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Abstract - The harmful health effects of airborne
particulate matter (PM) pollutants are well-known. However,
the spatial coverage of automated air quality observation
stations of Latvian Environment, Geology and Meteorology
Centre (LEGMC) is sparse. Therefore the capability for PM
concentration detection was examined by using the low-cost
optical PM sensor to improve the spatial resolution of
environmental data. The aim of the study was to perform
24h/7d measurements of PM2.5 and PM10 concentrations
during a period of one year and to identify air quality in
Esplanade housing estate, Daugavpils city. For data obtaining
on the concentration of PM25 and PM10 particles
measurements have been performed by optical sensor Nova
SDS011; meteorological data were obtained using the
database of LEGMC; for processing, analysis and
visualization of obtained data statistical methods were
applied. Evaluation of PM25 and PM10 daily average
concentration variability in 2020 indicates that air quality in
the urban environment could be assessed as good. A well-
expressed statistical correlation between meteorological
factors (t°C, relative humidity) and the average concentration
of PM particles was not found. It highlights the necessity of
further research.

Keywords - air pollution, environmental quality, particulate
matter sensor, PM2.5, PM10.

I. INTRODUCTION

Air pollution is a complex process that brings various
physical, chemical, organic and other pollutants into the
atmosphere that in result negatively affect living organisms
including humans, and the natural environment [1]. Among
these pollutants fine particulate matter (PM) entails harm to
human health even at relatively low concentrations; hence
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the concerns on issues dealing with public health are
straightforward. According to definitions, airborne PM
consists of a heterogeneous mixture of solid and liquid
particles suspended in the air that varies continuously in size
and chemical composition in space and time [2]. The PM
itself can be classified in several ways. However, the
aerodynamic diameter of a fine particle usually is the
generally accepted criteria to describe its transferring ability
in the atmosphere and ability to penetrate and deposit in the
respiratory tract [3]. Usually, particles have been divided
into two size categories as either (1) coarse particulate
matter (PM10) with an aerodynamic diameter of 10 um or
(2) fine particulate matter (PM2.5) with an aerodynamic
diameter of 2.5 um [3]. Because of their small size, PM
remains suspended in the air for a long time due to
turbulence of the atmosphere and, as a result of a transfer
by wind, can be transported far from their original sources
— for hundreds or even thousands of km [4].

Air pollution by fine particulate matter (PM) is common
in urban environments and currently is ranked among
important environmental concerns [5]. This type of air
pollution can be released into the atmosphere by various
activities or processes from both anthropogenic and natural
sources [6]. Anthropogenic sources and human activities
associated with PM emissions are highly variable and
include agricultural and industrial production, combustion
of fuel in transportation, energy sectors, construction and
quarrying works, wearing of the road pavement by traffic
and re-suspension of road dust, mechanical abrasion of
vehicle tires and brakes etc. [7]-[11]. In comparison, those
PM emissions occurring naturally can be accounted for by
such sources as forest fires, windblown dust, volcano
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eruptions, spores and pollen from living vegetation, sea
sprays etc. [12]-[13].

Considering that PM pollution can remain in the
suspended state over long periods and can be transported
over long distances, its harmful effect can cause a wide
range of diseases. The researchers have been identified that
exposure to high PM concentrations can cause humerous
negative health effects including disorders in lung functions
and lung cancer, asthma, exacerbation of chronic
respiratory and cardiovascular diseases, premature
mortality etc. [11], [13], [14]-[16]. Hence for the purposes
of air quality monitoring and public health data analysis,
PM10 and PM2.5 concentrations are being measured in
very many countries. In Latvia the measurements of PM
concentrations are carried out by automated air quality
observation stations of Latvian Environment, Geology and
Meteorology Centre (LEGMC). However, the spatial
coverage of these stations is sparse, i.e. only in seven
locations — two of these monitoring points are located in
Riga, other five in Liepaja, Rucava, Re€zekne, Ventspils and
Zoseni. At the same time, there is no monitoring of air
quality in the second largest city in Latvia — Daugavpils.
Considering that, the capability for PM concentration
detection in a practical application was examined by using
the low-cost optical PM sensor to monitor air quality in the
urban environment and to improve the spatial resolution of
environmental data.

