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This study investigated the spatial and temporal variability of key air pollutants, namely
carbon monoxide (CO), sulfur dioxide (SO.), nitric oxide (NO), and fine particulate matter
(PMa2.5) emitted from multiple kerosene-powered generators in the Al-Bonouk neighborhood
of Baghdad, Iraq, was investigated. Field sampling was conducted monthly from June to
August 2024 at nine fixed outdoor locations using a systematic, point-based sampling method.
Locations were selected to reflect the generator proximity and wind direction. At each point,

Accepted: 1 September 2025 reg]-time readings were recorded monthly using a portable gas analyzer and PM detector. A total

of 27 field samples were obtained, and each sample was analyzed for four pollutants, generating

Kfzywords:. 108 analytical data points. Data were processed using bar plots, line graphs, box plots, and
Air Pollution spatial heat maps to evaluate pollutant distribution, emission hotspots, and seasonal variation.
Spatial Analysis The highest concentrations were recorded near Generator 2, CO (55.5 parts per million (ppm),
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NO (8.89 ppm), SO: (5.87 ppm), and PM2.s (0.46 pg/m?). Concentrations decreased with
distance and wind dispersion. WHO guideline comparisons confirmed consistent exceedances,
underscoring urgent health concerns and the need for regulatory action in urban areas.
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INTRODUCTION

In recent decades, air pollution has emerged as a major environmental issue because it causes
direct harm to human health and diminishes the quality of life in urban areas. The increasing
population, combined with ongoing energy demands, has led to the extensive use of electric
generators throughout urban areas for backup power needs and permanent power supply in
areas without adequate infrastructure(Murtadah et al. 2020). The generators provide essential
energy services to communities, but they emit significant air pollutants, which include nitrogen
oxides (NOx), carbon monoxide (CO), fine particulate matter (PM, ; and PM ), volatile organic
compounds (VOCs), and sulfur dioxide (SO:).(Oriakpono et al. 2022)

The main issue arises because multiple generator sites across urban areas generate major
differences in pollutant concentrations between different locations and periods. The unbalanced
spread of pollution throughout the city creates challenges for air quality management and
reduces the effectiveness of environmental policies(Geng et al., 2016). The examination of
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generator pollutant emissions throughout space and time enables researchers to detect pollution
patterns, which leads to the creation of appropriate interventions at both local and national
levels.Research indicates that generator emissions result from various factors, including the
type of fuel used (diesel or gasoline), generator combustion efficiency, age of the generator,
operational time, and environmental conditions such as building locations, traffic density, and
wind patterns(Geng et al., 2016). The operational timing pattern affects both current pollution
levels and the total amount of accumulated pollutants. The analysis of generator emissions in
urban areas remains restricted because of limited monitoring capabilities, especially in cities
with poor infrastructure and those that rely heavily on generators as their primary power source.
(Mohammed et al. 2022; Shakya et al. 2022; Ohadugha et al. 2021)Air pollution heatmaps show
the existence of “hotspots” because pollutants tend to accumulate around densely clustered
generators or those located near vital facilities, markets and hospitals. The combined pollution
from multiple generators operating in a small space results in long-lasting contaminated
environments that endanger the health of local community members(Nakano et al., 2015).
Studies indicate that pollution levels reach their highest points during specific daily periods,
particularly during early morning and sunset hours, when generator usage reaches its peak due
to power outages and rising electricity demand.(Xu et al., 2022)According to the World Health
Organization (WHO), the ambient air quality guideline limits are 4 ppm for CO (24-hour mean),
0.005 ppm for SO2 (24-hour mean), 0.053 ppm for NO: (annual mean), and 5 pg/m?* for PMz.s
.Previous studies have analyzed generator-related emissions in different countries (A. Shakya
et al. 2024; Ohadugha et al. 2021), showing localized hotspots near clustered generator zones.
However, these studies often focus on single-point measurements or indoor exposure, with
limited assessments of urban outdoor dispersion patterns in cities that are heavily dependent
on generators. Additionally, few studies have addressed seasonal variations in emissions or
provided high-resolution spatial mapping across multiple sampling sites. Therefore, this
study fills a critical gap by examining the spatiotemporal variability of multiple air pollutants
from kerosene-powered generators in a densely populated urban neighborhood. .Air quality
management in cities requires complete knowledge of dynamic changes, which necessitates
the creation of sophisticated monitoring systems that track pollutant variations across space
and time(Gulia et al., 2015). The analysis of pollutant distribution and its interaction with
environmental and meteorological factors was conducted using field-based measurements
combined with statistical visualization techniques, including time-series graphs, box plots,
and Gaussian-modeled pollution gradient maps, to capture spatial patterns and seasonal
dynamics. The ability to forecast pollution levels in particular regions at specific times enables
policymakers to create regulations regarding generator operating periods, fuel restrictions,
and location planning for new generators to reduce urban pollution(Wang & Hao 2012). This
problem affects multiple development challenges, especially in densely populated and low-
to middle-income cities, where clean energy alternatives remain unavailable or unaffordable
(Kakodia et al., 2025). The fast rate of urban growth demands an integrated strategy that links
scientific monitoring with environmental analysis and urban planning to develop sustainable
air quality management approaches.(Kumari et al. 2025; Beattie et al. 2025; Longhurst et al.
2025)This study integrated field measurements with statistical and visual analyses to identify
emission hotspots, assess seasonal trends, and compare pollutant levels with WHO standards.
The findings support more targeted environmental planning and public health risk reduction
strategies in generator-reliant communities.

