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Standard by 8.6-15.0 times for level A and 3.44-6.01 times for level B. Total P The majority
exceeded level A by 1.2 to 57.8 times and exceeded level B by 1.53 to 19.3 times.

+ Rainy season: By comparing the surface water environmental monitoring values from the
monitoring periods of 2018 to 2023 during the rainy season on the main channel of the Se San
River according to QCVN 08:2023 / BTNMT, it was found that: The parameters DO, ;s ~ And
Coliform levels at most locations were within the A and A limits. According to QCVN 08:2023 /
BTNMT, the parameters BODS5, COD, Total N, Total Fe, and Total P mostly exceeded the limits at
levels A and B according to QCVN 08:2023 / BTNMT, with the number of times exceeding level
B ranging from 2.37 to 21 times. In particular, the highest value of Total N was 8.29 mg / |,
exceeding the permissible level B by 5.53 times, measured at location S pc, during the monitoring
period of March 2020, and Total Fe was 21 times at location S pgs during the monitoring period of
June 2022.
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GIS - BASED SPATIAL ASSESSMENT
OF AIR QUALITY IN LANG SON PROVINCE, VIETNAM
Abstract

Spatial assessment of air quality is essential for identifying pollution hotspots and supporting
environmental management, particularly in regions with limited monitoring coverage. This study
applied Geographic Information Systems (GIS) and the Inverse Distance Weighting (IDW)
interpolation method to map the spatial distribution of ambient air quality in Lang Son Province,
Vietnam, during the dry and rainy seasons of 2025. Air quality data were collected from 23
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monitoring sites, including total suspended particulates (TSP), PM,y, SO,, NO,, and other key
pollutants. The results indicated that the concentrations of most monitored pollutants complied with
the Vietnamese National Technical Regulation on Ambient Air Quality. However, relatively high
concentrations of particulate matter were observed at several locations near major roads, border
gates, markets, industrial zones, industrial clusters, and mining areas, suggesting localized rather
than widespread air pollution. The GIS - based spatial maps effectively identified areas with
elevated pollution levels and provided an intuitive representation of seasonal air quality patterns.
The findings demonstrate that GIS combined with IDW is a practical tool for regional air quality
assessment and can provide useful scientific information to support environmental monitoring,
pollution control, and sustainable environmental management in Lang Son Province.

Keywords

Air quality assessment, GIS, IDW, Spatial interpolation, Environmental monitoring.

1. Introduction

Air pollution has become one of the most important environmental challenges worldwide due to
its adverse impacts on human health, ecosystems, and sustainable development. Rapid
urbanization, industrial expansion, increasing energy consumption, and transportation activities
have significantly increased the emissions of particulate matter (PM), nitrogen dioxide (NO,) and
sulfur dioxide (SO,), resulting in the deterioration of ambient air quality in many regions.
According to the World Health Organization (WHO), long - term exposure to air pollutants is
associated with respiratory and cardiovascular diseases, premature mortality, and reduced quality of
life. In addition to health impacts, air pollution affects agricultural productivity, ecosystem
functions, and climate change through complex atmospheric processes. Consequently, improving
air quality has become an important component of sustainable environmental management and is
closely related to the achievement of several United Nations Sustainable Development Goals,
particularly those concerning public health, sustainable cities, and climate action.

Geographic Information Systems (GIS) have become one of the most widely used tools for
spatial analysis and visualization of environmental data. In air quality studies, GIS provides an
effective platform for integrating monitoring observations with spatial information, generating
continuous distribution maps, and supporting environmental management. Because monitoring
stations are usually limited in number and unevenly distributed, GIS - based spatial interpolation
techniques are frequently applied to estimate pollutant concentrations and AQI values at
unmonitored locations. Among these methods, Inverse Distance Weighting (IDW) and Ordinary
Kriging (OK) are the most commonly used approaches due to their ability to transform discrete
monitoring data into continuous spatial information.

