ISSN: 0042-8469

1o 0 200 ISSN: 2217-4753
vojnotehnicki.glasnik@mod.gov.rs

University of Defence

Serbia

@ Vojnotehnicki glasnik/Military Technical Courier

Monitoring and analysis of air quality and
meteorological parameters on the construction
site by the loT

@ wilivojevié, Lazar B.

Monitoring and analysis of air quality and meteorological parameters on the construction site by the loT
Vojnotehnicki glasnik/Military Technical Courier, vol. 71, no. 3, pp. 634-646, 2023

University of Defence

Available in: https://www.redalyc.org/articulo.oa?id=661775012007

DOI: https://doi.org/10.5937/vojtehg71-44315
http://www.vtg.mod.gov.rs/copyright-notice-and-self-archiving-policy.html

This work is licensed under Creative Commons Attribution 4.0 International.

z 8§ ~3.0 PDF generated from XML JATS4R by Redalyc
3‘@5@!,@ d{g Project academic non-profit, developed under the open access initiative



https://orcid.org/0009-0009-7582-0605
https://www.redalyc.org/articulo.oa?id=661775012007
https://doi.org/10.5937/vojtehg71-44315
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

LAZAR B. MILIVOJEVIC. MONITORING AND ANALYSIS OF ATR QUALITY AND METEOROLOGICAL PARAMETERS ON THE
CONSTRUCTION SITE BY THE 10T

Original scientific papers
Monitoring and analysis of air quality and meteorological parameters on the
construction site by the [oT

MOHHUTOPHHI M aHAAM3 KadeCTBA BO3AYXa M MCETECOPOAOTHMYECKHMX NapaMETPOB HA CTPOMTEABHOH IAOIJAAKE C
IIOMOIIIBIO HHTEPHETA BEIEH

MOHUTOPHHTI M aHAAM3a KBAAHTETA Ba3AyXa H METCOPOAOLIKHMX IIapaMeTapa Ha IPAAHAMIITY Y3 nomoh IoT
TEXHOAOTHja

Lazar B. Milivojevic¢a DO https://doi.org/10.5937 /vojtehg71-44315
The University "Union - Nikola Tesla", Serbia
Imilivojevic@unionnikolatesla.edu.rs

https://orcid.org/0009-0009-7582-0605

Received: 03 April 2023
Revised document received: 13 June 2023
Accepted: 15 June 2023

|
\Y Acceso abierto diamante

Abstract

Introduction/purpose: The construction industry is one of the main producers of dust, greenhouse gases and air pollutants.
Effective operation and management of construction site operations can significantly reduce projects' carbon footprints and
other environmental impacts. Through the cooperation of a scientific and research institution and a construction company, the
real-time monitoring of air quality at a construction site was implemented using IoT technologies.

Methods: An IoT-based system framework that integrates a distributed sensor network to collect real-time data and
demonstrates air quality at a construction site was implemented. Different types of sensors were used to collect data related to
NO2, PM2.5, and PM10 particles, as well as meteorological parameters — wind speed and direction, humidity, pressure, and
temperature.

Results: The results of real-time measurements provide a picture of the state of air pollution at the construction site and the
connection with construction activities that can be managed in order to reduce the concentration of polluting gases and
suspended particles. Through on-site monitoring of a construction site in Belgrade City, this study found that the dust level due
to construction activities is relatively high.

Conclusion: It can be concluded that the construction activity had a significant impact on the air quality in the construction
surrounding areas. Regarding the main factors affecting the building construction dust emission, the correlations show that
building construction dust emission was not significantly correlated with meteorological factors.

Keywords: construction site, PM concentration, correlation, meteorology.