MATERIALS AND METHODS

The field investigation was conducted from June to August 2024. The research team
collected 27 field samples from nine permanent outdoor sampling points (P1-P9) each month.
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Fig. 1. Study area map showing generator locations.
Source: Adapted from Google Earth (retrieved June 24, 2025).

The research team collected 108 analytical observations through the analysis of four pollutants
(CO, SO2, NO, and PM..5) in each sample.

Study Area Description

The Al-Bonouk neighborhood in Baghdad Governorate, Iraq, was selected as the study
area to investigate the impact of electric generators on the air quality and the surrounding
environment. The residential area is densely populated and depends on electric generators
because of frequent power outages. The mixed residential and commercial nature of the area
makes it a suitable location for assessing the impact of these generators on air quality and public
health. Data will be collected from various points within the neighborhood, focusing on areas
with high generator usage, to ensure the reliability of the results and to analyze the environmental
and health implications. Figure (1) presents the study area in the Al-Bonouk neighborhood of
Baghdad, using satellite imagery adapted from Google Maps. Generator locations (G1, G2, and
G3) are marked with red squares, and air quality sampling points (P1-P9) are highlighted with
yellow labels. The map includes a scale bar (100 m) for distance reference and a north arrow
for orientation (Google Earth, 2025)

The total distance measured along the street was 877.25 m. Three electric generators were
located at different points along the street, contributing to localized air pollution. The presence
of these generators indicates potential sources of air pollutants, such as particulate matter,
nitrogen oxides, and sulfur dioxide. The dense residential area surrounding the generators raises
concerns regarding residents’ exposure to these pollutants.

Meteorological Conditions During Sampling

Meteorological parameters were measured on-site using an Extech AN340 portable
environmental meter. This handheld device recorded the ambient temperature, relative humidity,
and wind speed during each sampling session. The AN340 is widely used in field-based air
quality studies and provides reliable multi-variable environmental data.(Yong et al., 2022)

Sampling Design and Locations

Field sampling was conducted from June to August 2024, which aligned with the peak

season of diesel generator use in Baghdad. Due to increased electricity demand, power outages
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Fig. 2. Locations of the sampling

are frequent in summer, and generator runtimes are extended, especially in residential areas
such as Al-Bonouk.

These months also experience extreme weather conditions. Temperatures often exceed 45°C.
The humidity is low, and the wind speed is moderate. These conditions affect the dispersion
and accumulation of pollutants in the air. Choosing this period allowed the study to capture the
worst-case exposure scenarios. Additionally, the dry season ensured stable field access with
minimal disruption from weather.

