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term solutions are needed since conventional mitigation
methods have been found to be ineffective. This paper
considers the massive potential of microbial-based
solutions to alleviate smog formation and broader climatic
consequences. The major smog precursors are directly
degraded by special microorganisms: the industrial volatile

organic compounds (VOCs) can be broken down
effectively by bacterial and fungal consortia, and the NOXx is reduced to non-toxic
nitrogen gas by denitrifying bacteria (e.g. Pseudomonas and Para coccus) in bio
filters. Methanotrophs in a developed bio cover oxidizes methane, a powerful
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greenhouse gas and ozone precursor- of landfills. Microbes also indirectly give
systemic solutions by offering alternatives to the significant sources of emissions,
such as microbial consortia that may rapidly decompose crop residues in situ instead
of open burning which is a major source of smog. Moreover, bio fertilizers will
decrease the reliance on synthetic nitrogen fertilizers and thus decrease the related
NOx emissions during their manufacturing and consumption. Although these
biological tools are difficult to scale, and the environment is not always stable, the
approach of incorporating the tools into national climate and air quality policies is an
affordable multi-pronged intervention in Pakistan. With the potential to reduce smog
and ensure a more resilient climate through microbial metabolism to intercept
pollutants and promote sustainable processes, Pakistan can optimize both routes to
cleaner air and a more sustainable climate.

Introduction

Pakistan is in serious trouble due to climate change and smog formation (Usman et al.,
2019). Smog is an unpleasant mixture of gases and airborne particles created by
smoke and fog in the presence of sunlight. The weather and the geography of the land
have a direct impact on the formation of smog (Gaffney et al., 2009). As altitude
increases, the air temperature drops by roughly 6.4°C each kilometer. Warmer air on
the ground continuously climbs to the upper atmosphere under typical circumstances
(Benhammou et al., 2023). Because of the continuous air movement, contaminants are
dispersed, preventing smog from building up on the ground. A phenomenon known as
temperature inversion occurs when the temperature gradient is inverted (Liu et al.,
2022), with the air above being warmer than the air below. The warmer months of the
year have a varied makeup for air pollution (Webster, 2024). Photochemical haze is
the term for this type of smog. Smog, frequently increasing in Pakistan and we have
to control it by use of different microbes (Iram et al., 2025). One kind of ozone that is
prevalent in the environment is called Los Angeles smog poses a risk to human health.
Exposure to potentially dangerous substances. These substances suspended in the air
are one of the variables that can be changed (Milostean & Flori). Numerous factors
can lead to respiratory problems. One of the key points is that while fungi can
accelerate degradation, particularly in paint application and manufacturing emissions,
bacteria are good at eliminating contaminants (Espinosa-Ortiz et al., 2022). Toluene,
which is employed as a solvent in the production of paints, gums, pitches, and elastic,
as well as a reagent in the creation of drugs, colors, and scents, is more effectively
removed by fungi (Pavlovi¢ et al., 2022). Hydrogen sulfide (H2S), odor, a variety of
volatile organic compounds (VOCs17) (including chlorinated and non-chlorinated
species, ketones, organic amines, aldehyde, ether, toluene, and aromatic
hydrocarbons), and numerous other pollutants can all be eliminated using bio filter
and bio trickling filters. However, VOC emissions are far lower than H2S, which is a
major source of odor; ammonia (Joo et al., 2023), which is mostly produced by the
food processing and petrochemical refining industries, also contributes to odor.

The alternative method is bio filtration, a biological process with a wide range of uses,
low maintenance costs, greater effectiveness, and less hazardous byproducts
(Srivastava & Majumder, 2008). Variations in temperature, moisture content, and
irregular sources of pollutants can all have an impact on its performance (Biswas et al.,
2018). While the convergences of particular VOC types are lower, the removal
efficiencies for H2S degeneration are generally similar to those of VOC contaminants.
Few studies have been conducted on the potential health and safety of using bio filters
(Ralebitso-Senior et al., 2012). People who are sensitive to these organisms will wear
a face covering to reduce contact with airborne bacteria and mold microorganisms due
to the reliance on natural microbes in manure, soil, or fertilizer (Yang et al., 2019).
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During development, maintenance, and media removal, breathing assurance is advised
(Coté et al., 2019).