During the past decade, GIS applications in air quality assessment have developed from simple
pollutant mapping to more comprehensive spatial analyses. Kanakiya et al. (2015) compared
several interpolation techniques for mapping urban air pollutants in India and reported that GIS -
based interpolation effectively represented the spatial variability of air pollution under limited
monitoring conditions. Later, Vaddiraju (2019) emphasized the role of GIS in identifying pollution
hotspots and supporting environmental management, while Jumaah et al. (2019) integrated GIS
with statistical analysis to improve AQI prediction. Kamboj et al. (2022) evaluated the performance
of IDW and Ordinary Kriging for mapping PM,, SO,, and NO, concentrations and found that both
methods showed good agreement with observed monitoring data, demonstrating their applicability
for regional air quality assessment. More recently, Afghan et al. (2022) used GIS to evaluate the
spatial and seasonal variation of AQI in Kabul, highlighting the importance of spatial analysis in

264



areas with limited monitoring stations. Other recent studies, including those by Issa and Saqer
(2024) and Abdulkareem et al. (2025), further confirmed that GIS - based interpolation remains an
effective approach for environmental assessment, while recent developments increasingly integrate
GIS with meteorological variables, remote sensing data, and statistical or machine learning models
to improve prediction accuracy and spatial representation of air quality.

Although these studies demonstrate the considerable potential of GIS for air quality assessment,
most have been conducted in large cities or industrial regions where monitoring networks are
relatively dense. Comparatively fewer studies have focused on mountainous regions or border
areas, where complex topography and limited monitoring infrastructure present additional
challenges for accurately representing the spatial distribution of air quality.

In Vietnam, GIS has been increasingly applied in environmental monitoring and air quality
assessment during recent years. Previous studies have demonstrated the usefulness of GIS for
visualizing pollution patterns, integrating monitoring data, and supporting environmental
management in urban and industrial areas. Research by Nghiem Trung Dung et al. (2012)
contributed to the development of GIS - based environmental information systems for managing air
quality data, while studies by Nguyen Thi Thanh Tram et al. (2014) and Dang Vu Khac and
Nguyen Thi Van Anh, (2020) applied GIS techniques to evaluate spatial variations of air pollution
in major Vietnamese cities. These studies confirmed that GIS can effectively improve the
representation of air quality conditions compared with conventional point - based assessments.
Duong Thi Loi et al. (2022) and Tran Hai Dang et al. (2024) further explored GIS applications for
environmental assessment and spatial analysis, emphasizing the importance of geospatial
information for environmental planning and pollution control. In addition, Pham Quy Giang et al.
(2024) highlighted the role of GIS in supporting environmental management through the
integration of monitoring data and spatial information systems.

Despite these advances, several limitations remain in the current body of research in Vietnam.
First, most studies have focused on major urban centers or highly industrialized regions, whereas
mountainous provinces and border areas have received considerably less attention. Second, many
studies have primarily reported air quality monitoring results at individual sampling locations,
while relatively few have examined the spatial distribution of ambient air pollutants using GIS.
Third, spatial analyses based on GIS interpolation remain limited in regions with complex
topography, where variations in terrain and emission sources may influence pollutant distribution.
Finally, the sparse and uneven distribution of air quality monitoring stations in many provinces
restricts the ability to characterize regional spatial patterns using point - based observations alone.
These limitations highlight the need for GIS - based approaches to improve the visualization and
interpretation of the spatial distribution of air pollutants in areas with limited monitoring data.

These limitations are particularly relevant to Lang Son province, a mountainous border province
in northeastern Vietnam. The province is characterized by complex topography, including
mountainous terrain, valleys, and large elevation gradients, which may influence the spatial
distribution of air pollutants. Air quality in the region is affected by various emission sources,
including road transportation, urban activities, industrial production, and mineral exploitation.
However, studies providing spatial visualization of ambient air pollutant concentrations using GIS
remain limited, restricting the availability of spatial information for environmental assessment and
air quality management.

Therefore, this study aims to evaluate the spatial distribution of ambient air pollutants in Lang
Son province using GIS - based interpolation. Concentrations of TSP, PM;o, NO,, and SO, were
interpolated using the IDW method to generate spatial distribution maps. The resulting maps
provide a visual representation of the spatial variability of these pollutants, identify areas with
relatively elevated concentrations, and support the assessment of potential relationships between
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pollutant distribution and major emission sources. Rather than developing a new interpolation
algorithm, this study demonstrates the application of a widely used GIS technique for spatial
analysis of air quality monitoring data in a mountainous border province with a limited monitoring
network. The results provide useful spatial information to support environmental monitoring,
pollution assessment, and air quality management in Lang Son province and may serve as a
reference for similar mountainous regions in Vietnam.

2. Materials and methods

2.1. Study area

Lang Son province is a mountainous province located in northeastern Vietnam. The province
covers approximately 8,310 km? and is characterized by complex mountainous terrain and a
tropical monsoon climate with distinct dry and rainy seasons. As a major gateway for cross - border
trade between Vietnam and China, Lang Son experiences high traffic volumes around border gates
and major transportation corridors. Air quality in the province is influenced by multiple emission
sources, including road traffic, border trade activities, industrial production, and mineral
exploitation.

