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Ambient air quality is a crucial environmental health determinant, 
particularly in densely populated areas like shopping centers. 
Nitrogen Dioxide (NO₂), a primary pollutant from vehicle 
emissions, poses significant risks to respiratory and 
cardiovascular health. Traders who are active in these locations 
long-term represent a vulnerable group. Data on NO₂ 
concentrations in the Jumbo Swalayan area of Manado remains 
limited, while morbidity data for Acute Respiratory Infections 
(ARI) in this region is notably high. This study aimed to measure 
the ambient NO₂ concentrations in the Jumbo Swalayan area of 
Manado City. This observational study with a cross-sectional 
design was conducted from May to July 2025. Ambient air samples 
were collected using a purposive sampling method at three points 
representing areas with the highest intensity of merchant and 
vehicle activity. Sampling was performed at three time intervals 
(morning, noon, afternoon) using a Low Volume Air Sampler 
(LVAS). The samples were analyzed in a laboratory according to 
the Indonesian National Standard (SNI) 7117.3:2016 using the 
spectrophotometric method. Data were analyzed using univariate 
descriptive statistics and compared against the national ambient 
air quality standard (Government Regulation No. 22 of 2021). The 
measurement results showed that NO₂ concentrations varied 
between 25 µg/m³ and 102 µg/m³. The highest concentration was 
found during noon at the point with the highest traffic intensity 
(102 µg/m³). Overall, all measured values remained below the 
national ambient air quality standard of 200 µg/m³. The 
concentration pattern showed an increase during noon and was 
associated with higher air temperatures and lower wind speeds. 
The ambient air quality in the Jumbo Swalayan area of Manado 
City, based on the NO₂ parameter, still complies with the national 
quality standard. However, significant temporal and spatial 
variations, with concentrations nearing half the standard limit at 
certain points, indicate a potential risk of chronic exposure for 
traders. Traffic management and periodic monitoring at identified 
hotspots are recommended as preventive measures 
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INTRODUCTION 
Environmental health is one of the important determinants in efforts to 

improve the public's health status. One of the main aspects of environmental 
health is air quality, which directly affects human health, particularly in areas 
with dense activity such as shopping centers. Air pollution, defined as the 
presence of physical, biological, or chemical substances in the atmosphere in 
harmful amounts, largely comes from motor vehicle emissions. This poses a real 
threat in urban areas with high traffic density and limited ventilation 
(Sumampouw & Nelwan, 2024; Siburian, 2020). One of the critical primary air 
pollutants is Nitrogen Dioxide (NO₂), a reactive gas formed from the combustion 
of fossil fuels and contributing to the greenhouse effect (World Health 
Organization [WHO], 2021; Sumampouw, 2020). 

Exposure to NO₂ causes serious health impacts, ranging from respiratory 
tract disorders, increased risk of respiratory infections, bronchitis, and asthma 
(Brunekreef & Holgate, 2002), to an increased risk of death due to 
cardiopulmonary diseases in long-term exposure (Hoek et al., 2013). Populations 
working in polluted environments, such as traders, are more vulnerable due to 
chronic exposure.   
 
LITERATURE RIVIEW  

The Jumbo Swalayan area in Manado City is one of the busiest shopping 
centers in North Sulawesi, located on a busy traffic route, making it highly 
susceptible to air pollutant accumulation. Several previous studies in Manado 
have indicated issues related to NO₂. Research in the basement parking area of 
Jumbo Swalayan itself showed NO₂ levels ranging from 21.10-134.04 µg/Nm³ 
(Farikah et al., 2018). More concerning, research in the Manado Shopping Center 
area, which has similar characteristics, found that although NO₂ concentrations 
(130.69-205.10 µg/Nm³) are still below the Threshold Value (NAB), they have 
already posed health risks both in real-time and over a lifetime to street vendors 
(Wenas et al., 2020). This finding confirms that regulatory limits do not always 
align with the absence of health risks. Support from local epidemiological data 
reinforces the urgency of this issue. Acute Respiratory Infections (ARI) 
consistently remain the most common diseases in Manado City. Data from 
Wenang Health Center, which covers the Jumbo Supermarket area, recorded 
2,781 ARI cases in 2024. Initial interviews at the research site also revealed that 
several vendors who have been selling for 10-20 years experienced respiratory 
problems such as ARI and asthma. This indicates a potential link between long-
term exposure to air pollution and the burden Morbidity in the community. 
Although there is data from the basement parking area (Farikah et al., 2018), 
ambient air quality monitoring throughout the entire Jumbo Swalayan area, 
which includes areas with the highest vendor activity and traffic, is still limited. 
Comprehensive monitoring is highly necessary to depict the actual exposure 
profile faced by vendors and visitors. Therefore, this study aims to measure 
ambient air quality based on NO₂ parameters in the Jumbo Swalayan area of 
Manado City. The results of this study are expected to serve as essential baseline 
data for planning environmental health interventions and protection for at-risk 
populations in the area.. 
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METHODOLOGY 
Types and Research Design  

