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Abstract

Smog pollution poses a significant threat to the environment, public health, agriculture, and economy of Pakistan.
This paper elucidates the mechanisms involved in the generation of smog, impact on the environment and key
recommendations to address this pressing issue. It accords much attention to crucial sources which include industrial
emissions, vehicular exhaust, burning of crop residue, and unfavorable meteorological conditions with a major focus
on urban centers especially Lahore, Multan, and Islamabad. The detrimental adverse effects on agriculture include
reduction of photosynthetic rate and a decrease in crop yield, soil health deterioration, and high economic losses to
the farming community. Concurrently, smog poses a severe public health risk exacerbating diseases such as respiratory
and cardiovascular ailments. Socioeconomic repercussions include escalating healthcare costs, loss of labor
productivity, and environmental degradation. Addressing these challenges necessitates integrated approaches
combining strict environmental protection policy measures, developments and advancements in clean technologies,
and effective large-scale public awareness campaigns. By synthesizing currently available data and identifying critical
knowledge gaps, this review aims to recommend sustainable development policies and strategies to mitigate the
pervasive impacts of smog on Pakistan's environment and society.

Keywords: Smog, Air pollution, Environmental health, Agricultural productivity, Public health, Socioeconomic

impact, Soil Health.

Highlights Graphical abstract

e Smog, which arises from vehicular emissions,
industrial pollution, power generation, and crop
residue burning, has severe environmental and
health impacts.

e It causes respiratory and cardiovascular diseases,
worsens air quality, and increases healthcare
burdens, affecting vulnerable populations the most.

e Smog hampers photosynthesis, reduces crop yields,
deteriorates soil health, and threatens food security
through lower nutritional quality.

e Economic losses include higher healthcare costs,
reduced labor productivity, agricultural decline, and
disruption to tourism and transportation sectors.

e Strategies to mitigate involve enforcing emission
standards, promoting clean energy, sustainable
farming practices, public awareness, and innovative
technologies like smog-eating towers.
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1. Introduction

The climate of our planet is undergoing
continuous and dynamic changes due to
anthropogenic and natural factors, significant
change was observed throughout the
twentieth century as human activities
contributed to a rise in the Earth's average
temperature of around 0.6° to 0.9° Celsius
between 1906 and 2005 (Mondal and
Samanta). Human-induced activities are the
primary source of pollution that affects
Human health, but climate change threatens
our future. This is all happening to owe to the
excessive and unnecessary usage of an
enormous quantity of oil, gasoline, coal, and
natural gas in our daily lives to meet
household requirements, utilization motor
vehicles, manufacture of different products,
and generating electricity (Karl and
Trenberth, 2003). Scientists determined that
ozone pollution will exacerbate global
warming and harm plants and trees that help
absorb carbon emissions (Harmens and Mills
2012). It is suspected that humans have
ignored a significant aspect of the climate-
change equation. Ozone is causing trees and
plants to lose their well-known ability to
absorb carbon dioxide (CO.), the primary
greenhouse gas. As a result, more CO, will
accumulate in the atmosphere, instead of
being taken up by the land, which may ignite
global warming and thus aggravate climate
change, generating smoggy skies, black
carbon, or soot as a secondary contributor to
the major issue of global warming. The
agriculture sector also contributes to
environmental pollution and climate change.
Smog is a significant environmental
challenge in contemporary times. Smog is
defined as a toxic cocktail of air contaminants
formed by complex photochemical reactions
including, NOx, SO2, PM2.5 and PM10, and
ground-level ozone (Sokhi, 2008). Smog, an
ominous amalgamation of pollutants