Ambient air quality was monitored at 23 sampling sites distributed across the province (from
KKOT (X: 2424447; Y: 438994) to KK23 (X: 2430366; Y: 440499)). The monitoring locations
were georeferenced using the VN - 2000 coordinate reference system (Transverse Mercator
projection, 3° zone, central meridian 107°15'E) (Fig 1), representing major urban, industrial,
transportation, border - gate, and mining areas.

Fig 1. Location of sampling sites in the Lang Son Province, Vietnam

2.2. Spatial mapping of air quality

Spatial air quality maps were developed by integrating geospatial and monitoring datasets within
the GIS environment. The geospatial database comprised administrative boundaries, monitoring
locations, and air quality observations, while the attribute database contained pollutant
concentrations measured at the 23 monitoring sites during the dry and rainy seasons of 2025. Prior
to spatial analysis, all datasets were standardized using the VN - 2000 coordinate reference system
(Transverse Mercator projection, 3° zone, central meridian 107°15'E) to ensure spatial consistency.

266



The spatial distribution of ambient air pollutants, including TSP, PM;,,, SO,, and NO,, was first
visualized using graduated symbols to illustrate the relative variation in pollutant concentrations
among monitoring locations. Subsequently, continuous distribution maps were generated using the
IDW interpolation method implemented in ArcGIS. IDW is a deterministic interpolation technique
that estimates values at unsampled locations based on the weighted average of neighboring
observations, assuming that points closer to the prediction location exert greater influence than
those farther away (Ware et al.,, 1991; Bartier and Keller, 1996). The interpolated value at an
unknown location is calculated as:

X = Zln=n1 WiXi _ E?=1Xi'¢_1;_f 1)
=1 Wi Yisa 4

where X is the estimated value at the unknown location, X; is the observed value at the ith
monitoring site, W; is the distance - based weight, n is the number of neighboring sampling points,
d; is the distance between the prediction location and the ith sampling point, and /3 is the distance
exponent controlling the influence of neighboring observations. In this study, the commonly
adopted value of f = 2 was used, assigning greater influence to nearby observations while
gradually reducing the contribution of more distant points.

The resulting interpolation surfaces were classified according to the concentration ranges of each
pollutant and compared with the limits specified in the Vietnamese National Technical Regulation
on Ambient Air Quality (QCVN 05:2023 / BTNMT). The generated thematic maps were used to
identify spatial patterns, pollution hotspots, and seasonal variations in air quality across Lang Son
province. This GIS - based mapping approach provides an effective means of transforming discrete
monitoring observations into continuous spatial information, thereby supporting environmental
assessment and air quality management at the provincial scale.

3. Results and discussion

3.1. Spatial distribution of air pollutants during the rainy season

Fig 2. GIS - based IDW interpolation maps of TSP, PM; , , SO ,
and NO, concentrations during the rainy season in Lang Son province, Vietnam
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The concentrations of TSP, PM,,, SO,, and NO, measured at the 23 monitoring sites during the
rainy season were all below the limits specified in the QCVN 05:2023 / BTNMT, indicating that
the overall air quality remained relatively good during the monitoring period. However, the GIS -
based IDW interpolation revealed noticeable spatial heterogeneity, with localized areas exhibiting
relatively higher pollutant concentrations than the surrounding regions.

TSP concentrations ranged from 67.43 to 123.34 ng / Nm?, with an average value of 86.97 pug /
Nm?, substantially lower than the 24 - hour regulatory limit of 200 pg / Nm?® The highest
concentration was recorded at KK4, followed by KK3, KK1, KK2, and KK6, whereas the lowest
concentration occurred at KK 14. The IDW interpolation identified a persistent high - concentration
zone in the northern part of the province, particularly around Cao Loc district. These monitoring
locations are situated near industrial clusters, brick manufacturing facilities, cement production
plants, and major transportation corridors. The observed spatial pattern therefore likely reflects the
combined influence of industrial activities, construction material handling, heavy - duty vehicle
traffic, and road dust resuspension. Conversely, mountainous and less - developed areas exhibited
considerably lower TSP concentrations, indicating relatively limited anthropogenic emissions.