Pesrome

BBCACHI/Ie/HeABI CTPOI/ITeAI)Ha}I OTPaCAb ABAACTCA OAHHUM H3 OCHOBHBIX MCTOYHHKOB ITBIACBBIACACHH A, HapHI/IKOBbIX ra3oB U
3arpsISHUTEACH BO3AyXa. DPPEKTHBHAS SKCIIAyaTALHsl M YIPABACHUE ONCPALMSIMH Ha OOBEKTC MOIYT 3HAYMTCABHO CHH3HUTDH
YTACPOAHBIH CACA TIPOCKTA H APYTHE BO3ACHCTBHUS HA OKPYXKAOIIyIo cpeay. I1pu corpypHHYecTBE HAYYHO-HCCACAOBATEABCKOTO
Y‘IPC)KACHI/IH cOo CTPOI/ITCAbeIMI/I KOMIIAaHUSIMU 6I)IA HPOBeAeH MOHI/ITOPI/IHI‘ KayecTBa BOSAYXQ. Ha CTPOI/ITCAI)HOI;‘I IIAOIIAaAKE B
PeXHMe peaAbHOTO BPEMEHH C CITOAB30BAHHEM TeXHOAOTHH VHTepHEeTa Bemert.

Meroasr: Beiaa BHeapena cucremuas maargopma Ha ocHoBe VIHTepHeTa Bemjeil, KOTOpash MHTETPUPYET PACIHPEACACHHYIO
CCHCOPHYIO CeTb AASL cOOpa AQHHBIX B PEKHME PEAABHOTO BPEMECHHM U ACMOHCTPALIMM KadeCTBa BO3AYXa HA CTPOMTCABHOMN
mAoIaAKe. B X0A€ MCCACAOBAHMS HCIIOAB3OBAANCH PASANYHBIC THIIBI AATIUKOB AASL cOOpa AQHHBIX, OTHOCSIUXCS K YaCTHLIAM
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NO2, PM2.5 u PM10, a Taxxe METEOPOAOTMYECKUM MaPaMETPaM — CKOPOCTH U HAIIPABACHHUIO BETPA, BAQXKHOCTH, AABACHUIO U
TeMIIepaType.

Peayabrarer: PesyabTars! OnepaTHBHBIX H3MEPEHUIT AAIOT IIPEACTABACHUE O COCTOSHHUHU 3arpsI3HECHUS aTMOCPEPHOIO BO3AYXA Ha
CTPOUTEABHOH IAOIIAAKE, BBI3BBAHHOTO CTPOUTCABHBIMU pabOTaMH, KOTOPBIMH MOXHO YIIPABAATH C LICABIO CHMDKCHMS
KOHIICHTPAIIMH BBIXAOITHBIX I'a30B M B3BCIICHHBIX YaCTHI. B pesyApraTe MOHHMTOPHMHIA CTPOHTEABHBIX ITAOLIAAOK B TOPOAC
Bearpaa BBIIBACHO, YTO YPOBEHD 3AIIBIACHHOCTH IIPU CTPOUTEABCTBE OTHOCHTEABHO BBICOK.

BriBopsr: Ha ocHOBaHMH pe3yABTATOB HMCCACAOBAHUSI MOXKHO CAEAATh BBIBOA, YTO CTPOMTCABHAS ACSATEABHOCTh OKAa3bIBACT
3HAYMTCABHOC BOBACHCTBHME Ha KaueCTBO BO3AYXa BOAMBH CTPOMTCABHON IAOIIAAKH. UTO KacaeTcsi OCHOBHBIX (aKTOpOB,
BAMSIOIUX HA BBIACACHHME CTPOUTEABHON IBIAH, KOPPEASILIMH IIOKA3BIBAIOT, YTO BBIACACHHE CTPOMTCABHOM IIBIAM HE HMEET
3HAYUTCABHOM KOPPEASIIMU C METCOPOAOTHIECKUMHU PaKTOPAMH.

KaroueBnie caoBa: CTPOUTEAbHAS TAOIIAAKA, KOHLIEHTPALIUs TY, KOPPEASIIUS, METEOPOAOTHS.