affecting the ecosystem worldwide, and in
the case of Pakistan, most of Punjab and
majorly the cities residing next to Indian
Punjab, presents a tremendous challenge to
environmental well-being. This atmospheric
blanket, primarily composed of particulate
matter and ground-level ozone, demands
urgent and comprehensive solutions. Rice
residues are burned due to their limited
utility. Similar to Wheat straw, it is not used
as livestock feed, reason unlike wheat rice
residue has lower nutritional value and high
silica content (up to 15%) which makes it
difficult for animals to chew and digest, also
it is economically ineffective to have it
incorporated in the soil, so farmers take the
shortest route of burning the rice straw.
Agriculture is the primary contributor to
Pakistan's economy, with major crops such as
wheat, rice, and cotton playing a pivotal role,
as per the reports agriculture contributed 24%
to the national GDP and also provided 37.4%
employment. The productivity of these crops
is intricately tied to a complex interplay of
factors, including climate conditions, soil
health, and agronomic practices. The number
of toxic substances that create smog in the air
comes mostly from farming operations.

Previous research reveals that crop
development depends on farm management
methods particularly nitrogen use and water
supply systems (Ahmed et al., 2023).The
effects of sulfur and organic compost on plant
photosynthesis and vyields highlight the
importance of sustainable agricultural
practices to  reduce  environmental
degradation (Haq et al., 2021). The current
review Focuses on exploring the impact of
smog in Pakistan, especially south Punjab
exploring its origin and contributing sectors.
Due to climate change, Pakistan has become
one of the most polluted regions of the world,
Lahore, Multan usually tops the list of most
affected cities with hazardous AQI readings,
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the emphasis laid here is on its trend
throughout the winter season. Multan was
reported as the world’s most polluted city in
the First 2 weeks of November 2024 by IQAIr
(An international air quality technology
company) when on 8 November 2024,
21:00hrs the AQI was reported at 2266 Points
with PM 2.5 values being 242.2 times the
normal permissible limit, exposing >5.3
million residences to air quality categorized
as “Hazardous”. This Exposure caused the
appearance of an estimated more than 1000
daily health issues, the culprit being smog. As
of 20th November 2024, Multan has an AQI
of 156 categorizing it as “unhealthy”, with
Lahore at 224 AQI Points and currently 3rd
most polluted city, Delhi being the most
polluted at 285 AQI points and Cairo being
2nd most polluted world city with 254 points
with air categorized as “very unhealthy” in all
3 mentioned cities. Smog is an ever-recurring
nightmare to humanity, agriculture, and
general health complications including
respiratory and cardiovascular diseases, soil
health, crop yield, and photosynthesis (De
Jouvenel, 1999). On the Parallel side, it had
the same negative impacts on the economy it
has raised the costs of health care and has
impaired the productivity of employees,
transport, and the industrial areas.

The review aims towards the severity and
complexity of the smog problem in Pakistan.
The review suggests how these problems can
be solved as well as in various collaborations
for these problems which include strict
environmental policies, the use of clean
energy, awareness among people, and the
right techniques of farming. This also speaks
about the application of innovations, the
towers that supposedly purify the air, and the
case studies born out of the samples of the
best practices, represented as applicable to
the Pakistan environment. The smog crises
present a multifaceted challenge that requires
collaborative action from government,
environmental organizations, and research

centers. By offering insights into the causes,
consequences, and potential solutions for
smog this review aspires to guide future
research and inform policy strategies to
alleviate the environmental and societal
impact of this pressing problem. The study
highlights the necessity of interdisciplinary
approaches to successfully address the
pollution challenge, aims to identify
knowledge gaps, causes, impacts of smog,
and possible solutions. and highlight more
focus on Pakistan with a special reference to
most polluted cities (Lahore, Multan).
Understanding this nexus is crucial for
devising strategies to enhance crop yields and
ensure the food security of all plants, which
relies on the fundamentals process of
photosynthesis for growth and grain
development (Smith et al., 2023). However,
smog, acts as a veil, obstructing the sunlight
crucial for photosynthesis in Punjab Pakistan
(Figure 1).