A total of nine sampling locations (P1-P9) were selected and classified based on their
positions relative to the emission sources. The points were grouped into three categories: upwind/
downwind points located at the street ends, generator-adjacent points located directly next to the
three generator units, and midpoint locations positioned between successive generators. Each
category was assigned a distinct color and symbol, as shown in Figure 2, and this classification
was used to assess spatial patterns in pollutant concentrations.(Contardo et al. 2024; Clark et
al. 2024; Shaddick et al. 2023)

Air Sampling Device (Sniffer)

The Sniffer operates as a compact portable sampling instrument that determines the total
suspended particulates (TSP) in atmospheric air. The device draws a specific volume of air
through a fiberglass filter paper at a set flow rate. The filter medium trapped particulate matter in
this setup. The device contains a built-in vacuum pump, flow meter, and digital timer that work
together to establish exact sampling conditions. The Sniffer operates in field environments to
measure air quality at 1.5 m above ground level and near intermittent emission sources, including
generators. Filter paper analysis after collection requires either weighing the paper before and
after sampling or specialized laboratory equipment to determine particulate concentrations in
micrograms per cubic meter (ug/m?*). The device functions as a vital instrument for environmental
research because it delivers precise, real-time measurements of particulate matter.(Abeykoon
et al., 2022; Zanetti et al., 2023)

The Gas Analyzer
The Gas Analyzer operates as asophisticated instrument thatdelivers immediate measurements
of ambient air pollutants, including sulfur dioxide (SO:), carbon monoxide (CO), and nitrogen
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oxides (NOx). The portable device depends on infrared absorption, electrochemical sensors,
and chemiluminescence detection technologies to measure gas concentrations, which are
typically reported in parts per million (ppm) or parts per billion (ppb). The Gas Analyzer is an
essential tool for environmental generator emission studies to assess the impact of combustion
on air quality. The device allows researchers to create comprehensive pollution profiles through
simultaneous gas measurements, enabling them to verify regulatory standards. The modern
Gas Analyzers feature built-in data logging capabilities and GPS integration, and wireless
connectivity, which enables efficient field operations and immediate real-time data transmission
for pollution level response.(Dhall et al., 2021; Petrov et al., 2022; Qi et al., 2024)

Data analysis methods

Data collected from the nine sampling sites were subjected to multiple analysis stages to
assess both spatial and temporal variations in pollutant concentrations. The measured values of
CO, SOz, NO, and PM were subjected to descriptive statistical analysis for data summary across
June, July, and August. Time-series plots, including line graphs and bar charts, were used to
show monthly changes and detect peak values at each monitoring site. Boxplot analysis revealed
dataset variability and interquartile ranges while detecting potential outliers to understand
emission patterns over time(Sadeghkhani & Sadeghkhani 2025). Each pollutant and month
received Gaussian-based pollution gradient maps to evaluate the spread of pollutants based on
the source location and wind patterns. The spatial models simulated pollutant diffusion to reveal
emission hotspots, which were most prominent around generator 2. Heatmaps were created
using Python (Seaborn and Matplotlib libraries) to generate these maps. The plots visualized
spatial and temporal variations in pollutant concentrations using a 2D matrix with sampling
sites and pollutant values. The color intensity reflects the concentration magnitude. Although
GIS-based spatial modeling was not used, this approach allowed for a visual and data-driven
representation of Gaussian-like dispersion.The recorded concentrations were compared with
the World Health Organization (WHO) ambient air quality standards to determine exceedances
and health implications. The combined assessment method allowed both numerical and
visual evaluations of pollutant behavior, which established a solid basis for evidence-based
environmental policy recommendations.(Byun et al. 2021; Zhao et al. 2024; Sartelet et al.
2025)

RESULTS AND DISCUSSION

Influence of Meteorological Conditions on Pollutant Dispersion

Table 1 shows the meteorological data showing high temperatures and moderate wind speeds
during the study period. In June, the average temperature was 43°C. It increased to 45°C in
July and 46°C in August. The wind speed ranged from 3 to 4 m/s. The relative humidity varied
between 22% and 26%.

These weather conditions affect pollutant behavior. The highest SO: levels were recorded
in July when the wind speed peaked at 4 m/s. Faster winds and higher temperatures may have
supported wider dispersion and sulfur oxidation. In contrast, the PM concentration peaked in
June. High heat and low humidity likely allowed the fine particles to remain suspended in the air.

Table 1. Monthly Averages of Meteorological Parameters in Baghdad During the Sampling Period

Month Temperature (c°) humidity % wind speed (m/s)
June 43 22 3
July 45 22 4

August 46 26 3
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Fig. 3. Variability of Air Pollutants Across Sampling Locations

In August, the humidity rose to 26%, whereas the wind speed decreased slightly. These
conditions may have encouraged more pollutant settlement and reduced airborne concentrations.
Overall, the results highlight the seasonal impact of temperature, wind, and humidity on the
spread and accumulation of airborne pollutants.

