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Abstract: The implementation of monitoring to evaluate the concentrations @b &hd
PMzsdust in recent times, especially in major cities, is deemed essential as these are major
contributors to adverse health effects. This study has preliminarily assessed the trends of
dust concentrations at different monitoring stations, specifically 10 monitoring stations in
Hanoi during the period 2013021. The nosparametric ManwKendall testand Sen's slope
estimator were applied to determine the trend and significance of pollutants. The results
indicate that the average concentration of PM10 was approximately 70.49grgiRVL, 5

was around 40.51 pgfnboth exceeding QCVN 05:2023/BTNMT stiards. The trend in

PMio and PM s concentrations showed a general decrease, although the decrease in PM10
was more significant (5/10 stations witk:0.05) the decrease in PM2.5 was not significant
(0/10 stations with g 0.05). The studi findings have also contributed to aiding managers

in monitoring and devising specific measures to reduce dust pollution in urban areas in the
future.
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1. Introduction

Air pollution is one of the most critical environmental issues worldwide, especially in
rapidly urbanizing areas where population density and human activities exert immense
pressure on the environment. Pollution arises from diverse sources such as motor vehicle
emissions,industrial activities, construction dust, open waste burning, and residential
heating. These activities contribute to the release of a variety of pollutants into the
atmosphere, including fine particulate matter (f&hd PMs), greenhous gases, and toxic
chemicals. In recent years, there has been increasing global attention on detecting and
assessing pollution trends, motivated by the growing evidence of the detrimental effects of
air pollution on human health, ecosystems, and climaséesys. Previous studies have
extensively analyzed trends and distributions of major pollutants, including, PML s,

NO and SO , across various urban environme
techniquesTi 3].
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In the Viethamese context, research into air pollution has ganmoeinence due to the
rapid urbanization and industrialization of major cities like Hanoi. As the capital and a central
economic hub of Vietham, Hanoi had an estimated population of 8.6 million in 0T3¢
citydéds rapid economic growth, coupled with
management challenges, has exacerbated its air pollution issues, particularly concerning fine
particulate matter (PM and PM ). Numerous studies in Hanoi have focused on key aspects
of air pollution, inclding quantifying PMoand PM semissionsi 7]; Multiple studies have
documented a significant increase in these particulate matter pollutants, particularly during
the winter monthsdentifying the sources and chemical compositions ot PM, 8 10,
analyzing the spatial and temporal distributions of,BM 1i 14], investigating the role of
meteorological factors in pollutant dispersiddi[17], and evaluating the health impacts of
PM_s exposure §, 18, 19]. Two studies in 20221B, 19 identified key factors contributing
to severe air pollution episodes during winter seasbmese factors included meteorological
conditions such as low wind speeds and temperature inversions, as well as increased
emissions from residential heating and vehicular traffic. The study highlighted the alarming
levels of PMs, with concentrations frequently exceeding the World Health Organization
(WHO) air quality guidelines.Research conducted byl6] revealed the impact of
meteorological conditions and lomgnge transport oRPM:s levels in Hanoi. The study
analyzedPM: 5 concentrations at multiple sites across the city. The findings indicated that
meteorological factors, such as wind speed and direction, played a crucial role in determining
PM:z slevels, particularly during periods of stagnant air. Additionally, the study identified the
influence of longrange transport of pollutants from neighboring regions on air quality in
Hanoi

Globally, numerous methodologies have been developed to assess air pollution trends
and their influencing factors. These include emissions inventory modeling, which quantifies
pollution from sources such as public transportation, elevated railway systethgjaste
incineration, as well as advanced statistical and mathematical techniques for analyzing air
guality timeseries data. Among these, trend detection has been instrumental in evaluating
pollutant fluctuations over time and identifying critical pegoof pollution increase or
decline. For example, the Ma#endall test, a robust ngparametric statistical method, has
been widely applied for detecting monotonic trends in-t&®es air pollution dat&]. This
approach is particularly useful for datasets that arenoomally distributed or exhibit
autocorrelation.

The study area, Hanoi, is characterized by a mix of densely populated urban centers,
pertur ban zones, and suburban residenti al ar ez
pollution profile. Previous research has identified traffic, industrial ®@ons, and waste
burning as significant contributors to air pollution in the city. This study aims to address
existing research gaps by applying the M&m@ndall test to analyze the temporal trends of
PMyp and PMs levels in Hanoi over the period 202821. By combining a rigorous
statistical approach wi tehviroamefhtal characteristits, thea n o1 6
study seeks to provide insights into the patterns and potential drivers of particulate pollution
in the city.

2. Materials and Methods
2.1.Descriptionof dudyarea

Figure 1 showsa map of automated air quality monitoring stations in Hanoi, primarily
concentrated in the central areas of the city. A total of 10 monitoring stations are identified,
including Bac Tu Liem, Pham Van Dong, the Environmental Protection Agency, Tay Mo, My
Dinh, Hang Dau, Hoan Kiem, Thanh Cong, Kim Lien, and Hoang Mai.
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These stations are strategical
distributed to ensure comprehensi
data collection on air quality paramete
such as PMs, PMw, S&, NOk and
meteorological factors. The map als
includes geographical coordinates al
the spatial scale of the study area
1:750,000, providing a clear overvie\
of the spatial distribution of the
monitoring network within Hanoi's
geographical context.

2.2. Methodlogy

The research method used is tl
MannKendall (MK) test, developed by
Mann [20] and Kenddl [21] which is
widely applied in assessing seasor
trends in time series data.
For trend analysis ofPMio and
PM2s concentrations, this stud
employs the noiparametric Mann
Kendall (MK) test. Robert Hirsch
further adapted the MK test to dete
trends in concentrations of substanc Figure 1. Map of air monitoring stations in Hanoi
and climate variablesThe MK test is
applied to monthly and seasonal datas
and is particularly resilient to cases 1
missing or erroneous data’].
The structure of study was
implemented by 4 stages, include: Da
collection, Data processing, Tren
calculation and Trend analysis. All
stages are described in Figure 2
The MannKendall nonparametric
test is designed to identify trends in
time-ordered dataset (sample). Th
method compares the relativ
magnitude of elements in the seri Figure 2. A flowchart of thestudystructure
rather than their absolute values. This
approach helps prevent artificial trends that could result from local extreme values, which
might occur with standard linear trend calculations using the least squares method. Another
advantage of this method is that it does not require the sample tw fatlg specific
distribution. The calculadn formulas for this method are briefly described bdlayy.
Assume a monthly timeeries datasetigxxiz, € Xin) wherex; represents the data at time

i for the years 1, 2, €é, n.
The MannKendall statistic for month i (bis calculated as follows
S=&a,, &\, .smn0 -x (1)
where when when
when

TheMannKendal | statistic for al:l mont hs ( SNj