2. Smog and Key contributors

Smog is not a new disaster that human beings
are facing today due to climate change. The
history of Smog is old as more than half a
century ago (Atafar et al., 2025). Great
London Smog is the historical example about
how severe air pollution can be, that is an
environmental disaster that occurred in
London in December 1952 had a major
impact on the subsequent international
regulation of environmental and public
health. For five days, from December 5 to
December 9, the Great London Smog caused
a great deal of chaos and left between 4,000
and 12,000 people dead. Several factors
realized the haze, several variables in other
words. During winter, people in London use
a lot of volumes of cheap and high-sulfur coal
as a source of warmth. Consequently, Thick
black smoke was choked into the atmosphere.
A layer of warm air over the cold air hinders
the spreading of pollutants and holds them
down to the ground. This led to the
phenomenon  known as  temperature
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inversion. This was made worse when the
city recently replaced the electric trams with
diesel buses, which further emitted
pollutants. The smog of a thick yellow-black
"pea-souper"” cut visibility to less than 10
meters in the worst areas. Daily life was
severely disrupted, with transport systems
shutting down, increased accidents, and
overwhelmed healthcare facilities. In
addition to immediate health hazards, the
situation highlighted deeper environmental
issues, e.g., the effect of pesticides on fruits
and vegetables demonstrates the long-term
impacts of environmental contamination.
These problems need for stringent
environmental monitoring and the adoption
of sustainable management practices for the
protection of ecosystem as well as human
wellbeing (Mehar et al., 2023). This noxious
substance attacked the respiratory, skin, and
mucous membranes, resulting in a
completely overwhelmed hospital and
mortuary system. Undertakers ran short of
coffins, while florists could not meet the
demand for funeral flowers (Polivka, 2018).
A sobering effect of uncontrolled industrial
pollution is provided by the Great London
smog, which emphasizes the value of strict
environmental laws.

A combination of agricultural waste burning
and automobile pollution and industrial
operations generates smog formation.
Oxidative degradation techniques in studies
established that pesticide breakdown from
agricultural soil and their environmental
longevity play vital roles in smog formation
(Fareed et al., 2021). If we talk about
Pakistan which is one of the most affected
countries by climate change the first-ever
smog in the country was reported in the 1990s
in Lahore. According to (Khan and Rashid,
2019), Lahore capital of Punjab is the
country’s most populated and dense
industrialized city that experiences visible
smog during the winter months. However, it
was not identified as a distinct environmental

issue at that time. Afterwards it gained
attention in early 2000s when the haze
became more frequent and severe (Pakistan
Meteorological Department, 2020; Air
Pollution Trends and Seasonal Smog in
Pakistan, 2020). As per the information given
by Raina, 2021, Lahore’s first smog event
was recorded in November 2015, then in
November 2016 there was a second smog
event and the Lahore High Court took notice.
Then in 2017, a smog policy came out but no
significant action has been taken and Air
Quiality Index levels in Lahore still cross 300
which is hazardous to human health.
According to her, there were 20,000 brick
clines in the country that burn all kinds of fuel
and release cancer-causing dioxins into the
air. (Figure 2) showing the formation of
photochemical smog. According to (Nasar-u-
Minallah et al., 2024) public awareness and
preventive measures are vital to contests
against smog’s health effect. According to
him by engaging communities through digital
tools, targeted campaigns, and participatory
initiatives like citizen sciences, people
become more informed, responsible, and
motivated to support smog-reduction
practices and support for policy change.

Several factors are responsible for air
pollution, but the following are some key
factors that have significant contributions to
the production of smog (Figure 3 & 4).

2.1. Transport or vehicular emission

This is the largest source of pollution with
more than half (45%) of the total pollutant
contribution. Probably included are the
emissions from automobiles, trucks, airlines,
and other forms of transportation (Van fan et
al., 2018). Since most roads transportation
are based on fossil fuels such as gasoline and
diesel it highly depends on all fossil vehicles
like automobiles, trucks, buses, and
motorcycles. Some of the main contaminants
emitted by these automobiles include PM,
carbon monoxide, nitrogen oxides, and
carbon dioxide. Another important source is

47



Legend

l ~| Fakistan \

[ R

<] 203 400 800 1.200 1.600

Figure 1: stubble burning a major source of smog in Punjab, Pakistan.
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aviation because planes emit quite a lot of
COS:, and high-altitude emissions contribute
to climatic effects like aviation-related clouds
and contrails. NOx and SOx are emitted by
ships that use heavy fuels for maritime
transport, affecting port and coastal
communities (Mark, 2014). Although electric
trains are cleaner, rail transportation also
plays a role, mostly through diesel-powered
locomotives in areas with insufficient
electrification.