Temporal and Spatial Variability of Air Pollutants Across Sampling Locations

Figure (3) illustrates the analysis of air pollutant concentrations throughout the study area from
June to August, demonstrating both spatial patterns and seasonal trends. The CO concentration
reached its peak value of 55 ppm near Generator 2 in June. The location experienced both
increased fuel combustion and extended generator operation periods. The expected diffusion
effect was confirmed by the progressive decrease in CO concentrations from the midpoints
to the downwind areas, especially at the far ends of the street. The fuel-based emission origin
of SOz and NO was confirmed by their similar spatial distribution, which showed significant
reductions at street edges and upwind/downwind sites. Peak SO: levels occurred in July,
possibly because of elevated ambient temperatures that enhanced oxidation processes. The
Particulate Matter (PM) levels showed a continuous decrease at all locations during the study
period, with the highest readings in June, which matched the hotter weather conditions and
dustier environments. The distant points experienced the most significant decrease in PM values
because of the effective atmospheric dispersion. The results demonstrate that emission source
proximity, together with seasonal weather patterns, strongly affects pollutant distribution, with
Generator 2 being a major emission source that requires emission control measures.

Effect of Distance and Generator Proximity on Pollutant Levels

Figure 4 shows site-specific pollutant dominance more clearly when analyzing locations
within a month. Generator 2 (P5) produces the highest emission intensity across all pollutants
throughout every month, which establishes its position as the main emission source. The
pollutant levels at the points adjacent to the generators (P2, P3, P4, P6, P7, and PS8) were
more similar to those near the generators than to those at distant background sites, indicating
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Fig. 4. Effect of Distance and Generator Proximity on Pollutant Levels

substantial spatial overlap or combined pollution from adjacent sources. The pollutant levels
of CO and NO remained steady between June and August, but SO2 and PM concentrations
decreased substantially at both street ends and wind-exposed points. The dispersion mechanisms
work better for heavier or more reactive pollutants, such as SO: and particulates, because these
substances are affected by local weather patterns and possibly reduced generator operation or
environmental dust amounts during later months. Figure 4 shows that the upwind and downwind
areas (P1 and P9) always showed reduced emissions, which confirms the wind’s impact on
pollutant movement and supports the strategic placement of residential areas and sensitive land
uses near prevailing wind directions.

Monthly Dispersion and Statistical Distribution of Air Pollutants

Figure 5 presents the box plots grouped by month for each pollutant. This revealed seasonal
trends and variations in pollutant levels. CO and NO spread more in June, whereas SO peaked
in July. PM2.s values were relatively low but fluctuated more during the warmer months. This
time-based visualization highlights the influence of seasonal factors on emission behavior.

The interquartile range (IQR) values for CO, NO, and PM were wider in June, indicating
that the values were spread across different sampling locations. The results indicate that there
were more uneven emissions, which could be attributed to higher generator loads or fluctuating
operational durations during early summer. August showed reduced IQRs across most pollutants,
particularly for PM, indicating a more uniform distribution and potential stabilization in
environmental conditions or generator usage.

The SO2 boxplots showed a clear peak in July, with a higher median and wider range than
in other months. This could be due to increased sulfur oxidation at higher ambient temperatures
or changes in the fuel combustion efficiency. The overall decrease in variability from June to
August across all pollutants indicates the gradual dissipation of concentrated emissions and
convergence towards background levels in the peripheral zones. It is also important to note that
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there were no statistical outliers for any of the pollutants across the months, which strengthens
the consistency of the data and the validity of the sampling approach.

The box plots in Figure 6 show the complete distribution patterns of each pollutant. The
visualization combined data from all sampling locations and months to show the median values,
interquartile ranges, and outliers. The visualization helps researchers understand the overall
spread and variability of pollutant concentrations in the study area.The interquartile range
of carbon monoxide (CO) was the highest, indicating significant variability because of the
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Fig. 7. Gradient Map of Air Pollutants

differences in generator location and operation intensity. The distribution of Nitric oxide (NO)
values showed moderate variation while remaining steady throughout the entire dataset. The
sulfur dioxide (SO:) concentrations showed minimal variation, with some localized changes.
Fine particulate matter (PM..s), expressed in pg/m?, appeared to have the most stable distribution,
with lower values and minimal dispersion. These statistical patterns imply that CO and NO are
the most variable and dominant pollutants in the study area, whereas SO2 and PM2.s occurred
at lower and more consistent concentrations. This distribution enhances our understanding of
emission behavior and pollutant exposure risks in generator-dense urban environments.