This study is an observational study with a descriptive approach. The 
design used is cross-sectional, where the measurement of nitrogen dioxide (NO₂) 
levels is conducted at a specific point in time (May-July 2025) to describe the 
ambient air quality conditions at the research location. Time and Place of 
Research The study was conducted from May to July 2025 in the Jumbo Swalayan 
area, Manado City, located on Jalan Suprapto, Pinaesaan Sub-district, Wenang 
District, Manado City, North Sulawesi. Research Subjects The subjects of this 
study are the ambient air in the Jumbo Swalayan area, Manado City. Ambient air 
samples were taken at three sampling points. The technique used was purposive 
sampling based on certain criteria. The criteria for selecting sampling points are:  
1. Locations with the highest human activity (vendors and visitors).  
2. Locations with the highest motor vehicle traffic intensity. 

Locations representing the main area, parking area, and disposal area. Air 
sampling was carried out at 3 (three) predetermined points. At each point, 
samples were taken at three different time intervals in one day, namely:  
1. Morning: 08:30 - 09:30 WITA  
2. Afternoon: 11:15 - 12:15 WITA  
3. Evening: 15:30 - 16:30 WITA  

Measurements were repeated on different days during the study period 
to ensure data representativeness. Research Variables and Operational 
Definitions The variable in this study is the concentration of nitrogen dioxide 
(NO₂) in ambient air. NO₂ concentration is defined as the mass concentration of 
NO₂ measured in the ambient air at human breathing height (approximately 1.5 
- 2 meters above ground level), expressed in micrograms per cubic meter (μg/m³) 
or parts per billion (ppb). Tools and Materials:  
1. Equipment: Calibrated Low Volume Air Sampler (LVAS) equipped with an 

impinger containing an absorbing solution. 
2. Chemicals: Sodium Arsenite (NaAsO₂) absorbing solution or according to 

standard methods (for example, referring to the EPA Method or SNI 
7117.3:2016).  

3. Laboratory Analysis: NO₂ concentration analysis is carried out using the 
Visible Spectrophotometry method at a wavelength of 540 nm, based on the 
Griess-Saltzman reaction, producing a colored compound whose intensity is 
proportional to the NO₂ concentration.  

Sample Collection and Measurement Procedure  
1. Preparation: The impinger is filled with a specific absorbing solution 

according to standard operating procedures.  
2. Sample Collection: The LVAS is installed at predetermined sampling points 

with an inlet height of 1.5–2 meters. Air samples are drawn at a certain flow 
rate (e.g., 1 L/min) for 60 minutes at each time interval.  
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3. Storage and Transportation: After sample collection, the impinger is tightly 
closed, labeled, and stored in a cool box to be taken to the laboratory for 
analysis within a maximum of 24 hours. 

Laboratory Analysis: Samples were analyzed in the laboratory using 
spectrophotometry methods to determine NO₂ concentration. Data Collection 
and Analysis The data collected were primary data in the form of NO₂ 
concentration measurement results from the laboratory. 1. Data Analysis: Data 
analysis was conducted univariately. NO₂ concentration data from all locations 
and measurement times were summarized and presented in the form of 
frequency distribution tables, as well as descriptive statistical measures such as 
mean, standard deviation, minimum, and maximum values. 2. Comparison with 
Quality Standards: The average NO₂ concentration measurements were then 
compared with the national ambient air quality standards listed in the 
Government Regulation of the Republic of Indonesia No. 22 of 2021 regarding 
Environmental Protection and Management. Ethical Research Aspects This study 
did not involve human subjects directly. The research ethics aspect focused more 
on safety procedures and occupational health and safety (OHS) during sample 
collection, as well as the management of chemical waste from laboratory analysis 
according to applicable procedures to prevent environmental pollution. 
 
RESULT  

This section describes the concentration of NO2 in a descriptive manner, 
as shown in Table 1.  

 
Table 1. Results of NO2 Air Concentration Measurements and 

Meteorological Parameters 

Sampling 
Point 

Measurement 
Time 

Air 
Temperature 
(°C) 

Humidity 
(%) 

Wind 
Speed 
(m/s) 

NO2 
(µg/m3) 

Point 1 
N: 1o29’51.9” 
E: 
124o54’50.8” 

Morning (09:00-
10:00) 

33,3 47,5 0,2 25 

Day (11:05-12:05) 37,1 46,5 0,3 67 

Evening (15:30-
16:30) 

33,1 58,1 0,3 69 

Titik 2 
N: 1o29’51.7” 
E: 
124o50’28.1” 

Morning (08.15-
09.15) 