2.2. Industrial source

Industry is the second largest pollution
source, accounting for 25% of the overall
tally. This could be the discharge from
manufacturing facilities, factories, and other
industrial activities that emit poisonous
chemicals into air (Holman, 1999)

2.3. Power sector

Twenty-two percent of all pollution comes
from power generation. This includes
emissions from power plants that produce
electricity by burning fossil fuels like coal,
oil, and gas (Cropper et al., 2019).

2.4. Agriculture sector

The crop residue burning of the agriculture
industry contributes to 20% of the pollution
in the table. Crop residue burning is the
burning of crop waste, including stalks and
leaves, after crops such as rice, wheat, and
sugarcane have been harvested. This is often
in practice with the farmers since it is
comparatively quick and cheaper to prepare
fields for the next planting season, especially
in regions where mechanized alternatives are
either not available are too expensive (Borghi
et al., 2023). This activity emits a great deal
of various pollutants into the atmosphere
such and Carbon dioxide (CO:), methane
(CHa), nitrous oxide (N20), particulate matter
(PM2.5 and PM10), carbon monoxide (CO),
and black carbon. Methane and nitrous oxide
are particularly worrying because they are
strong greenhouse gasses that contribute
enormously to global warming but particulate
matter and black carbon degrade air quality

and have effects on respiratory health
(Harizanova-Bartos and Stoyanova, 2018).
3. Key Indicators of Smog

Smog is an atmospheric  complex
phenomenon associated with the mixing of a
variety of pollutants degrading air quality,
visibility, and public health. It primarily
involves smog contributors like PM2.5 and
PM 10 and O3, NOx, SO2, CO, and VOCs,
which often form as emission products of
vehicles, industrial activities, and biomass
burning. Meteorological factors such as the
high temperature, photic strength, humidity,
winds, and temperature inversion all
contribute to the formation and dissipation of
smog. Indices of the existence of smog,
which may include invariably lowered
visibility by haze and light scattering, also
exhibit seasonal and diurnal variations.
Environmental impacts of smog range from
damage to vegetation to acid precipitation
and climate changes, while health effects
from smog include an increase in respiratory
and cardiovascular diseases. These comprise
the Air Quality Index (AQI), satellite
imaging, and ground monitoring stations
through which it is possible to analyze smog-
connected trends of influence. Knowledge of
these measurements is very critical to
developing strategies that could potentially
solve smog and its extensive consequences
(Hag, 2022).

3.1. Air Quality Index

The AQI is a standardized measure
communicating the quality of air in a specific
area, making it easier for the public to
interpret complicated information about
pollution. The concentration of pollutants is
translated into an understandable scale
ranging from "Good" to "Hazardous" and
provides health advisories based on the same
levels. The five primary air contaminants
emphasized by AQI are particulate matter
PM 2.5 and PM 10. ground-level ozone (03),
nitrogen dioxide (NOXx) Sulphur dioxide
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Figure 4: contribution of different sectors

Table 1. The AQI scale typically ranges from 0 to 500, with higher values indicating poorer
air quality and greater health concerns. It is divided into several categories:

AQI Pollution level Health implications Cautionary Statement (2.5,2.10)

0-50 Good Air pollution poses no risk, and the quality None
of air is considered satisfactory

51 -100 Moderate The quality of air is acceptable but some People with respiratory conditions like
people have little health concerns from air asthma, as well as active adults and
pollutants and are usually sensitive to air children, should avoid extended outdoor
pollution exercise.

101-150 Unhealthy for General public may not be affected but People with respiratory conditions like

Sensitive Groups

sensitive people may experience health
effects.