Spatio-Temporal Dispersion of Air Pollutants Based on Gradient Mapping

Figure (7) illustrates the multi-panel gradient maps that enable detailed spatial and temporal
assessments of air pollutant dispersion using real concentration data collected from nine
strategically located sampling points. The highest intensity zones of CO, SO., NO, and PM
pollutants appeared consistently at the study area midpoint near Generator 2 at PS5, which verified
its position as the main emission source. The CO and NO maps displayed the most extensive
concentration plumes in June and July, which exceeded 50 ppm and 8 ppm, respectively.
The observed distribution matched the expected combustion dynamics because the generator
proximity and operational frequency directly affected the concentration levels.

The SO: concentration reached its highest point in July, showing a wider spatial distribution
because summer heat enhanced sulfur oxidation. The PM dispersion pattern showed limited
spread, while June recorded peak concentrations because dry weather conditions allowed more
particulate matter to remain suspended in the air. All sampling points (P1 and P9) located at the
outer boundaries of the street network recorded minimal pollutant values, demonstrating how
the distance from emission sources and wind direction patterns reduce pollutant concentrations.
The spatial gradient mapping technique used in this study provides better interpretability than
standard line and bar plots by showing emission hotspots and dispersion patterns across the
street domain.
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Effects of wind direction on pollutant dispersion

The study area experienced pollutant dispersion patterns that were heavily influenced by
the wind direction. The main wind direction, which moved from northwest to southeast along
the street axis, strongly affected the distribution of the generator emissions. The gradient maps
of all pollutants demonstrated a regular decrease in concentration values that started at the
central emission points, especially Generator 2 (P5), and continued toward the southeast street
end. The locations situated in the downwind direction showed reduced pollutant concentrations
compared to the surrounding emission sources because wind helped spread and reduce pollutant
concentrations. The background pollutant levels at upwind locations remained slightly higher
than those at distant peripheral areas because of restricted ventilation and localized stagnation.
Wind-driven transport affects CO and PM dispersion the most because these pollutants are
highly sensitive to wind movements. The analysis of wind effects improves the accuracy of
exposure risk assessment and demonstrates why meteorological parameters must be included
in future emission modeling and urban air quality planning.

Policy Implications

This study utilized pollution gradient mapping as a strong spatial diagnostic tool for
environmental risk assessment and emission control planning. The visualization of pollutant
concentration distributions across street corridors enables researchers to detect high-
emission hotspots, transitional exposure zones, and low-risk peripheral areas. Detailed spatial
information helps create environmental risk zones, which enable focused interventions instead
of widespread control strategies. The repeated detection of Generator 2 peak emissions for
different pollutants and months indicates that targeted regulatory measures or operational
changes should be implemented in that area. The model improves its predictive accuracy for
future dispersion patterns by analyzing the pollutant intensity with wind direction and spatial
location. The method converts raw monitoring information into simple spatial knowledge,
which provides a useful framework for developing evidence-based recommendations regarding
receptor placement and generator positioning and fuel quality standards. Pollution gradient
mapping provides substantial value for environmental policy development and public health
defense through evidence-based zoning and emission reduction approaches. (Sigsgaard &
Hoffmann 2024)

Comparison of regulatory standards

Figure 8 presents a comparative analysis of the measured concentrations of major air
pollutants—CO, SOz, NO, and PM..s, and the World Health Organization (WHO) air quality
guidelines. The figure includes monthly values across all sampling points, with WHO limits
indicated as red dashed lines for reference.The measured concentrations of carbon monoxide
(CO) consistently exceeded the WHO limit of 4 ppm across all sites and months, with peak
values observed near Generator 2 (P5). Similarly, the nitric oxide (NO) levels were considerably
higher than the recommended maximum of 0.053 ppm, indicating significant emissions likely
linked to diesel combustion.Sulfur dioxide (SO:) showed fluctuating patterns but still exceeded
the 0.005 ppm limit, particularly in June and July, suggesting increased generator activity during
early summer. PMz.s, converted and expressed in pg/m?®, remained below the WHO threshold
of 5 ng/m?; however, the data still reflect elevated particulate exposure during low-humidity
months. This figure highlights the spatial and temporal patterns of air pollution and emphasizes
the critical exceedances above regulatory thresholds, which pose substantial public health
risks, particularly in densely populated urban areas. The major exceedance of all monitored
pollutants demonstrates the immediate need for policies to reduce both immediate and future
health dangers.(Irfan, 2024)
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Fig. 8. Comparison with Regulatory Standards