In this article we have to discuss in detail about the formation of smog in the air.
However we also study about the control of climate change by using microbes (Tiedje
etal., 2022).

Effect of smog on climate change

Photochemical smog is created when sunlight interacts with nitrogen oxides and at
least one volatile organic compound (VOC) in the atmosphere (Chaudary et al.).
Nitrogen oxides are released by coal-fired power plants, automobile emissions, and
manufacturing pollution. VOCs are released by paints (Munsif et al., 2021), gasoline,
and other cleaning solvents. These substances create ground-level ozone, frequently
referred to as smog, and airborne particles when exposed to sunlight. Dusts of
different sizes make up the solid material suspended in the fog (Lazaroiu & Jarcu,
2024). The Environmental Protection Agency (EPA) has collected classified data
from several businesses in one place. One toxic gas is carbon monoxide (Stucki &
Stahl, 2020). This poisonous, colorless, and odorless gas is produced when
carbonaceous molecules like coal, gasoline, and diesel fuels are burned. CO forms
bonds with other molecules on hemoglobin in red blood cells, preventing oxygen
from entering the cell and traveling to various parts of the body (Acharya & Singh,
2024). CO also forms bonds with the cell's surface. When the cell's electron transport
chain's terminals oxidized, the mitochondria shut down and respiration stopped
(Tabassum et al., 2020). The CO body is the main goal of the human cardio-
respiratory system. It is clear that ambient air pollution has a significant role in the
etiology of lung cancer (Berg et al., 2023). This is because the two compounds have
similar chemical compositions. tobacco smoke, pollution, and inhalation risk. The
bronchial epithelium is not far from them. The malignancies that, according to
histopathology, seem to be brought on by tobacco use (Yasin et al., 2022).

Lung cancer comes in two varieties: small-cell lung cancer and squamous cell
carcinoma (Megyesfalvi et al., 2023). Lung cancer mortality is also mostly caused by
dust and sulphates. Although nitrogen dioxide seems to be one of the main
carcinogens, dust and sulphates are also largely to blame for lung cancer deaths
(Kusumawardani et al., 2023). For men, lung cancer is the most common cause of
cancer-related death; for women, it ranks second (Jani et al., 2023).

Effect of microbes against smog formation

By enzymatically breaking down the primary chemical precursors of smog before
they can undergo photochemical reactions in the atmosphere, direct microbial
mitigation of smog works (Isha et al., 2024). By converting reactive pollutants into
inert or less dangerous compounds, this method successfully stops the production of
smog at its source. Reactive nitrogen oxides can be biologically converted by
microorganisms into innocuous dinitrogen gas (N2), which eliminates them from the
atmospheric cycle that produces ozone (Fenice, 2021). There are two main methods
used to accomplish this. Nitrate (NOs") is first reduced to nitrite (NO2") (Aydin, 2025),
nitric oxide (Espinosa-Ortiz et al.), nitrous oxide (N20), and lastly benign N> gas via
the anaerobic respiration process of denitrification, which is carried out by a variety of
bacteria, including Pseudomonas, Paracoccus, and Bacillus. These denitrifying
communities are successfully harnessed by engineered systems such as bio trickling
filters to treat industrial flue emissions (Barla et al., 2024). For example, studies using
customized microbial consortia in bench-scale bioreactors showed over 95% NOXx
removal effectiveness.

Volatile organic compounds are prime targets for microbial degradation because they
are essential substrates for the production of ozone (He et al., 2023), and bio filtration
is a key technique in this process. In order for bio filters and bio trickling filters to
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work, contaminated air must travel through a moist, porous media that is colonized by
a strong biofilm of specific microorganisms, such as compost, peat, or synthetic
packing (Kanematsu & Barry, 2020). Oxygenase enzymes are used by fungi from
genera like Exophiala and Cladosporium as well as bacteria like Pseudomonas putida
and Rhodococcus spp. to degrade a variety of hydrocarbons, alcohols, ketones, and
aromatic chemicals (Rani et al., 2024).