The aim of the present study was to perform continuous
24h/7d measurements of PM2.5 and PM10 concentrations
during a period of one year and to identify air quality in
Esplanade housing estate, Daugavpils city. For the
obtaining of data on the PM2.5 and PM10 concentrations,
measurements have been performed by optical sensor Nova
SDS011. This sensor corresponds to a category of DIY (Do
It Yourself) measuring instruments because it can be easily
assembled from module components. Besides, thousands of
Nova SDS011 sensors are connected into the global
network which is maintained by public platform
openSenseMap at the Institute for Geoinformatics in
Munster for storing and visualising open environmental
sensor data [17]. The sensor was mounted in outdoor
environment beside the premises of the Daugavpils
University. The air intake nozzle of the sensor was put into
a downward-orientated U-shaped plastic tube ensuring that
the precipitation or small windblown physical objects
cannot get into the sensor. The characteristics of the sensor
are given in Table 1. The main advantages of such sensors
are the low-cost pollution monitoring; easy operation; low
energy consumption; high frequency of data recording
(Table 1). Therefore such sensors are well suited for
developing of widely dispersed sensor networks [18], [19].

MATERIALS AND METHODS

TABLE 1 CHARACTERISTIC OF PM SENSOR USED IN THE RESEARCH

Parameter Characteristic
Sensor model SDS011
Manufacturer Nova Fitness
Approximate price (EUR) 68
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Dimensions (mm) 71 x 70 x 23
Approximate weight (g) 50

Power supply voltage (V) 5

Working current (mA) 220

Detectable size range (um) 0.3-10

Size bins Not available

Estimated PMx concentration | PM2.5; PM10
Concentration range (ug/m®) 0-999.9

Measurement frequency once per minute

Data logging To cloud server via WiFi

The sensor was pre-calibrated by the manufacturer, and,
in addition, studies of scientific literature reveal that low-
cost optical PM sensors generally well record the trend of
PM concentration changes in the air and errors associated
with overestimates or underestimates are within the range
up to 7% [20]. Hence the results of this study can be utilised
for the monitoring of air pollution by particulate matter. The
measurements of both PM2.5 and PM10 concentrations
(unit - pg/m?) were performed every minute continuously
24h/7d during the 2020 monitoring year. All data on
concentrations were transferred via WiFi and stored in the
cloud server of the Institute for Geoinformatics in Miinster
[17].

In order to identify the correlation between weather
conditions (air t°C; relative humidity) and PM
concentrations, selection and aggregation of meteorological
data for station Daugavpils were done using the public
database of LEGMC [21]. In that way, hourly values of
meteorological data were downloaded for the whole period
of monitoring and subsequently modified by Microsoft
Excel into tables with columns containing the date, time and
record of the parameter.

The data on measured PM concentrations were
downloaded from the cloud server [17] as *.csv format files
for each month of the monitoring period, obtaining four
separate data rows — PM2.5 hourly max. concentrations,
PM2.5 hourly average concentrations, PM10 hourly max.
concentrations and PM10 hourly average concentrations,
respectively. The *.csv data rows cannot be directly used
for correlation and frequency analysis, therefore the
Microsoft Excel functions TEXT TO COLUMNS,
TRANSPOSE, MID, SUBSTITUE and CONCATENATE
were applied to convert initial raw data into the tables with
columns containing the date, time and record of the relevant
concentration value.

To assess the level of air pollution by fine PM2.5 and
PM10 particles and elucidate air quality in the urban
environment of Esplanade housing estate, the recorded
concentrations were examined in respect to exceeding the
thresholds specified by official regulations in Latvia
(Table 2).