PM concentrations varied more markedly than TSP, ranging from 19.40 to 85.94 pg / Nm?® at
quantified sites, while PM;, was not detected at KK2. The mean concentration of quantified
samples was 53.46 pug / Nm®, remaining well below the Vietnamese standard of 100 pg / Nm?.
Elevated PM, concentrations were mainly observed at KK15, KK19, KK18, KK16, KK22, and
KK21. The IDW map showed several localized hotspots extending across Chi Lang, Trang Dinh,
and Van Lang districts, particularly around commercial centers, border gates, railway facilities,
industrial areas, and major road intersections. These areas experience relatively intensive freight
transport, commercial activities, and vehicle movement, which are likely to enhance dust
resuspension and particulate emissions. Nevertheless, the absence of concentrations exceeding the
national standard suggests that particulate pollution remained localized rather than regionally
extensive.

SO, concentrations were consistently low throughout the study area, ranging from 4.09 to 11.43
pg / Nm?, with an average of 9.08 pg / Nm®, representing only a small fraction of the regulatory
limit. The IDW interpolation displayed a relatively homogeneous spatial pattern without
pronounced hotspots. Slightly higher concentrations appeared around KK23, KK20, KK11, KKS5,
and KK21, which are characterized by residential settlements, transportation routes, and
commercial activities. The relatively uniform distribution indicates that sulfur emissions from
industrial and transportation sources were limited during the rainy season, while wet deposition
associated with seasonal precipitation likely contributed to reducing atmospheric SO,
concentrations.

NO, concentrations ranged from 1.22 to 26.83 pg / Nm?, with a mean value of 9.35 pug / Nm?,
remaining substantially below the national standard. The highest concentration occurred at KK3,
followed by KK18, KK12, KK14, and KK22. According to the IDW map, relatively high NO,
concentrations were concentrated around industrial areas, mining sites, tourist access routes, and
border trade zones. Because NO, is primarily emitted from combustion processes, the observed
distribution is consistent with the spatial distribution of traffic density, industrial operations, and
mining - related activities. Overall, the rainy - season results indicate that although pollutant
concentrations complied with regulatory standards, localized emission sources produced distinct
spatial patterns that were effectively captured by the GIS - based interpolation.

3.2. Spatial distribution of air pollutants during the dry season

Air pollutant concentrations measured during the dry season also complied with QCVN 05:2023
/ BTNMT, indicating that ambient air quality remained generally acceptable across Lang Son
province. Compared with the rainy season, however, several pollutants exhibited moderately higher
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concentrations and more distinct spatial clustering, suggesting a stronger influence of local
emission sources under less favorable atmospheric dispersion conditions.

TSP concentrations ranged from 79.43 to 109.89 pg / Nm?, with an average concentration of
94.43 ng / Nm?. The highest concentration was observed at KK6, followed by KK3, KK2, KK1,
and KK4, whereas the lowest concentration occurred at KK23. The IDW map indicated that
elevated TSP levels remained concentrated in Cao Loc district, demonstrating a relatively stable
spatial pattern between seasons. Although concentrations increased slightly compared with the
rainy season, they remained well below the Vietnamese regulatory limit. The persistence of this
hotspot suggests that industrial production, construction material handling, and transportation
activities continue to dominate the spatial distribution of suspended particulate matter regardless of
seasonal variation.

PM;, concentrations ranged from 16.84 to 91.89 pg / Nm?® at quantified locations, while KK2
and KK14 recorded non - detectable concentrations. The highest value was measured at KK19,
followed by KK15, KK20, KK17, KK16, KK18, KK21, and KK22. Compared with the rainy
season, the IDW interpolation revealed a more continuous high - concentration belt extending
across Chi Lang, Trang Dinh, and Van Lang districts. These areas include major transportation
routes, border gates, railway facilities, industrial zones, and commercial centers where freight
transport and logistics activities are concentrated. Reduced precipitation and drier surface
conditions during the dry season may have enhanced dust resuspension, contributing to the
expansion of PM;, hotspots despite concentrations remaining below the regulatory threshold.

SO, concentrations ranged from 7.21 to 17.72 pg / Nm?, with a mean value of 12.49 pg / N2,
slightly higher than those observed during the rainy season. The highest concentration occurred at
KK10, followed by KK11, KK9, KK16, and KK13. The IDW map showed a modest increase in
SO, across the Loc Binh—Na Duong area and several transportation corridors. Although these
locations are influenced by residential activities, transportation, and nearby mining operations, SO,
concentrations remained far below the national standard, indicating limited sulfur - related air
pollution.

