies further emphasize the necessity to pinpoint
the sources of particulate matter generators and to determine the variability in time and
space of these pollutants in preparation towards measures to hinder their presence, at least
in highly populated regions. Towards this purpose, an important factor to be considered
is the relation of PM concentration to meteorological conditions, high amounts present
in breathable air usually being in direct correlation with temperature, wind speed and
precipitation [8,9].

The legislation currently in force [2] aims at the outdoor monitoring of PM, although a
vast majority of the population carries out most of its activities indoors [10]. This is perhaps
why, lately, a variety of studies have concentrated on indoor PM measurements [10-15].
Each mentioned study had in common the measurement of PM;, and the general con-
clusion is that the indoor PM concentration is obviously strictly related to the outdoor
PM concentration; a possible measure in the case of registering high PM values could be
represented by air purification filters, especially on premises where a large and young
part of the population is situated, namely in schools [11]. As a provisionary measure, the
amount of indoor particulate matter may be reduced, with moderate expense [16] and high
efficiency [17], through utilization of air purifiers [16], although, as specified in [18], the
effectiveness of this process is highly dependent on the resuspension factors that can vary
from the surface and purpose of the indoor space, the number of people using that space,
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heating, cooling or ventilation means, etc. All these factors can be utilized in concordance
with data related to meteorological conditions, and the possible utilization of purifiers
might thus become more efficient.

The acquisition of different data related to air pollution and meteorological data is
constantly underway in large cities in most countries, and in addition to these existing
systems, some pilot projects [19-22], among which are independent ones such as [23,24], are
already using relatively cheap sensors that can be integrated in a network able to provide
real-time data on pollutant concentration and/or meteorological data. The valuable results
of all this research lacks only the will of decision makers in order to create an efficient
system that could autonomously activate, when necessary, any air purifiers in sensible
indoor locations.

The present work was intended as a case study towards creating a clearer view on
particulate matter circulation in a city that seems to lack an efficient air pollution monitoring
system. This could represent an aid to solving the problems that air pollution can create for
people’s health in agglomerated areas, and the present study can be of such aid through
results regarding the variation of PM concentration in an indoor space during a specific
time of the year. These data, correlated with meteorological conditions and compared
with official results from the National Air Quality Monitoring Network, for the same
area, exposed the limitations of the existing capabilities and the necessity to enhance their
number and efficiency. Additionally, as a novelty of the present work, the architecture
of the measuring campaign emphasized the difference in PM concentration relative to
different positions of the same indoor location.

2. Materials and Methods

The location used in the present study is the same as that used in a previous study [25],
and the timing was almost similar: namely, January, February and March months were
used for the present study measurement campaign. These months are of greater interest,
compared to the rest of the year, since the transition from the colder to warmer season
offers the possibility to determine particle matter presence unhindered by the vegetation
in its path. Additionally, similarities were encountered from the meteorological point of
view between the two sampling campaigns, in both cases, little to no precipitation being
registered.

An airborne particle counter apparatus, model Fluke 985 (Figure 1), was used to
quantify the particulate matter by different types of dimensions. Some specifications are as
follows: (i) 6 channels for measuring 0.3 um, 0.5 pm, 1.0 um, 2.0 pm, 5.0 um and 10 pm
sized airborne particles; (ii) flow rate: 2.83 L/min; (iii) light source: 775 nm to 795 nm,
90 mW class 3B laser. As a novelty for the indoor PM concentration measurement, the
measuring apparatus used in this study was placed in three different spots of the same
location, namely: S1—in the furthest point relative to the living room tilt-opened window;
S2—near the living room tilt-opened window and S3—near the balcony’s tilt-opened
window. At all times, both the balcony and the living room windows were tilt-opened, and
the height of the sampler’s position was kept constant at 1200 mm. For each sampling spot,
the same sampling program was used consisting of 168 sessions of airflow intake lasting
15 min each followed by a 45 min break and resulting in a 7-day period for each sampling
spot. The architecture used for the measuring campaign was intended to emphasize the
differences of PM concentration in three spots of the same location, starting from the
furthest to the closest distance relative to the window that was seen as the major source of
particulate matter.
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Figure 1. Fluke 985—the apparatus used to count the particle matter of different sizes [26].

The data related to meteorological conditions during sampling were collected from the
official website of the Romanian National Air Quality Monitoring Network [27], the values
being correlated with the exact timing of particle matter sampling, making the analysis of
all data easier to compare.