TABLE 2 INDEX OF AIR QUALITY AND CORRESPONDING THRESHOLD
VALUES OF PM2.5 AND PM10 CONCENTRATION IN THE AIR [22]

Index of air PM2.5 threshold PM10 threshold
quality value (ug/md) value (ug/md)
Very good <10 <20
Good 10-20 20-40
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Moderate 20-25 40 -50
Poor 25-50 50 - 100
Very poor 50-75 100 - 150
Particularly poor >75 > 150

The correlation and regression analysis of the recorded
data was performed following the standard procedures of
environmental statistics and data analysis [23], [24].

Finally, interpretation of data obtained by low-cost
optical PM sensor in the course of one year period
monitoring of particulate matter air pollution in the urban
environment was done.

I11. RESULTS AND DISCUSSION

A. Monthly and intra-annual variability of PM2.5 and
PM10 concentrations

The measurements of PM2.5 and PM10 concentrations
by the sensor Nova SDS011 have been performed for one
full year, obtaining 527 040 records. After the processing of
these data, the line charts as graphic representations of the
variability of PM25 hourly max. and average
concentrations, and PM10 hourly max. and average
concentrations were analysed and compared on a monthly
scale.

The results indicate that for both PM2.5 and PM10
hourly max. concentrations air quality threshold limits were
quite often exceeded. In some months, e.g. in June, PM2.5
hourly max. concentrations for a short time exceed value
425 pg/m3. However, max. concentration reflect only the
short-period temporarily peak values which do not
characterize the overall situation of air quality. Therefore
hourly average concentrations were analysed too as it is
proposed by World Health Organization report on air
pollution [2]. From this point of view, the quality of the
environment in Esplanade housing estate can be considered
good - PM concentrations only temporarily exceeded air
quality limit values during each month. The thresholds 25
ug/m3 and 50 pg/md for PM2.5 and PM10 concentrations,
respectively, were most often exceeded in March. The most
feasible explanation of this effect is the impact of old grass
burning in the spring and releasing particulate matter by
smoke. The results of the research also reveal that PM
concentrations can fluctuate greatly at a short temporal
scale as either from one day to the next or even hourly. This
is consistent with data given in the literature on issues of
PM pollution [25].

To better estimate the quality of the environment, as
well as to get a more complete understanding on the aspects
of annual and inter-seasonal variability of the PM2.5 and
PM10 concentrations, all hourly values of 2020 was
aggregated into daily ones and plotted as a line chart. (Fig.
1). Daily average values allow us to assess air quality even
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better because they provide the information on the number
of days when exceedance of threshold limits occurred,
hence permitting to identify potential negative effects of the
PM pollution associated with longer exposure to high PM
concentrations [2]. Within the period of PM2.5 monitoring,
the 24-hour threshold limit for the protection of human
health (25 pg/m®) for this type of particulate matter
pollution concentration in the air was exceeded 7 times (Fig.
1). Thus citizens were not exposed to the negative influence
of PM2.5 particles for long period. As for PM10
particulates, the 24-hour threshold limit value for the
protection of human health (50 pg/m®) was exceeded 14
times during the measurement period, particularly in
autumn (Fig. 1). The EC Ambient Air Quality Directive
[26] and World Health Organization [2] stipulate that the
PM10 limit value should not be exceeded more than 35
times in a calendar year. Hence the results point out that air
quality in the urban environment of Daugavpils could be
assessed as good.

As for PM2.5 and PM10 particulates, the exceeding of
limit values of average daily particulates concentrations
mostly occurred in September and October (Fig. 1). This
fact can be explained by the transboundary transferring of
PM aerosols to Latvia by the wind from southern regions of
the Russian Federation and eastern Ukraine, where
extensive forest fires occurred in the autumn of 2020.

In general, during the warm period of the year from
April till October concentrations of PM particulates are
lower in comparison to the cold period (Fig. 1). This could
be explained by the decrease in solid fuel combustion at
residential dwellings during the warm season.