Public health implications

The high levels of air pollutants detected in this study pose major health risks for people
living in densely populated residential areas where generator emissions are present. Prolonged
exposure to high CO concentrations reduces blood oxygen delivery, which creates cardiovascular
dangers for children, elderly people, and those with existing respiratory problems. Excessive
SO : concentrations trigger bronchoconstriction and cause more asthma attacks, even after brief
exposure periods. The detection of NO asa NO: proxy indicates possible respiratory inflammation
and worsening of chronic pulmonary diseases. Elevated PM levels represent PM..s exposure,
have been proven to lead to lung cancer, cardiovascular disease, and premature death in the long
term. The spatial distribution of these pollutants, which accumulate near generator sites and
are influenced by wind direction patterns, leads to uneven exposure and health disparities. This
research demonstrates the immediate requirement for public health interventions, which should
include better emission regulations, cleaner fuel selection, and generator placement outside
sensitive locations such as schools and healthcare facilities(de Bont et al., 2024). Recent studies
have shown that Baghdad is one of the most polluted cities in the world. PM..s levels reached
80.1 pg/m?, over 16 times higher than the WHO guideline of 5 pg/m?. This extreme pollution
has been linked to an increase in respiratory and cardiovascular diseases among city residents.
For example, measurements from the Al-Waziriya monitoring station recorded SO: levels as
high as 0.067 g/m? in October, exceeding the safe exposure limits. These findings highlight the
urgent need for stricter emission controls and targeted public health actions in Baghdad(Rabie
et al., 2024).

CONCLUSIONS

This study provides a complete evaluation of the distribution of generator-based air pollutants
across space and time in densely populated urban areas. The results show that pollutant levels are
not distributed evenly because they strongly depend on the generator location, wind direction,
and seasonal weather patterns. Generator 2 was the main emission source for all pollutants
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during every month of the study. The street-end and wind-aligned sampling points showed
lower pollutant concentrations than the other locations. Pollution intensity peaked during early
summer before decreasing in August because generator usage decreased, and environmental
conditions stabilized. The combination of pollution gradient mapping with statistical analysis
improved spatial trend detection to provide essential information for urban planners and
policymakers. The significant violation of WHO air quality standards for CO, SO, NO, and
PM indicates an urgent requirement for regulatory enforcement, together with the use of
clean energy alternatives. This study supports the implementation of specific emission control
measures, urban risk zoning systems, and enhanced environmental monitoring to reduce public
health risks and achieve sustainable air quality management.

GRANT SUPPORT DETAILS
This research did not receive any financial support.
CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest regarding the publication of this
manuscript. In addition, the ethical issues, including plagiarism, informed consent, misconduct,
data fabrication and/or falsification, double publication and/or submission, and redundancy,
have been completely observed by the authors.

LIFE SCIENCE REPORTING
No life science threat was practiced in this research.

ACKNOWLEDGEMENTS

The authors would like to thank Mustansiriyah University (www. uomustansiriyah.edu.iq),
Baghdad, Iraq, for its support in the present work.

REFERENCES

Abeykoon, A. M. H., Poon, M., Firestone, S. M., Stevenson, M. A., Wiethoelter, A. K., & Vincent, G. A.
(2022). Performance evaluation and validation of air samplers to detect aerosolized Coxiella burnetii.
Microbiology Spectrum, 10(5), €00655-22.

Beattie, C. 1., Elsom, D. M., Gibbs, D. C., Irwin, J. G., Jefferson, C. M., Ling, K., Longhurst, J. W.
S., Pill, D. F. H. P. M. A. J., Rowe, J., & Simmons, A. (2025). Best Practice in English Local Air
Quality Management: Principles illustrated by some examples of current practice. WIT Transactions
on Ecology and the Environment, 37.

Byun, H. G., Lee, N., & Hwang, S. (2021). A systematic review of spatial and spatio-temporal analyses
in public health research in Korea. Journal of Preventive Medicine and Public Health, 54(5), 301.