Dangerous to health and
experiences serious effects

asthma and active children and adults
should avoid extended outdoor exercise.

everyone | Prevent outdoor exertion

The AQI is accessible to public both in tabular and graphically interpreted through the free apps
like IQAIr that are available for both Android and 10S
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(SO2), and carbon monoxide (CO). All these

pollutants differ in their health effects and

source of emission which makes them

indicators of air quality (Table 1).

3.1.1. Particulate matter 2.5 and 10

Particulate matter 2.5 and PM 10 represents

fine and coarse particles present in the air.

PM 2.5 small enough to be transported by the

blood vessels, is mainly released by vehicles,

industries and associated with diseases like
respiratory and cardiovascular. PM 10 is
slightly larger in size. It mainly affects the
upper portion of the respiratory system, thus
causing irritation. For particulate matter
permissible limits for PM 2.5 5 is set at 5
pg/m3 for the mean annual and at 15 pg/m3
for the mean over 24 hours. For PM 10, the
limit is set at an annual mean of 15 pg/ms and
at a 24-hour mean of 45 pg/ms. These sizes
are easy to penetrate even through the lung
and bloodstream, potentially leading to
respiratory and cardiovascular problems

(Brook and Rajagopalan, 2009).

3.1.2. Ground-level Ozone (O3)

Ground-level ozone is a secondary pollutant

that is formed by photochemical reactions

between NOx and VOCs in the presence of
sunlight. Ozone can cause respiratory
problems, besides damaging the vegetation
as it suppresses photosynthesis. The allowed
concentration for Oz is 60 pg/m? for the 8-
hour average during peak season. However,
though it is considered a non-primary
pollutant, which is produced through
photochemical processes, it still contributes
to formation of smog and irritates human

respiration (Sicard, 2021).

3.1.3. Nitrogen Dioxide (NO2), Sulfur
Dioxide (SO2) & Carbon mono-
oxide (CO)

Nitrogen dioxide, NO2, is a reddish-brown

gas formed from combustion processes,

including engines in vehicles and industrial
processes (Patel et al., 2014). It aggravates
asthma, contributes to the formation of smog,
and causes acid rain. In the same way, sulfur

dioxide, SO, is a gas emitted once its
combined fossil fuel with high sulfur
contents undergoes combustion, which
irritates the respiratory system and creates
acid rain and particulate matter. Carbon
monoxide (CO), an invisible, odorless gas, is
a product of incomplete combustion that
competes with oxygen in the body and, at
higher concentrations, can cause dizziness
and confusion, or even death. There is a
permissible limit for nitrogen dioxide (NO2)
set annually at 10 pg/m3 and 24-hour at 25
pg/ms; it is another bad actor often emitted
from car exhaust systems and industrial
operations but blamed for contributing to
respiratory disease and forming smog. These
permissible limits are set at 40 pug/ms for the
24-hour mean and 500 pg/m? for the 10-
minute mean. It is highly produced as a
byproduct from burning sulfur-rich fossil
fuels. SOz is capable of causing respiratory
irritation and contributes to acid rain. The set
standards of carbon monoxide (CO)
articulate several threshold levels including:
4 mg/m? for a 24-hour average; 10 mg/ms for
an 8-hour average; 35 mg/m3 for a 1-hour
average; and 100 mg/mé for a 15-minute
average. A high exposure level of CO
interferes with the transport of oxygen in the
body and causes heavy health impacts
(Ogbiye et al., 2019).
3.2. AQI data for Major Cities of
Pakistan
The AQI act as indicator developed by the
government agencies to communicate the
public that how polluted air is. Talking about
Pakistan, it has faced some of the world’s
worst AQI in recent years. Lahore, a major
city of Pakistan and Provincial capital of
Punjab has been the most polluted country of
the world. Following is the AQI data of some
major local cities. Following is the AQI data
of some major local cities
3.2.1. Lahore: Capital of Punjab,
Pakistan
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Lahore has been the most polluted country of
the world in recent years. Several causes of
this pollution lead to the increase in the AQI

of Lahore to a harmful level for the
community. Following is a graph that shows
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Figure 5: AQI data of Lahore (cited form EP & CCD website)
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Following is the AQI calendar of Lahore of the last 2021 cited from 1Q air website
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The following graph show the daily basis PM 2.5 level of Lahore of year 2024, from October to so on.
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Table 2. The trend of PM 2.5 and 10 among various countries