Abstract

YBoa/unn: I'paleBuncka unaycrpuja je jeaan oa raaBHux npoussobjaua mpaimmHe u racosa cTakacHe bawmte koju sarabyyjy
BasayX. EQukacHuM QyHKIIMOHMCAWEM M YIPABAAKEM OIlEpallHjaMa HA IPAAMAHINTY MOXE CE 3HATHO CMAMUTH YIAH>CHHYHU
OTHCAK IIPOjeKTa, KAO0 U APYIH YTHLQJU Ha >KUBOTHY cpepuHy. CapapmoM HaydHOUCTPaKHMBAUKe ycTaHOBe M rpabeBuHcke
KOMITaHHje PeaAH30BaHO je npahere KkBaAUTeTa BasAyxa Ha TPAAMAMIITY y peaaHOM BpeMeHy Kopuithemem IoT texroaoruja.
Meroae: Mimnaementupan je cucremcku oxkBup sacHoBaH Ha [oT TexHoAornjama Koju MHTErpuile AUCTPUOYHpPaHY CCH30PCKY
MPEXY 32 IIPUKYIIAAE IIOAATAKA Y PEAAHOM BPEMEHY U ACMOHCTPUPAhe KBAAUTETA BA3AYXa Ha rpasuauTy. PasanunTu THnosu
ceHsopa Kopnmhe}m Cy 3a IPUKYIAAEe MOAATAKA KOjH CE OAHOCE Ha NO2 u gectune PM2,5, PM10, xao u Ha METEOPOAOIIKE
napamerpe — Gp3UHY U cMep BETPa, BAKHOCT, IPUTUCAK U TEMIICPATYPY.

Pesyararn: Pesyatarn Mepema y peaAHOM BpeMeHy [PHKAasyjy CAHKY CTamba 3araf)eHOCTH Basayxa Ha IPaAMAHIUTY U TIOBE3AHOCT
ca rpal)eBMHCKUM aKTHBHOCTHMa KOjUMa Ce MOXC YIPaBAATH Kako O ce cMamHAa KOHLeHTpauuja sarayjyhux racosa u
cycrienpoBanux 4ecruua. Ilpahemem rpapmanmmra y Beorpasy yrepheno je aa je HmBo mpammse ycaep rpabesunckux
aKTHBHOCTH PEAATHBHO BUCOK.

3akmyuak: ['palyeBuHcka akTHBHOCT MMaAa je 3HAYajaH YTHIAj HA KBAAUTET BasAyxa y okoanHu rpabesunckor noapydja. Ilro ce
THYe TAABHUX $AKTOpPA KOjU yTHYY Ha eMucHjy rpalyeBuHCKe mpaminHe, Kopeaalyje oKasyjy Aa emucuja rpabeBuncke npaumnne
HHje y 3HAYajHOj KOPEAAIMjU Ca METEOPOAOIIKUM PaKTOPHMA.

Keywords: TPaAMAMIITE, KOHIIEHTPalHja PM, KOPEAAIIHja, METEOPOAOTH]a.
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Introduction

With the looming consequences of climate changes, sustainability measures, including quantifying the
amount of air pollution during various types of activities, have become an important goal in all branches of
the economy, including the construction industry. All construction sites generate high levels of pollution
over a long period of time. The construction industry is one of the main producers of greenhouse gases
(GHG) with a share of about 12% of the total world emissions. According to official figures from the
Delhi Pollution Control Committee (DPCC), 30% of air pollution by dust is caused by emissions from
construction sites. Various construction activities such as excavation, diesel engine operation, demolition,
burning and working with toxic materials contribute to air pollution. The main factor that contributes to
air pollution with nitrogen and sulfur oxides during construction projects is the use of heavy equipment,
ie., machines (excavators, loaders, bulldozers, etc.) as a result of burning the fuel used by these machines.
PM pollution is mainly attributed to excavation work. A significant source of PM 2.5 particles on
construction sites are exhaust gases from diesel engines and diesel generator sets, vehicles and heavy
equipment. Harmful substances from oils, glues, solvents, paints, treated woods, plastics, cleaning agents,
and other hazardous chemicals widely used on construction sites also contribute to air pollution.

In the Balkans, Serbia is the leader in the construction industry which is growing year by year. In August
2022, 2,562 building permits were issued. This construction trend promises a further significant increase
in the concentration of greenhouse gases and other pollutants. For these reasons, it is primarily necessary to
introduce monitoring of polluting gases and PM particles in real time in order to propose measures to
reduce the concentration of polluting gases and PM particles through insight into the amount of pollution
present and depending on the atmospheric conditions.