Conversion of data related to counts of particle matter in mass per volume (as utilized
in legislation regarding PM measurements) was done using a method that takes into
account a mean of different densities that usually characterize these types of particles [28].
This method, although it presents a great deal of error margin, is nonetheless useful in the
present study to demonstrate the indoor variation of particulate matter against time, the
particulate matter dimension used for this purpose being 10 um. This size allows for a
better highlighting of PM evolution during an entire week, since the greater particulate
mass also implies a more rapid deposition. Moreover, using the values for PM;(, another
novelty of the present study is the comparison of PM evolution data from the national
monitoring network against data of the present study, during the same period of time and
from the same area.

3. Results and Discussion

The measuring of the data obtained using the apparatus and procedure described in
the previous section was organized so that a specific time was the same for each measuring
spot. Thus, the starting time was 2 p.m., and a graphic was drawn for each particulate
matter dimension, resulting in six graphical representations with three curve series (for
each measuring spot: S1, S2 and S3) each, presented in Figure 2.

As expected, the amount of smaller particulate matter was the highest registered
during measurements. Although no reference was found in the literature, another confir-
mation was obtained related to the expectation that in the furthest measuring spot relative
to the windows, the number of airborne particulates was mostly lower than the other
measuring spots. These higher PM values near the windows are not necessarily expected
to be present in other indoor sites such as schools with numerous individuals, as referred
to in other studies [11,12]. Additionally, some unusually high values were registered, most
of them for the S3 measuring spot, the majority being confirmed for all particulate matter
dimensions. Another characteristic of smaller particulates (being airborne for longer) is
easily distinguishable from graphics depicting 0.3 and 0.5 pm PM count evolution, high
values being registered throughout the measuring period for all three measuring spots.
Different, clearer patterns begin to unveil for the data related to 1 pm PM count evolution,
higher numbers of particulates being registered starting from 8 a.m. until, usually, 12 a.m.,
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when these values fall towards zero. The same pattern is seen even clearer for heavier
particulates, the data for 10 pm dimensions being the most representative in this respect,
these reaching nil values for all measuring spots during the still time, a trend also similar
and confirmed in other studies [11,17,29].
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Figure 2. Results regarding the number of particulate matter measured in three different spots (S1—in the furthest point
relative to the living room tilt-opened window; S2—near the living room tilt-opened window and S3—near the balcony’s
tilt-opened window) and for six different dimensions (0.3; 0.5; 1; 2; 5 and 10 pm).

Regarding the meteorological data, these are presented in Figure 3, which contains
three graphics corresponding to the measuring spot that was utilized continuously, each
one for a week. The measuring campaign started from the measuring spot farthest away
from the windows; thus, the first graphic (from 30 January 2021 to 6 February 2021)
corresponds to S1, the second graphic (from 8 February 2021 to 15 February 2021) to S2 and
the last graphic (from 9 March 2021 to 16 March 2021) to S3. During the entire measuring
period, the temperature varied from —7 °C to 17 °C, a normal variation for this time of the
year. Higher temperatures were registered during the day period, as expected, and one
of the direct consequences was the increase in registered wind speeds due to promoting
the convection of air [30]. These two meteorological factors each present a similar curve to
those of the PM number variation in Figure 2, highlighting the direct contribution of high
temperature and wind speeds to a higher amount of particulate matter in the air of the
present study’s measuring spots (a pattern similar to some studies [31,32] and contrary to
others [33,34]), confirming, as mentioned in [8], the spatial heterogeneity of concentration
and meteorological factors. Opposite to this correlation, a higher value for precipitation was
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expected, as reported in [31], to decrease the number of airborne particulates. However, the
lack of long timespans with precipitation deprived the present study of such confirmation.
Two small precipitation periods were registered during measurements, and as mentioned,
a clear result in PM number variation was not noticed, mostly since the measurements
took place indoors, and a longer precipitation period would be needed to visibly affect the
registered amount of airborne particulate matter.
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Figure 3. Meteorological data from the Romanian National Air Quality Monitoring Network during the particulate matter

sampling period.

Overall, the correlation of meteorological conditions with PM concentration is an
important aspect to be considered concerning air quality prediction, although, as mentioned
in [8], other factors should be taken into account, such as the sources and components
of PM, the local climate and the terrain [8,35,36], which cause the influencing degree of
different processes to vary by region. All these factors should be thoroughly monitored for
each city or region that might implement any type of decision making based on scientific
results.

In order to place the data of the present work in context with the national legislation
limits, one batch of data was transformed using a relatively trustworthy method [28]
into data expressed in mass per volume. This data translation was realized in order to
ease a comparison with results from the National Air Quality Monitoring Network (data
selected from the closest measuring station, named GL-2), and the data batch was for PM1g
(particulate matter with diameter lower than 10 um), since this is one of the air quality
indices regulated by the national air quality law [37] and was also that presenting a clearer
variation in number during the measuring period for the present study.