WHO Region Country City or
Name Locality Year

Eastern Pakistan Faisalabad 2013

Mediterranean
Region

Eastern Pakistan Islamabad 2019

Mediterranean

Region

Eastern Pakistan Lahore 2010
Mediterranean

Region

Eastern Pakistan Peshawar 2010

Mediterranean
Region

how AQI of Lahore contaminates each year
from 2021 to 2024. This trend shows us the
alarming situation of Lahore which is very
dangerous for both ecosystems as well as
humans. Starting from already hazardous
level 529 which is the average value of AQI
of 2021 to this ongoing year it has reached to
extreme spike of Almost an average of 900
till November 2024 we see that there is an
extreme level of increase in the pollution of
Lahore. If we see the 2024 catastrophe,
suggest that the environment is heavily
saturated with PM and toxic gases making the
air virtually unbreathable. The immediate
effect causes respiratory disorders, increases
the number of lung patients in hospitals and
causes a significant impact on the Economy
and community.

3.2.2. Islamabad: Capital of Pakistan
Islamabad has been famous for its fresh and
healthy air.  Unfortunately, due to
carelessness and lack of interest towards the
environment the natural beauty of. Islamabad
IF we see the Average PM 2.5 data of

Measurement

PM2s PMaio
(ng/m°) (ng/m°)
36.5 148.17 Niaz Y. et al., (2016), Pak.
J. Agri. Sci., Vol. 53(1), 97-
106; DOI:
10.21162/PAKJAS/16.3623
Pakistan Environmental
Protection Agency

Reference

39.78 78

121.8 198 Alam K, et al., Aerosol size
distribution and mass
concentration
measurements in various
cities of Pakistan, J.
Environ. Monit., 2011, 13,
1944

Alam K, et al., Aerosol size
distribution and mass
concentration
measurements in various
cities of Pakistan, J.
Environ. Monit., 2011, 13,
1944

95 540

September 2023 that is approximately 20.90
pHg/m3 that is greater than the 2022 and
previous years AQ index. Red line in the
graph showing that how gradually the AQI
increasing on daily basis.

The chronic exposure to this PM 2.5 may
leads to the premature death and lungs cancer
like issue. So, to maintain the air quality of
Islamabad government must have to take
some steps for crucially monitoring the
pollution spike. And make awareness in
public about the harmful impacts to protect
them from poisonous air.

3.2.3. Multan: Most Affected City in

2024

Multan AQI ha increased surprisingly in
2024, here till the Multan becomes the most
polluted city of the Pakistan, there are
multiple factors that leads to this situation.
Multan has recently been Pakistan's most
polluted city, with its Air Quality Index
(AQI) reaching apocalyptic levels during the
September days because of industrial
emissions, traffic pollution, crop burning,
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and irresponsible development. The issue has
thus worsened due to the lack of strong
environmental laws and general awareness.
This pollution disaster not only creates
respiratory diseases, cardiovascular diseases,
and immunity but also seriously harms public
health and disturbs the pattern of everyday
life by reducing visibility, delaying
transportation, and shortening outdoor
activities. The city is also facing a sharp
decline in agricultural yields, productivity of
workers, increased healthcare costs, and
tourists visiting the city. The situation
become too critical that government decides
to impose Health emergency in the city and
lock down for some times.

In the early days of 2021 as well as the very
tail end of 2020, Multan was coming in
consistently with some elevated readings of
PMZ2.5, indicating that it does indeed have a
problem with pollution, a problem that is
unfortunately shared by many other cities in
Pakistan. In late December 2020, PM2.5
readings varying from as low as 40.3 pg/m?
were recorded, going all the way up to
readings as high as 136.3 pg/m*(Figure 10).
The implications of smog-induced challenges
are not confined to the crops alone. Reduced
visibility, altered climatic conditions, and
uncertainties about the growing environment
disrupt routine farming activities. Timely
planting, irrigation, and harvesting become
challenging, adding a layer of stress for
farmers who are already grappling with
numerous uncertainties (Table 2).