Although emissions of harmful substances in the construction industry are becoming more and more
significant due to the accelerated trend of construction in Serbia, a real-time emission monitoring tool,
essential to help construction teams avoid excessive emissions of harmful substances, has not yet been
introduced to the construction sites in the Republic of Serbia. The considerable importance of the
application of this system and the implementation of this type of research is for the health of employees at
construction sites who often have health problems due to the working conditions, i.c., the poor air quality
at construction sites, which sometimes reaches such a bad quality that it endangers the lives of workers.

Particulate matter (PM) is one of the most common air pollutants globally as well as nitrogen oxides
(NOx), photochemical oxidants including ozone (O3), carbon monoxide (CO), lead (Pb), and sulfur
dioxides (SO2). (EPA, 2022)

In the last few years, research has been done on the effects on dust concentration at construction sites,
with a focus on PM10 and PM2.5 (De Moraes et al, 2016; Hassan et al, 2016; Yan et al, 2019). It was
found that there are a number of factors that influence the concentration of PM particles at construction
sites. Certainly, the surroundings of construction sites represent a source of certain emissions that are
transported and registered on construction sites themselves, independently of the activities on
construction sites. These are so-called background emissions. When it comes to meteorological factors,
several studies have been done on the connection between meteorological parameters and the
concentration of polluting substances (including PM particles), and there are conflicting views on that
topic. Some authors (Arajo et al, 2014) believe that meteorology has an extremely important influence on
the concentration of PM particles at the construction site, although due to the lack of concentration data,
they failed to develop a model for the dependence of PM particle concentrations on meteorological
parameters. According to some other authors (Zhang et al, 2010), dust emissions from construction sites
have significant seasonal changes, which was also confirmed by other researchers in their research (Zhao et
al, 2010). This again indicates a strong relationship between the concentration of PM particles and
meteorological parameters. In some research (We et al, 2022) that also studied the relationship between
construction works and meteorological parameters, it was concluded that PM particles are highly
positively correlated with wind speed and relative air humidity, and weakly with temperature. In addition
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to excavation work, internal works on buildings also have a certain contribution to emissions. Kinsey et al
(2004) found that vehicles leaving a construction site can carry a large amount of dust and sediment to
nearby roads, leading to the rise of secondary dust. Azarmi et al (2014) carried out a detailed monitoring of
certain phases of work on the construction site, such as concrete mixing, drilling and cutting. PM10,
PM2.5, and PMO.1 concentrations of PM particles during drilling and cutting activities were up to 14
times higher than background concentrations. Moraes et al. (2016) focused on monitoring the
concentration of particulate matter (PM10) generated from concrete and masonry in construction
activities. These and similar studies have shown that certain phases and activities during work on
construction sites are an important factor that affects the concentration of PM particles. (Font et al, 2014).
The goal of this research is a deeper and more detailed analysis of the relationship between the
concentrations of PM particles on the construction site that are emitted due to excavation work and
meteorological parameters. The data analysis was done to check the possibility of applying artificial
intelligence to predictions of the concentration of PM particles depending on weather conditions.

Materials and methods

The experiment, which consisted of measuring the concentrations of suspended particles PM2.5 and
PM10, then NO2, as well as meteorological parameters (pressure, temperature, humidity, speed and wind
direction) was carried out at one construction site in Belgrade (Fig. 1) during 15 days in July 2022, from
the first to the fifteenth of July. The excavation zone is located west of the location of the measuring
station, while additional sources of emissions on the construction site, such as waste, carpentry and
reinforcement works, are placed on the north from the monitoring device on the constructin site. Fig. 1
shows the distances of individual emission sources from the measuring station. Emissions from other
sources come from the south and east direction and can be treated as background emissions.