Figure 4 presents the data for PMjg expressed in pg/m? against the maximum limit
that, according to the national law, should not be exceeded 35 times throughout an entire
year [37]. Considering that the transformation procedure from the PM;g number into the
PM; expressed in mass per volume is close to reality, the obtained data present a large
number of maximum limit (50 pg/m3) overruns, at least 17 times, during the week taken
into account. Although the transformation of data is not exact, since it is impossible to
precisely appreciate the density of counted airborne particulates, the results presented in
Figure 4 are believed to be not far from reality, especially since, in a previous work, higher
than normal values of airborne particulates were registered in the same location [25], as was
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the case in another paper dealing with PM;g measurements in the same city of Galati [38].
Aside from the city on which the present work focuses, other studies also reported higher
than the maximum admissible values in indoor places, such as 280.6 ng/m? in Warsaw,
Poland [11]; 578 ug/ m? in Beijing, China [39] and 322 pg/ m? in Castellén, Spain [12].
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Figure 4. Hourly mean values of PMjp, expressed in pg/m?, registered in the three measurement
spots (S1, S2 and S3), compared with the maximum admissible value according to the national
legislation.

Using the same results of PM; transformed into ng/ m?, and in order to level out any
extreme values, daily averages were calculated for each measuring spot and presented
against the maximum regulated limit. All these and the averages of results gathered by the
GL-2 measurement station of the National Air Quality Monitoring Network are presented
in Figure 5. The results from the GL-2 station are represented as curves, each of them being
calculated using the available data and corelated to the same time period as the measuring
period of this study; thus, the abbreviation in the figure represents the Romanian National
Air Quality Monitoring Network (RN) during the weeks when measurements took place
in the three mentioned spots (51, S2 and S3) for the present study.
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Figure 5. Daily mean values of PMjg, expressed in ug/m?3, registered in the three measurement
spots (S1, S2 and S3), compared with the maximum admissible value according to the national
legislation and the weekly mean values registered by the closest measuring station of the national
measuring system (RN-GL2-51, RN-GL2-52 and RN-GL2-53) during the same time as this study
measurement period.

The trends in Figure 5 are somewhat similar when comparing the results from the two
different sources of data, yet higher values are still registered for data from the present
study compared to data from the national measuring network. Similar situations are
reported in [11,12], where some indoor measurements present higher PM values compared
to outdoor PM concentrations, although these studies are focused on schools as indoor
measuring sites, where the number of individuals might represent the main reason for
these results. Additionally, in [40], some cases are presented where higher indoor values
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References

were registered in households with smoking individuals. On the contrary, in [10,41], the
values for outdoor PM concentration measurements were always higher than the indoor
ones; for that study, only households were used as indoor measuring sites. For the present
work, this difference might mainly be the result of the positioning of the measuring sites.
As already suggested in a previous work [25], some air quality monitoring locations are
not representative for all situations that might occur in a vast and industrialized city such
as Galati. Thus, a more realistic view on the variation in time of particulate matter could be
obtained in the future by diversifying and increasing the number of measuring stations
used by the National Air Quality Monitoring Network. A possibility in this respect might
be represented by small, cheap and resilient measuring units that already exist on the open
market throughout the world [23,42,43] and their potential integration into the existing
hardware and software infrastructure.

4. Conclusions

The present study demonstrates the direct dependance of particulate matter amount
on meteorological conditions, a clear correlation being emphasized for temperature and
wind speed, of which high values also correspond to high number of airborne particulates
for the indoor location used in this work. These data were also presented against the
maximum allowable by legislation and the ones registered by the National Measurement
Network. Aside from similar trends between the two PM related datasets, high values
and numerous overruns of the maximum admissible were also registered for the indoor
measurements from this study, while the values from the National Measurement Network
were always well below this maximum. The validation of the methodology used in the
present work is realized by a comparison with other studies in the literature, confirming
the correlation between indoor PM concentration and meteorological conditions.

All this being said, it is clear that a more thorough monitoring of these pollutants
in large cities might be useful for decision makers and for the general population, which
might be affected. In this respect, broader research could be undertaken, focusing on
an entire year in the same indoor location and also using a more precise and complete
instrumentation. This method of data acquisition might offer some clarifications regarding
the degree of inertia of meteorological conditions towards indoor PM quantity variation.
Additionally, the intermittent utilization of an air purifier in the same indoor location could
offer some valuable data about the utility of such an apparatus in terms of obtaining a
cleaner breathable air.
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