Fig 3. GIS - based IDW interpolation maps of TSP, PM;g, SO,
and NO; concentrations during the dry season in Lang Son Province, Vietnam
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NO, concentrations ranged from 0.015 to 33.30 pg / Nm?®, while no detectable concentrations
were recorded at KK13 and KK14. The average concentration of quantified samples increased to
16.91 ng / Nm?, with the highest concentration observed at KK22, followed by KK 19, KK3, KK2,
KK20, and KK15. The IDW interpolation identified clear NO, hotspots around the Tan Thanh
border gate, urban centers, industrial areas, and transportation hubs. These spatial patterns are
consistent with the distribution of combustion - related emission sources, particularly heavy - duty
vehicles, freight transportation, and logistics activities associated with cross - border trade.
Nevertheless, all observed concentrations remained substantially below the Vietnamese air quality
standard.

3.3. Discussion

The GIS - based IDW interpolation successfully characterized the spatial variability of ambient
air quality across Lang Son province and complemented the point - based monitoring results.
Although all measured concentrations satisfied QCVN 05:2023 / BTNMT, the interpolation maps
consistently identified localized hotspots associated with industrial areas, transportation corridors,
border gates, mining activities, and commercial centers. These findings indicate that current air
pollution in Lang Son is primarily localized rather than regionally widespread.

Among the investigated pollutants, PM;, exhibited the greatest spatial variability, followed by
TSP and NO,, whereas SO, showed the most homogeneous distribution. This pattern reflects
differences in emission sources and atmospheric behavior. Particulate pollutants are strongly
affected by road dust resuspension, construction activities, mineral exploitation, and freight
transportation, while NO, is mainly associated with fuel combustion from vehicles and industrial
operations. In contrast, the relatively low SO, concentrations suggest limited sulfur emissions and
effective atmospheric removal processes.

Seasonal differences were also evident. Concentrations of TSP, SO,, and NO, generally
increased during the dry season, and the spatial extent of PM;, hotspots became more pronounced.
These changes are likely related to reduced rainfall, weaker wet deposition, and enhanced dust
resuspension under drier conditions. Despite these seasonal variations, none of the monitored
pollutants exceeded the national ambient air quality standards, indicating that air quality remained
generally acceptable during the study period.

Opverall, this study demonstrates that integrating routine monitoring data with GIS - based IDW
interpolation provides an effective approach for visualizing spatial patterns of air pollution and
identifying localized areas potentially affected by anthropogenic activities. The generated air
quality maps provide useful baseline information for environmental management, monitoring
network optimization, and future air quality assessment in mountainous border provinces such as
Lang Son.

4. Conclusion

This study applied GIS and the IDW interpolation method to evaluate the spatial distribution of
ambient air quality across Lang Son Province, Vietnam, using monitoring data collected at 23
sampling sites during the rainy and dry seasons of 2025. Concentrations of TSP, PM,o, SO,, and
NO; at all monitoring locations complied with the limits specified in QCVN 05:2023 / BTNMT,
indicating that the overall air quality remained within acceptable levels during the study period.
Nevertheless, the IDW interpolation revealed distinct spatial heterogeneity, with localized hotspots
consistently associated with transportation corridors, border gates, industrial clusters, commercial
areas, and mining - related activities. Seasonal comparison indicated slightly higher concentrations
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of several pollutants during the dry season, reflecting the influence of meteorological conditions on
pollutant dispersion and accumulation. The integration of routine monitoring data with GIS - based
spatial analysis proved effective for visualizing air pollution patterns and identifying areas requiring
greater management attention. The resulting air quality maps provide a useful baseline for
environmental monitoring, spatial planning, and future air quality management in Lang Son
Province and other mountainous border regions of Vietnam.
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M3naTenscTBO He HECET OTBETCTBEHHOCTH 32 OITyOJIMKOBAHHBIC MaTepHaIbl.
Bce maTepuaisl 0TOOpaxaroT NepcoOHANBHYIO MO3UIMIO aBTOPOB.
Muenue M3narenscTBa MOKET HE COBIA/IaTh C MHEHHEM aBTOPOB

IMomnucano B neuats 28.07.2026 r. ®opmat 60x90/16.
[Meuars: undposas. ['apuurtypa: Times New Roman
Ven. neu. 1. 19,00. Tupax 500. 3akaz 2703.

OTneyaTaHo B pelaKIIMOHHO-H3/1aTeJIbCKOM OT/elIe
HAYYHO-U3JATEJIBCKOI'O HEHTPA «ADTEPHA»
450076, r. Ya, ya. Iymkuna 120
https://aeterna-ufa.ru
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