waste

reinforcement
plant

waste

excavation zone 17 m

measuring
station

Figure 1

Sketch of the construction site with the marked positions of the measuring device, the excavation zone, as well as

other potential sources of emissions
PI/IC. 1- SCKI/IS CTPOHTCABHOﬁ ITAOITAAKH C OTMCYCHHBIMH MECTaMH PaCHOAO)KCHI/Iﬂ I/IaMCPI/ITCABHOFO HPI/IGOPa, 30HBI BBICMKH
FPYHTa, a TaKKE APyrI/IX BO3MO>XHBIX UICTOYHUKOB BBIGPOCOB
Canxa 1 — Ckuna rpasnanmra ca 00eACKECHIM ITOAOKAjUMa MEPHOT ypehaja, 30He HCKOMA, Ka0 M APYTHX IIOTCHIIN]AAHHX
H3BOPA EMMCHjA

During all fifteen days, two electrically-powered machines were working in the excavation area. All days
except Sunday, work was done from 13:00 to 17:00. The waste was taken away by truck every day.The
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devices used were of a sensor type and the results were recorded every 5 minutes. The RS-MG111-WIFI-1
is an air environment multi-element transmitter. It is used to detect NO2, PM2.5, and PM10. The
transmitter adopts the original imported sensor and control chip, which has the characteristics of high
precision, high resolution, and good stability. Using WIFI network transmission, it is directly connected to
the on-site WIFI network, and the connection is convenient. With the free monitoring platform software
or the free IoT cloud platform, it directly formed an online Integrated air environment monitoring system,
widely used in building HVAC, building energy saving, smart home, schools, hospitals, airport stations,
and other places. Another device is the CC-M12 weather station: an anemometer (WD, WS),
temperature, pressure and humidity with RH&T and 4G communication. The devices are portable (with
the possibility of installation outdoors and indoors). Such a system allows the manager of the construction
site and the company to have a detailed insight into the quality of the environment in real time. In doing
s0, sources of harmful gas emissions are identified from three main activities in construction: earthworks,
transport, and interior works. Different types of sensors were used to collect data related to NO2, PM2.5,
PM10 particles, as well as data related to meteorological parameters — wind speed and direction, humidity,
pressure and temperature. The web and mobile application provides data visualization (map, list, chart),
notifications/alarms when values are outside the defined range, algorithms for data processing, export to
csv file. SPSS 23.0 statistical software was used for data analysis in this study.

Results and discussion

The measurement results are shown in Table 1. The results are given as Full Day results (FD),
measurement results during the total time, 24 hours a day, for all 15 days, as well as Working Hours results
(WH) that show the separated working hours from 7 a.m. to 5 p.m. on weekdays (Monday to Saturday).

By monitoring the concentration of polluting substances, three sets of data were obtained, including
PM2.5, PM10, and NO2.

From the results shown, it can be seen that the PM2.5 concentrations ranged from 1 to 133 [,Lg/m3
throughout the day, i.e., in a period of 24 hours a day, while during working hours they ranged from 1 to

71 ug/ m>. The average value of the PM2.5 concentration for all 15 days was 15.301 pg/ m> during the

whole day's observation, while during working hours it was 14.66 ug/ m°. For all 15 days, the average daily
concentrations of PM2.5 were, respectively: 26.46, 14.69, 21.06, 26.87, 27.09, 15.76, 15.16, 16.55, 11.66,

7.26,5.75,9.38,8.36,10.20, and 15.26 pg/m°.
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Table 1
Basic statistical analysis of the measured parameters
PM2.5 PM10 NO2 (ug/
3 3 3 (kg p (kapa) T (°C) hum (%) | v(m/s)

(pgm’) | (pgym”) |m’)
FD av 15.301 16.811 94.243 1004.78 25.192 51.030 0.354
FD SD | 9.5752 11.155 131.989 2.618 6.401 18.534 0.698
FD min | 1 1 0 999 12.4 18.1 0
D 133 143 510 1010 46.2 98.3 17.8
max
WH av | 14.660 16.0597 167.741 1004.977 | 28.600 20.2 0.467
;WDH 9.147 10.577 144.859 2.835 5.556 13.749 0.574
WH 1 2 0 999 15.2 91.1 0
min
WH 71 82 510 1010 41.1 40.696 32
max