In order to find out the relationship between two
components of the air PM pollution, the regression analysis
of obtained data on average daily PM10 concentration
values versus average daily PM2.5 concentration values has
been performed. The results plotted in the bivariate scatter
diagram (Fig. 2) show that with an increase of the average
daily PM10 concentration values, the average daily PM2.5
concentration values also increase. Furthermore, this
regularity is confirmed by the statistical analysis, which
indicates that there is a statistically significant strong
positive linear correlation between average daily PM10
concentration and average daily PM2.5 concentration in the
air (Pearson’s correlation coefficient r = 0.89 at p<0.01).
Such a close relationship can be explained by the fact that
the group of PM10 particulates actually includes aerosols
with an aerodynamic diameter < 10 um including also finer
PM2.5 particles. However, due to differences in their
formative processes, sources of provenance and
composition, correlation is not perfect. From chart also
follows that the distribution of points in the relationship
diagram is uneven (Fig. 2).
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Fig. 1.

Variability of daily average PM2.5 and PM10 concentrations in the air of Esplanade housing estate in 2020 and the 24 hour threshold limits defined by

LEGMC for air pollution by particulate matter.

Many points form a compact group at low
concentrations — up to 20 pg/mé and 10 pg/m? for PM10 and
PM2.5 particulates, respectively. Hence it indicates that the
majority of recorded PM2.5 and PM10 daily concentrations
in the air are low, under the limit value for the protection of
human health.

y=0,3896x - 0,3231
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40 60 80
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Fig.
2. Relationship between average daily PM10 concentration and average
daily PM2.5 concentration in the air of Esplanade housing estate

(Daugavpils) in 2020.

B. Variability in hourly concentrations of PM10 and PM2.5
particulates at a daily temporal scale

In the next stage data recorded by the PM sensor were
analysed in order to find out the dynamics of changes in
hourly concentrations of PM10 and PM2.5 particulates at a
daily temporal scale for each month. For that statistical
processing of data and distribution frequency analysis have
been done. It allowed to identify when exceedance of limits
specified for air quality indices [22] occurred at certain
hours of the day. The PM10 and PM2.5 concentration daily
distribution frequencies of each month subsequently were
compared and inter-seasonal variability of ones was
estimated (Fig. 3).

The distribution frequency histogram reveals that in the
winter season there is a tendency of PM concentrations
increasing at evening hours. This increasing is most
pronounced from 17:00 till 20:00 (Fig. 3a; 3b). During these
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hours, air quality threshold values 25 pg/m? for PM2.5 and
50 pg/m?® for PM10 are also most often exceeded. During
the night time, PM concentrations decrease. However,
limited pollution by fine particulates persists throughout the
day (Fig. 3a; 3b).

The established regularity can be explained by the
impact of many private residential houses in Griva housing
estate located just on the opposite bank of the River
Daugava. In winter time residents of the aforementioned
dwelling area burn up wood or other types of solid fuel in
stoves and boilers, hence smoke and associate PM pollution
plumes are transported across the river towards Esplanade
housing estate. This finding indicates that in winter time the
main source of air pollution by PM particulates in the study
area is the combustion of solid fuel at residential dwellings.

At the spring and autumn seasons distribution frequency
patterns are similar to winter ones (Fig. 3c; 3d; 3g and 3h),
i.e. there is a tendency of PM concentration increasing at
evening hours. Notwithstanding, in the spring increasing is
shifted to late evening hours due to longer daytime. In the
autumn of 2020 more frequent exceedance of limits
specified for air quality indices is associated with
transboundary transferring of PM aerosols to Latvia by the
wind from countries, where extensive forest fires occurred.

The distribution frequency pattern at the summer season
indicates that there is no explicit regularity of the PM2.5 and
PM10 concentration variability at a daily scale (Fig. 3e; 3f).
The exceedance of limits specified for PM2.5
concentrations in the afternoon can be explained by the
suspension of dust particles by the wind when the ground
surface dries up. Besides, summer time is the period when
the flowering of many plant species occurs, thus a
significant amount of pollens enters in the atmosphere. The
fact that pollen is a direct source of PM aerosols, particularly
PM10 particulates, has been revealed in scientific studies on
PM pollution sources [4]; [11]. In comparison to other
seasons, however, air quality is much better.