33,8 49,5 0,5 39 

Day (11.45-12.45) 33,8 49,5 0,5 39 

Evening (15:05-
16:05) 

32,8 58,0 0,3 36 

Titik 3 
N: 1o29’53.3” 
E: 
124o50’25.4” 

Morning (08.40-
09.40) 

33,1 56,6 0,3 40 

Day (11.30-12.30) 38,2 46,8 0,5  102 

Evening (15:00-
16:00) 

32,8 60,5 0,4 48 
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Overview of NO₂ Concentration 
Overall, NO₂ concentrations at the three sampling points showed 

significant variations, both between points and over measurement times. 
Measured NO₂ concentrations ranged from 25-102 µg/m³. The lowest 
concentration was 25 µg/m³, measured at Point 1 in the morning. The highest 
concentration was 102 µg/m³, measured at Point 3 at noon. According to 
Indonesian Government Regulation No. 22 of 2021, the ambient air quality 
standard for the NO₂ parameter with a 1-hour measurement time is 200 µg/m³. 
Therefore, all NO₂ measurement results in this study are still below the national 
standard. However, values approaching half of the standard (such as 102 µg/m³) 
indicate a level of pollution that should be monitored. 
Analysis Based on Measurement Time 

NO₂ concentration patterns tend to follow human and vehicle activity 
patterns, which is taken into consideration in purposive sampling techniques.   
a. Morning (08:15 - 10:00 WITA): NO₂ concentration is relatively lower (25 - 40 

µg/m³). This is suspected to be related to activities that have not yet reached 
their peak. The air temperature, which is not too high yet, also affects the rate 
of photochemical reactions.   

b. Midday (11:05 - 12:45 WITA): NO₂ concentration shows a significant increase 
at all points, even reaching its peak at Point 3 (102 µg/m³). This time 
corresponds to the peak of trade activities and vehicle traffic, which are 
sources of NO₂ emissions. The higher air temperature during midday 
(recorded at 37.1°C at Point 1 and 38.2°C at Point 3) can accelerate the 
formation of secondary pollutants. 

c. Afternoon (15:00 - 16:30 WITA): NO₂ concentrations show a variable pattern. 
At Point 1, the afternoon concentration is actually higher than during the day 
(69 µg/m³), which may be related to heavy vehicle traffic during rush hour 
or afternoon visitor activity. In contrast, at Points 2 and 3, the afternoon 
concentration is lower compared to daytime. 3. Analysis Based on Sampling 
Points Comparison among sampling points provides an overview of the 
spatial distribution of NO₂ pollution.  

• Point 1: Shows a consistent increase in concentration from morning to 
afternoon (25 → 67 → 69 µg/m³). This indicates that this location is 
continuously exposed to emission sources, consistent with the criteria of 
the "busiest location."  

• Point 2: Shows stable and relatively low concentrations at all 
measurement times (around 36-39 µg/m³). The same meteorological 
parameters between morning and daytime (temperature 33.8°C, 
humidity 49.5%) need to be re-verified, but these conditions and Higher 
wind speeds (0.5 m/s) are suspected to play a role in better pollutant 
dispersion.   

• Point 3: Shows very sharp fluctuations, with the highest concentration of 
the entire study (102 µg/m³) occurring during the daytime. This 
reinforces the suspicion that Point 3 (representing an area with the 
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highest traffic intensity) is a hotspot for NO₂ pollution in the area. This 
spike is very likely caused by the peak motor vehicle density at that time.   

Relationship with Meteorological Parameters 
Meteorological parameters measured also affect the observed NO₂ 

concentration.  
a. Air Temperature: The highest temperature (38.2°C at Point 3 in the 

afternoon) coincided with the highest NO₂ concentration. High temperatures 
can increase evaporative emissions from vehicles and accelerate the reactions 
that form pollutants in the atmosphere.  

b. Humidity: No consistent relationship pattern was observed between 
humidity and NO₂ concentration.  

c. Wind Speed: At Point 2, a relatively higher wind speed (0.5 m/s) is suspected 
to contribute to lower and more stable NO₂ concentrations, as the wind helps 
disperse and dilute pollutants. Conversely, low wind speeds (0.2-0.3 m/s) at 
Point 1 in the morning and afternoon may hinder dispersion, causing NO₂ 
concentrations to tend to accumulate. 

 
DISCUSSION 

The results of this study reveal the dynamics of nitrogen dioxide (NO₂) 
concentrations in the Jumbo Supermarket area of Manado City, providing an 
overview of ambient air quality and its implications for health and the 
environment. The finding that all NO₂ measurements (25–102 µg/m³) are still 
below the national ambient air quality standard (200 µg/m³) (Indonesian 
Government Regulation No. 22 of 2021) is consistent with previous studies in 
similar locations. For example, a study in the basement parking area of Jumbo 
Supermarket Manado also reported NO₂ levels (21.10–134.04 µg/Nm³) that did 
not exceed the standard (Farikah et al., 2018). Similarly, a study on the Puuruy-
Morosi road found that NO₂ levels in the morning, afternoon, and evening 
(70.30–106.20 µg/m³) were still within safe limits (Asrudin, 2023). The 
consistency of these findings indicates that although exposed to human and 
vehicle activities, NO₂ pollution levels in urban commercial areas like Manado 
can still be managed. 