TaGAI/ILla 1 — BasoBbIil cTaTucTUYECKUH aHAANS H3MCPsICMBIX ITAPAMCTPOB
Ta6CA8. 1 — OcHOBHa cTaTHCTHYKA aHAAM3A MCPCHHX IMapaMcTapa

From the results shown, it can be seen that the PM2.5 concentrations ranged from 1 to 133 [.Lg/m3
throughout the day, i.e., in a period of 24 hours a day, while during working hours they ranged from 1 to

71 ug/ m>. The average value of the PM2.5 concentration for all 15 days was 15.301 pg/ m> during the

whole day's observation, while during working hours it was 14.66 pug/m?>. For all 15 days, the average daily
concentrations of PM2.5 were, respectively: 26.46, 14.69, 21.06, 26.87, 27.09, 15.76, 15.16, 16.55, 11.66,

7.26,5.75,9.38,8.36,10.20, and 15.26 pg/m>.

The PM10 concentrations ranged from 1 to 143 ug/m? throughout the day, i.c., in a period of 24 hours
a day, while during working hours they ranged from 2 to 82 ug/m>. The average value of the concentration
for all 15 days was 16.811 pg/m?> during the whole day of observation, while during working hours it was
16.06 ug/ m°. For all 15 days, the average daily concentrations of PM10 were, respectively: 29.18, 16.22,

23.05,30.21,30.15, 16.97, 16.04, 17.50, 12.69,7.98, 6.48, 10.55,9.11, 11.08, and 16.94 ug/m”>.

It can be noted that the highest values of PM10 and PM2.5 particle concentrations were during the
night hours, which can be attributed to stabilization of the atmosphere.

According to the WHO limits, PM2.5 should not exceed 5 pg/m3 annual mean, or 15 pg/m3 24-hour
mean while PM10 should not exceed 15 pg/m3 annual mean, or 45 pg/m3 24-hour mean. Analyzing the
average 24-hour values for PM2.5 and PM10, it can be concluded that PM2.5 represents a far greater
health hazard due to far higher values compared to the prescribed daily limits. It can be observed that more
than 50% of days, including non-working days, PM2.5 exceed the permissible 24-hour value according to
the WHO standards, which is not the case with PM10.

The NO2 concentrations ranged from 0 to 510 pg/ m> throughout the day, that is, during the 24-hour
period, as well as during working hours. The average value for all 15 days was 167.741 pg/ m> during the

whole day of observation, while during working hours it was 94.243 pg/ mo. A significant increase in NO2
concentration can be observed at the construction site during working hours. About 70% is a higher
average daily value during 10 working hours compared to all 24 hours.
The impact on the concentration of NO2 can be explained by the transport of waste that was taken to
the construction waste disposal site by truck every day, but also by the impact of traffic from nearby roads.
By monitoring meteorological data, five sets of meteorological data were obtained, including wind speed
and direction, temperature, humidity, and atmospheric pressure.
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The pressure ranged from 999 to 1010 kPa throughout the day, i.c., in a period of 24 hours a day as well
as during working hours. The average value for all 15 days was 1004.977 kPa during whole-day
observation, while during working hours it was 1004.78 kPa.

Humidity ranged from 18.1 to 98.3% throughout the day, i.e., in a period of 24 hours a day, while
during working hours it ranged from 40.696 to 91.1%. The average value for all 15 days was 51.03% during
whole-day observation, while during working hours it was 20.2%.

The temperature ranged from 12.4 to 46.2°C throughout the day, i.., in a period of 24 hours a day,
while during working hours it ranged from 15.2 to 41.1°C. The average value for all 15 days was 25.192 °C
during whole-day observation, while during working hours it was 28.6°C.

The wind speed ranged from 0 to 24.8 m/s throughout the day, i.e., in a period of 24 hours a day, while
during working hours it ranged from 0 to 3.2 m/s. The average value for all 15 days was 0.354 m/s during
the whole day of observation, while during working hours it was 0.467 m/s.