Clark, L. P., Zilber, D., Schmitt, C., Fargo, D. C., Reif, D. M., Motsinger-Reif, A. A., & Messier, K. P.
(2024). A review of geospatial exposure models and approaches for health data integration. Journal
of Exposure Science & Environmental Epidemiology, 1-18.

Contardo, T., & Loppi, S. (2024). Assessing Environmental Justice at the Urban Scale: The Contribution
of Lichen Biomonitoring for Overcoming the Dichotomy between Proximity-Based and Distribution-
Based Approaches. Atmosphere, 15(3), 275.

de Bont, J., Krishna, B., Stafoggia, M., Banerjee, T., Dholakia, H., Garg, A., Ingole, V., Jaganathan, S.,
Kloog, I., & Lane, K. (2024). Ambient air pollution and daily mortality in ten cities of India: a causal
modelling study. The Lancet Planetary Health, 8(7), e433—e440.

Dhall, S., Mehta, B. R., Tyagi, A. K., & Sood, K. (2021). A review on environmental gas sensors:



1445 Pollution 2025, 11(4): 1433-1446

Materials and technologies. Sensors International, 2, 100116.

Earth, G. (2025). Satellite imagery of Al-Bonouk neighborhood of Baghdad, Iraq.

Geng, Z., Chen, Q., Xia, Q., Kirschen, D. S., & Kang, C. (2016). Environmental generation scheduling
considering air pollution control technologies and weather effects. I[EEE Transactions on Power
Systems, 32(1), 127-136.

GOOGLE. (2025). Al-Bonouk, Baghdad, Iraq. https://www.google.com/maps

Gulia, S., Nagendra, S. M. S., Khare, M., & Khanna, I. (2015). Urban air quality management-A review.
Atmospheric Pollution Research, 6(2), 286-304.

Irfan, H. (2024). Air pollution and cardiovascular health in South Asia: A comprehensive review. Current
Problems in Cardiology, 49(2), 102199.

Kakodia, A. K., Chobdar, S., Awasthi, S., & Kant, R. (2025). Kerosene: Risk assessment, environmental
and health hazard. In Hazardous Chemicals (pp. 219-233). Elsevier.

Kumari, S., Choudhury, A., Karki, P., Simon, M., Chowdhry, J., Nandra, A., Sharma, P., Sengupta, A.,
Yadav, A., & Raju, M. P. (2025). Next-Generation Air Quality Management: Unveiling Advanced
Techniques for Monitoring and Controlling Pollution. Aerosol Science and Engineering, 1-22.

Longhurst, J. W. S., Lindley, S. J., & Conlan, D. E. (2025). Advances in local air quality management in
the United Kingdom. WIT Transactions on Ecology and the Environment, 10.

Mohammed Shaheed AL-Maraashi, D., & Makki Mohammed AL-Hakkak, Z. (2022). Study effect
exposure of air pollutants on physiological blood parameters and liver functions in electric generators
workers in Al-Najaf Al-Ashraf city. Egyptian Journal of Chemistry, 65(2), 259-264.

Murtadabh, 1., Al-Sharify, Z. T., & Hasan, M. B. (2020). Atmospheric concentration saturated and aromatic
hydrocarbons around dura refinery. IOP Conference Series: Materials Science and Engineering,
870(1). https://doi.org/10.1088/1757-899X/870/1/012033

Nakano, A., Bueno, B., Norford, L., & Reinhart, C. F. (2015). Urban Weather Generator-A novel
workflow for integrating urban heat island effect within urban design process.

Ohadugha, C. B., Sanusi, Y. A., Sulyman, A. O., Santali, B. N.-A., Mohammed, M., & Medayese, S.
0. (2021). HOUSEHOLDS’EXPOSURE TO INDOOR AIR POLLUTION FROM FOSSIL FUEL
ELECTRIC GENERATOR USE IN MINNA NIGERIA.

Oriakpono, O. E., & Ohabuike, U. C. (2022). Determination and comparison of CO2 and air pollutants
emitted from the exhaust gas of selected electric generators. Sultan Qaboos University Journal for
Science [SQUJS], 27(1), 1-18.

Petrov, D. V, Matrosov, L. 1., Zaripov, A. R., & Tanichev, A. S. (2022). Raman natural gas analyzer:
effects of composition on measurement precision. Sensors, 22(9), 3492.