However, the fact that NO₂ concentrations are still below the quality 
standards does not automatically eliminate the risk. The observed temporal 
pattern, where NO₂ concentrations increase significantly during the daytime and 
peak at Point 3 (102 µg/m³), confirms Muhammad's (2018) findings that human 
and vehicle activities are the main sources of emissions. This pattern is logical 
considering that daytime is the peak period for trade activities and traffic. The 
fluctuations in concentration between sampling points, with Point 3 as the 
hotspot, reinforce the principle in environmental health that pollutant 
distribution is uneven and highly dependent on local characteristics (Pinontoan 
et al., 2020; Sumampouw & Nelwan, 2024). Point 3, suspected to be the area with 
the highest traffic intensity, becomes the epicenter of NO₂ emissions from motor 
vehicle combustion processes. 

This variation in concentration cannot be separated from the role of 
meteorological parameters. The study results showed that the highest NO₂ 
concentration (102 µg/m³ at Point 3) occurred simultaneously with the highest 
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air temperature (38.2°C). This supports Muhammad's (2018) findings, which 
reported a strong correlation between temperature and NO₂ concentration. High 
temperatures can increase the rate of photochemical reactions in the atmosphere 
and evaporative emissions from vehicles. Conversely, higher wind speeds (0.5 
m/s) at Point 2 are suspected to contribute to lower and more stable NO₂ 
concentrations through dispersion and pollutant dilution mechanisms, a 
phenomenon also explained in the context of air pollutant dynamics 
(Sumampouw, 2020). 

Although the concentration is below the threshold, exposure to NO₂ at 
measurable levels, especially those approaching 100 µg/m³, has the potential to 
cause health effects, particularly for populations exposed over the long term, 
such as vendors. Research in the Manado Shopping Center area provides 
concerning evidence, where 56% of vendors have a lifetime NO₂ Risk Quotient 
(RQ) exceeding 1, indicating they are at risk of experiencing chronic health effects 
(Wenas et al., 2020). These findings are relevant to the context of research at 
Jumbo Swalayan, given the similar characteristics of the location and at-risk 
population. 

The health impacts of NO₂ exposure are multi-faceted. As an irritant gas, 
NO₂ can cause acute respiratory disorders such as coughing and shortness of 
breath, as well as decreased lung function, as found among vendors in gas station 
environments (in Putri, 2018). The mechanism of damage involves airway 
inflammation, ciliary damage, and reduced local immune function such as 
alveolar macrophage phagocytosis (Wardhana, 2008). Furthermore, long-term 
exposure is associated with an increased risk of chronic diseases such as asthma, 
bronchitis, and even cardiovascular disorders through mechanisms of oxidative 
stress and systemic inflammation (Syaiful & Sembiring, 2024). Therefore, even 
though ambient concentrations are still considered safe, the accumulation of 
daily and annual exposure for vendors remains a serious threat that requires 
attention. 

From a broader environmental perspective, NO₂ emissions not only affect 
direct health. NO₂ gas is a precursor to the formation of acid rain and fine 
particles (PM2.5), and it is also a greenhouse gas that contributes to global 
warming and climate change (Sumampouw, 2020). Therefore, controlling NO₂ 
emissions from urban commercial areas is not only a local public health issue but 
also part of a global responsibility in climate change mitigation.. 
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CONCLUSION AND RECCOMENDATION 
The conclusions of this study are:   

1. The ambient air quality in the Jumbo Swalayan area of Manado City based 
on NO₂ parameters during May-July 2025 still meets the quality standards of 
Government Regulation No. 22 of 2021.   

2. There are significant temporal and spatial variations. NO₂ concentrations 
tend to increase during the daytime and reach levels of concern at Point 3, 
which is associated with the area of highest traffic intensity.   

3. Meteorological parameters, particularly air temperature and wind speed, 
show a correlation with the accumulation and dispersion levels of NO₂ 
concentrations. 

Therefore, it is recommended to implement traffic management, 
especially during peak hours (midday and afternoon), conduct regular and real-
time air quality monitoring in densely commercial areas, and further research is 
suggested to include additional variables such as the number of vehicles (traffic 
counting) and to identify stationary emission sources (generators, and others). 
Inferential statistical analysis (such as correlation tests and ANOVA) can also be 
applied to examine significant relationships between these variables. 
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