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 13" International Scientific and Practical Conference. Volume 1, 223-229

o]
® O

PM2.5 |

Bos e e
o N & o

frequency of occurrence

22:00 i
23:00

21:00
00:00

o
b=
=]
~

01:00
02:00
03:00 [
04:00
07:00
08:00
10:00
11:00 s
12:00
13:00

o oo oo
a9 ee
W o
o oA oo

09:00

[]

18 1 PM2.5 *
» 16 1
S
514 4
312 4
8
o
5 10 1
g
e 81
g L
g 6 1
H
td
2
Pl | ] i |
oo oo oo o000 Q00000 Qoo oo
Scc8goc0aogocceaoaa9 oS g
ST I e - B - T O — S VI BT SR S L I )
8838858832803 4AnR23
20 4
s {[e] PM2.5
L 161
8
514 1
312 4
g
8
% 10 1
>
2 ]
2
S
H
2 61
4
-

o N B O ®

C O 0 0 0 0 0 0 Q0 00 0 0 0 0 0 0 Q0 0 Qo 0 o O
88888838888888888888888¢8
A e R R R R
0O 0O 0 0O 0 0 O O O ™ ™ v ™ ™ ™ ™ ™ = = N N NN O

20 4

15— PM2.5

16 A

-

g

§ 14 4

E

312 4

g

o

210 4

5 10

z g |

2

El M n

Z 6

@

4

24 ‘ ! I

o | o mhml |
co oo oo oo oo eoogoee o0 Qe
S8 S99 9098908908009 909Q8988S9¢9Q
S AR TR BRPEOdNMTHORGS S D NGO
S8 3388583220820 8582_]ANNAS8

0>10pg/m3  E>20pg/m3  W>25.g/m3  W>50 pg/m3

frequency of occurrence

frequency of occurrence

[B]

PM10 *

=
1 l
6 M
4 . |
q| Tairmrinil mp |l Hl
0 El| — L0 Wm0 R
c oo oo oo oo ccooooogs9Qa
Ses8ccs5sgdcsg8gcses8s5e8s5888833=s8
SR R R B A R = R =
3883885388598 328583234907
20
18 PM10 |
16
M
8
£14
g
E
212
g
o
%5 10
>
g3
3 |
g s H T
&
4
| | |
2 |
o NI | 1[I
c o oo oooocooo oo Re e e g g
S58535353365855838388506588808838¢8¢9
SRR I = R R v B B = A =t
8838858380038 ER2aRAARS
20 - !
s {[h] PM10
16 |
s
Eld
g
E
312
<10+ LN
] ‘\
g g | THIE
e 1 \
o 4 I {
‘”6 |
£ \
] L \
04 1
Q9 Q9 9 9 Qo C 9 Q9
e S oo c e e oo
A= R
gge8ad 52ag

05:00 =

Qo Q e Q (=1

S 8 S 8 S

& = 5 @ S
e

22:00
23:00
00:00

(=] QD
S © 8 8
b4 m < o
T 885 q3 283
[>20 ug/m3  ©>40 pg/m3  W>50 pg/m3  W>100 pg/m3

Fig. 3.

The frequency histograms showing inter-seasonal variability of the PM2.5 and PM10 concentration distribution at a daily temporal scale (hours of the day
when exceedance of corresponding limits specified for air quality indices occurred): examples of the PM concentration distribution for the winter season
(a and b; January as an example), the spring season (c and d; April as an example), the summer season (e and f; July as an example) and the autumn

season (g and h; October as an example).

C. Impact
concentrations

of meteorological factors on PM2.5

The regression analysis of obtained data on average
daily PM2.5 concentration values versus values of
meteorological factors (air t°C; relative humidity) have been
performed in order to elucidate possible relationships. In
this case PM10 concentrations were not analysed due to fact
that PM2.5 particulates have more harmful health effects
then PM10 [11].