Qi, H., Zhang, G., Xu, L., Yang, L., Wang, Z., Xu, Y., & Chen, K. (2024). High-precision photoacoustic
nitrogen dioxide gas analyzer for fast dynamic measurement. Analytical Chemistry, 96(3), 1354—
1361.

Rabie, M. S., Timman, Z. L., & Jasim, L. Q. H. (2024). THE IMPACT OF CLIMATE CHANGE ON
AIR POLLUTION IN BAGHDAD AND ITS HEALTH IMPLICATIONS. Web of Humanities:
Journal of Social Science and Humanitarian Research, 2(6), 1-15.

Sadeghkhani, A., & Sadeghkhani, A. (2025). On inference of boxplot symbolic data: applications in
climatology. Advances in Statistical Climatology, Meteorology and Oceanography, 11(1), 73-87.
Sartelet, K., Kerckhoffs, J., Athanasopoulou, E., Lugon, L., Vasilescu, J., Zhong, J., Hoek, G., Joly, C.,
Park, S.-J., & Talianu, C. (2025). Air pollution mapping and variability over five European cities.

Environment International, 109474,

Shaddick, G., Zidek, J. V, & Schmidt, A. M. (2023). Spatio—Temporal Methods in Environmental
Epidemiology with R. Chapman and Hall/CRC.

Shakya, A., & Tripathi, G. (2024). Spatio-Temporal Monitoring and Assessment of Air Quality and
its Impact on Public Health from Geospatial perspective over Haryana, India. The International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 48, 409—415.

Shakya, S. R., Bajracharya, 1., Vaidya, R. A., Bhave, P., Sharma, A., Rupakheti, M., & Bajracharya, T.
R. (2022). Estimation of air pollutant emissions from captive diesel generators and its mitigation
potential through microgrid and solar energy. Energy Reports, 8, 3251-3262.

Sigsgaard, T., & Hoffmann, B. (2024). Assessing the health burden from air pollution. Science,
384(6691), 33-34.

Wang, S., & Hao, J. (2012). Air quality management in China: Issues, challenges, and options. Journal
of Environmental Sciences, 24(1), 2—13.



1446 Murtadha AL-Tameemi et al.

Xu, G., Li, J., Shi, Y., Feng, X., & Zhang, Y. (2022). Improvements, extensions, and validation of the
Urban Weather Generator (UWG) for performance-oriented neighborhood planning. Urban Climate,
45,101247.

Yong, N. H., Kwong, Q. J., Ong, K. S., & Mumovic, D. (2022). Post occupancy evaluation of thermal
comfort and indoor air quality of office spaces in a tropical green campus building. Journal of
Facilities Management, 20(4), 570-585.

Zanetti, C., Carraro, M., De Marchi, M., & Pappalardo, S. E. (2023). VOLUNTEERED GEOGRAPHIC
INFORMATION FOR MAPPING URBAN CLIMATE AND AIR QUALITY: TESTING AND
ASSESSING ‘SNIFFER BIKES’WITH LOW-COST SENSORS. The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, 48, 555-561.

Zhao, B., Wang, S., & Hao, J. (2024). Challenges and perspectives of air pollution control in China.
Frontiers of Environmental Science & Engineering, 18(6), 68.



	Spatial and Temporal Variations of Air Pollutants Around Multiple Generator Sites: A Case Study  
	ABSTRACT
	Keywords
	Introduction
	Materials and Methods 
	Study Area Description   
	Meteorological Conditions During Sampling 
	Air Sampling Device (Sniffer)  
	The Gas Analyzer 
	Data analysis methods 

	RESULTS AND DISCUSSION 
	Influence of Meteorological Conditions on Pollutant Dispersion 
	Temporal and Spatial Variability of Air Pollutants Across Sampling Locations 
	Effect of Distance and Generator Proximity on Pollutant Levels 
	Monthly Dispersion and Statistical Distribution of Air Pollutants 
	Spatio-Temporal Dispersion of Air Pollutants Based on Gradient Mapping 
	Effects of wind direction on pollutant dispersion 
	Policy Implications 
	Comparison of regulatory standards 
	Public health implications 

	CONCLUSIONS
	GRANT SUPPORT DETAILS 
	CONFLICT OF INTEREST 
	LIFE SCIENCE REPORTING 
	ACKNOWLEDGEMENTS 
	REFERENCES