Apart from the basic statistical analysis (Table 1), a correlation analysis was done between the PM
concentration and the meteorological data. Table 2 shows that the concentrations of PM10 and PM2.5
were not significantly correlated with any meteorological factor.

Table 2

Values of the linear correlation coefficient among the measured parameters

PM2.5 p hum T v
PM10 0.987 -0.092 0.299 0.201 0.003
PM2.5 1 -0.103 0.297 0.236 0.008
P 1 0.053 0416 20.989
hum 1 -0.660 -0.030
T 1 0.326

Tabanna 2 — 3HaucHus K03$PHUIMECHTA AMHEHHON KOPPEASLIMH MEKAY M3MEPSIEMBIMH APAMETPAMU
Tabeaa 2 — Bpeanoctu anneapHor koeduuunjeHTa Kopeaanuje usmehy Mmepennx mapamerapa

A very high correlation between PM2.5 and PM 10 can be observed, indicating their same origin. The
correlation between PM particles and the meteorological parameters shows a small value that is insufficient
for the application of meteorological parameters for predictive purposes using some form of artificial
intelligence such as ANN. The highest correlation, although lower than 0.3, is between PM particles,
humidity, and temperature.

The reasons that led to this result could be that construction dust is affected by many factors.
Construction activities are a direct factor that creates construction dust and have a major impact on
construction dust much more than meteorological factors. During the monitoring period, meteorological
factors did not change too much; in this way, the influence of meteorological factors on construction dust
can somewhat be eliminated. Precipitation is the main factor influencing dust. Therefore, it can be
considered that the emission of construction dust is not significantly related to any meteorological factor
when it does not change too much. To some extent, it is in accordance with the conclusions of the urban
PM10 and PM2.5 research (Tian et al, 2014).

Fig. 2 shows the relationship between the concentration of PM10 and PM2.5 particles and the direction
of wind. The Figure shows the wind directions in degrees from 0 to 360° on the x-axis. On the y-axis,
PM2.5 and PMI10 are represented by two different colors. A high degree of correlation between PM
particles can be observed, but also that the concentrations of PM2.5 and PM10 particles are increased
when the wind takes the direction of 0°, i.e., blows from the north, then 90°, from the east, while other
wind directions are followed by lower concentrations of PM10 and PM2.5 particles. These facts coincide
with the position of waste dosposal.
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Figure 2
Dependence of the concentration of PM10 and PM2.5 particles on the construction site on the wind direction

Puc. 2 - 3aBucumocts xonuenTpanuu vactuyy PM10 u PM2,5 Ha crponTeAbHOI ITAOIIAAKE OT HAIIPABACHHUS BETPa
Cauka 2 — 3aBUCHOCT KOHIIEHTpAITHje YECTUIIA IIM10 u ITM2,5 Ha rpaauAHKIITY OA MpaBLa BETpa

Conclusion

The data of meteorological and construction intensity were collected to determine the main factors
affecting the construction dust emission, which can provide a basis for reducing the impact of dust
generated by construction activities on the surrounding area. The main conclusions of the article are as
follows:

Through on-site monitoring of a construction site in Belgrade City, this study found that the dust
emission level of construction activities is relatively high. The average PM10 concentration was 16.42 ug/

m?> and the PM2.5 concentration was 8.37 pg/m>. Analyzing the average 24-hour values for PM2.5 and
PM10, it can be concluded that PM2.5 represents a far greater health hazard due to far higher values
compared to the prescribed daily limits. In addition, compared with the upwind direction concentrations,
the construction site makes PM10 and PM2.5 downwind direction concentrations increased by around
70% and 35%, respectively, which indicates that the construction activity had a significant impact on the
air quality in the construction surrounding areas.

Regarding the main factors affecting the building construction dust emission, the results show that
building construction dust emission was not significantly correlated with any single meteorological factor
when it did not change too much.

Considering a very low correlation between the concentration of PM particles and the meteorological
parameters, the possibility of applying ANN for the purpose of creating a prediction model is excluded. A
further subject of research will be the application of machine learning in the development of a predictive
model that would aim at smart management of the construction site while taking into account the quality
of the working and living environment.
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