Theoretically, lower temperatures in the winter season
should correlate with higher concentration of PM2.5 due to
increase in fuel combustion as well as formation of stagnant
atmospheric conditions [13], [27]. On the other hand, higher
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temperatures in the summer season should correlate with
higher concentration of PM2.5 due to remobilization of dust
by wind from dried soils and roads, as well as and enhancing
secondary photochemical reactions in the atmosphere,
which in turn increase the concentration of fine particles
[13], [28]. Despite that, no consistent, well-expressed
pattern has been found between air temperature and PM2.5
concentrations neither in the winter (Fig. 4a) nor in the
summer (Fig. 4b). Thus statistical analysis of data for the
winter season and scatter plot (Fig. 4a) indicate that there is
statistically significant, but a very weak negative linear
correlation  between air temperature and PM2.5
concentration (Pearson’s correlation coefficient r = - 0.24 at
p < 0.05).
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Fig.
4. Relationship between air temperature and PM2.5 concentration in the
air of Esplanade housing estate (Daugavpils) in the winter season (a) and
the summer season (b) of 2020.

It is obvious that the highest PM2.5 concentration values
correspond to lower temperatures, however, we have to take
into account that winter of 2020 was unusually warm and it
could have an effect on the results. Therefore the correlation
has to be examined additionally in further research. Besides,
the relationship in the summer period is not confirmed by
the statistical analysis and scatter plot (Fig. 4b), which
indicate that there is no statistically significant linear
correlation between air temperature and PM2.5
concentration (r= 0.022 at p=0.55).

Similarly, the obtained results show that relative
humidity also has no consistent correlation with PM2.5
concentrations neither in the winter nor in the summer (Fig.
5). As it follows from statistical analysis of data for the
winter season and scatter plot (Fig. 5a), there is statistically
significant, but a very weak positive linear correlation
between relative humidity and PM2.5 concentration (r =
0.22 at p < 0.05).

However, the relationship in the summer period is not
confirmed by the statistical analysis (Fig. 5b), i.e. there is no
statistically significant linear correlation between air
temperature and PM2.5 concentration (r = 0.042 at p =
0.27). Literature review reveals that some components of
PM2.5 aerosols like organic compounds and dust particles
decrease with higher humidity levels, while the
concentration of others like sulphates in contrary increases
[13], [28]. Furthermore, the higher humidity level can have
a twofold impact: on the one hand, it can lead to the
formation of microdroplets in the air causing the increase of
aerosols concentration; on the other hand, it can lead to
further condensation and to precipitation, which decreases
overall PM2.5 particulates level [13], [29].
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5. Relationship between air relative humidity and PM2.5 concentration in
the air of Esplanade housing estate (Daugavpils) in the winter season (a)
and the summer season (b) of 2020.

IV. CONCLUSIONS

The obtained results indicate the possibility to apply a
low-cost optical PM sensor for monitoring of particulate
matter air pollution in the urban environment, hence the
main goal of the study has been achieved.

Within the period of PM particulates monitoring, the
limit values for the protection of human health were
exceeded less than 35 times which is specified in
regulations. Thus citizens were not exposed to the negative
influence of PM pollution for a long period and air quality
in the urban environment could be assessed as good.

The main source of air pollution by PM particles is the
burning of solid fuel at residential dwellings in Griva
housing estate, from where pollution plumes are transported
towards Esplanade housing estate.

In general, the decrease in solid fuel combustion at
residential dwellings during the warm period of the year
results in lower PM concentrations in comparison to the
cold period.

There is a tendency of PM concentrations increasing at
evening hours in the autumn, spring.

The decreasing of air quality can be caused by the
transboundary transferring of PM aerosols to Latvia by the
wind from other countries or regions.

A well-expressed statistical correlation between
meteorological factors (air temperature, relative humidity)
and the hourly average concentration of PM particles was
not found. It highlights the necessity of further research.
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