4. Impact of smog on soil indicator

A study reported rapid acidification of forest
soils in the San Bernardino Mountains of
southern California. The pH of soil down to
25 c¢cm has dropped from 4.8 to 3.1 after 30
years. It is now pH 4.2 instead of 4.8 at the
50-cm depth. Very high rates of
anthropogenic atmospheric nitrogen (N) (A
key component of Photo chemical
compound) delivered to the soil surface (72
kg ha-1 year-1) from wet, dry, and fog

deposition under a Mediterranean climate
were blamed for this quick change in soil
reactivity (Wood et al., 2007).

4.1. The Impact of Smog on Chemical

Indicators

A polluted environment can greatly influence
the chemical indicators of soils by falling
gaseous pollutants such as NOx and SO:
(Gaffney et al., 2009). These pollutants lead
to acid rain, thus reducing soil pH. Acid rain
can thus reduce the pH from a neutral range
of 6.0-7.5 below 5.5 in highly affected
regions with the high potential to limit the
availability of precious nutrients. Therefore,
soil acidity is one of the nutrient imbalances
associated with smog and hence leads to
leaching up to 50% in water-soluble forms of
calcium (Ca) and magnesium (Mg). But
availability of toxic metals like aluminum
(Al) may increase by as much as 70% under
these acidic conditions and lead to toxicity
that depresses plant growth and productivity
(Raza et al., 2021).
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Figure 11: Effect of stubble burning on the pH and
plant nutrition interaction

Impact of Smog on Biological Indicators
In turn, smog adversely affects the biological
soil health markers including microbial
activity and organic matter content in soil
(Arif and Hassan, 2023). For those residing
in highly exposed areas, the pollutants
through smog may decrease microbial
biomass by as much as 30%. Low pH and
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deposition of harmful compounds can reduce
respiration rates that indicate microbial
activity by 25-40%. Acid rain accelerates
soil organic matter decomposition. Losses
are seen to be 20-30% in carbon on analyses
conducted in the affected regions. Water
retention may be decreased to as much as
15% and this reduces the vigor of soil and its
capacity for agriculture (Nizhelskiy et al.,
2025).

4.2. Smog Effect on Physical Properties of

Soil

The physical properties (Figure 12 a & b)
such as soil structure and bulk density, are
indirectly  affected by smog. Acid
precipitation weakens soil aggregates
through an amount of 35% reduction of the
stability in very badly affected areas (Ali et
al., 2024). Soils were compacted and values
of bulk density exceeded the optimal ranges
of 1.1-1.3 g/cm3 to as high as 1.6 g/cms3, thus
limiting root penetration and water
infiltration. Destabilized soil aggregates
linked to erosion doubled in the smog-
affected areas than in the control areas. Loss
of nutrient-rich topsoil can decrease crop
yields between 20-50% (Gaffney et al.,
2009).

(b) 2020
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Figure 12: (a) Smog impact on the physical properties
in 1990, (b) Smog impact on physical properties in
2020. Cited from: (Naeem et al., 2022)

4.3. Effects of Smog on Soil Ecological

Indicators

Among all other ecological indicators, soil
biodiversity and erosion rates are most easily
affected by smog. The pollutants resulting

from smog lowered populations of all soil
organisms-from earthworms to mites and
fungi-by 40-60%. Such disruptions impair
vital  ecosystem  services, including
decomposition and  nutrient  cycling.
Acidification and changed soil structure add
to erosion, with an annual loss rate of up to
30 tons per hectare of sediment in areas with
high levels of smog (Gaffney et al., 2009).
Urbanization, which is often caused by smog-
producing industries, causes soil sealing,
affecting between 20-30% of agricultural
land in urbanized regions, thereby reducing
the available land with threats to soil
sustainability (Razzaq et al., 2024). Smog is
a long-standing problem in Pakistan, and in
the winter months of October till February,
contaminates in the air in Punjab province
shoot up, especially due to the burning of
post-harvest rice stalks (Safdar et al., 2022).
The lethal fog has also harmed Pakistan's
winter crops. While field laborers are unable
to operate in the fields as previously, crops
and yields are also harmed by this type of air
pollution.