Microbial methanotrophs are the sole important biological sink for atmospheric CHa,
despite the fact that methane is primarily a powerful warming gas and also contributes
to tropospheric ozone chemistry (Guerrero-Cruz et al., 2021). Engineered methane bio
filters, sometimes known as "bio covers,” have been created for concentrated point
sources such as landfills (Chan et al., 2023). In order to accomplish high-efficiency
oxidation of methane into CO2 before it escapes into the atmosphere, these systems
use designed soil layers seeded with high-affinity methanotrophs, such as
Methylocystis (Samanta & Sani, 2023). Additionally, the activity of native
methanotrophic communities in rice paddies and grazing pastures can be greatly
increased in agricultural contexts by improving soil parameters, such as moisture,
porosity, and nutrient balance. By reducing emissions from one of the main sources of
anthropogenic methane, this management approach indirectly improves air quality
(Hanif et al., 2022).

To treat off-gases, bio filters and bio trickling filters employ beds of immobilized
microorganisms (Oyarzun et al., 2019). Microbes break down pollutants when
contaminated air moves through. In his evaluation of bioremediation methods for
Pakistan, Raza a researcher noted that bio filters, which use bacterial species like
Pseudomonas and Thiobacillus to remove VOCs and SO, are suitable for treating
emissions from the textile, fertilizer, and chemical industries (Barbusinski et al.,
2021). Qil spills and hydrocarbon dumps, which are secondary sources of VOCs that
cause smog, can be cleaned up by microbes. Natural hydrocarbon clastic bacteria that
were isolated from contaminated soils in Rawalpindi and showed excellent degrading
efficiency in the local environment (Aqgeel et al., 2021).

Contribution of microbe in climate change

Soil microbes and their metabolic activity can affect land-atmosphere carbon
exchanges in a variety of ways, but they can be broadly classified into two categories
(Nottingham et al., 2022). One of those that control soil carbon loss through
respiration and methane production, and other that affect ecosystem carbon dioxide
and methane uptake (Bao et al., 2022). The activities of soil microbes that feedback
greenhouse gases to the atmosphere and contribute to global warming are
significantly impacted by climate change in both direct and indirect ways. Direct
effects include the impact of temperature, precipitation, and extreme weather events
on soil microbes and greenhouse gas production (Amante & Wedajo, 2024). While
indirect effects are caused by changes in plant productivity and diversity brought on
by climate change that modify soil physicochemical conditions. The amount of carbon
that is added to soil, as well as the makeup and activity of microbial communities that
are engaged in soil degradation and carbon release (Bailey et al., 2019). Here, we
highlight the function of soil microbes and microbial metabolism in carbon cycle
feedbacks and the implications for climate change using a framework of direct and
indirect effects of climate change (Naylor et al., 2020).

Conclusion

To sum up, Pakistan has breakdowns of both disastrous smog and climate change,
which need a paradigm shift in the form of sustainable and nature based solutions.
Microbial technologies represent a powerful, versatile set of tools to address these
problems at their source. Microbes act as bio tropic air filters by directly capturing
smog precursors by oxidation of methane in bio covers, oxidation of NOXx in
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biomimetic denitrification, and oxidation of VOCs in bio filters. They provide
systemic alternatives to major sources of emission-generating activities
simultaneously. The destructive open burning periods which choke the Indo-Gangetic
Plain annually can be prevented due to the rapid in-situ microbial decay of crop
residues. Bio fertilizers can also be used to reduce the usage of synthetic nitrogen that
will cut upstream industrial nitrous oxide emissions and downstream soil nitrous
oxide emissions.

Microbial methods particularly fit a poor country such as Pakistan because of low cost
of the methods, low energy consumption, and non-toxic byproducts even though the
methods have scaling problems, environmental stability of consortia, and initial
investment problems. The trick of success is to integrate these tools of biology into
the national clean air and climate strategies. That would require dedicated investments
in local research to form powerful, indigenous microbial consortia, pilot initiatives to
demonstrate effectiveness at scale, and extension services targeted at farmers to
facilitate adoption. The use of this microbial potential is a strategic requirement and
not only a technical choice. By harnessing the catalytic capabilities of microbes,
Pakistan can find a way to not only clean its air, but also make its agriculture more
sustainable, as well as more resilient to climate change, thus ensuring a safer,
healthier future of its population.
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