A considerable reduction in the quality of
agricultural output is also projected. Standing
crops are also poorly affected by foggy
conditions. Wheat, a major crop of the winter
season and a food staple in Pakistan, is also
severely affected by it. Wheat production
remained almost stagnant in the last decade
as its production fluctuated between 23295 to
24946 thousand metric tons from 2007 to
2020 Overall yield loss is estimated between
10% to 30% due to smog (Safdar et al.,
2022). This study shows the significant
negative result of air pollution and NO2 on
crops in developing countries. Air pollution
has a negative result on food security since it
affects plant expansion and is also dangerous
for agricultural products or plants. Hence, air
pollution significantly reduces vegetable
prices and effects on consumer actions in the
short run. The detrimental effects of smog on
wheat extend beyond quantitative losses. The
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pollutants infiltrate the grains, compromising
their quality and nutritional content. In a
nation where wheat is not merely a
commodity but a dietary cornerstone, the
potential health risks associated with
diminished nutritional quality pose an
additional layer of concern to national food
security (Ehrlich et al., 1993). A weakened
crop becomes an open invitation to pests and
diseases. The stress induced by smog
compromises  the natural defense
mechanisms of wheat plants, making them
more susceptible to infestations (Cerdeira
and Duke, 2006).

Increased pesticide use may follow,
exacerbating environmental concerns and
further destabilizing the delicate ecological
balance within agricultural ecosystems. In
Pakistan, the menacing presence of smog
emerges as a dire threat to the nation's food
security, exacerbating the vulnerability of its
agricultural sector. The adverse impact of
smog on crops, particularly staple foods like
wheat and rice, disrupts the delicate balance
required  for  sustained  agricultural
productivity. The reduction of sunlight
penetration due to smog impedes the process
of photosynthesis, compromising the energy
production vital for robust crop yields. This
hindrance not only leads to diminished
quantities but also jeopardizes the nutritional
quality of the food produced, directly
impacting the health and well-being of the
population. Furthermore, the infiltration of
smog's components, including sulfur dioxide
and nitrogen oxides, weakens the respiratory
systems of crops, rendering them more
susceptible to diseases and pests. This
increased  vulnerability  threatens  the
resilience of crops, contributing to yield
losses and exacerbating food security
concerns. Climate instability, influenced by
smog-induced alterations in local weather
patterns, introduces unpredictability into
agricultural practices. This unpredictability,
manifesting as irregular growing seasons and

unanticipated weather events, compounds the
challenges faced by farmers striving to
ensure stable yields (Gupta, 2014).
5. Impact of Smog On Agricultural
System
5.1. Changes in Crop Composition
Air pollution exposure modifies crop
composition. The excess amount (for
instance, a high level of SO,) can cause the
plants to accumulate sulfur and consequently
decrease the nutritive value obtained from
such harvested crops. Such alterations also
have an effect on human as well as animal
nutrition (Yadav et al., 2022).
5.2. Soil Contamination
Pollutant smog may also be found on some
soils thus contaminating them. It can also
impact the supply of nutrients for plants and
might lead to severe degradation of soil
fertility. The quality and safety of foods
produced can also be adversely affected by
the contamination of soils (Razzaq et al.,
2024). The smog-contaminated environment
produces adverse effects on soil health that
diminish both soil fertility and microbial
action while decreasing crop productivity
(Akhtar et al., 2022).
5.3. Water Contamination
Smog deposition of pollutants can also cause
the pollution of freshwater sources affecting
the quality of irrigation water. Farmers may
also encounter problems associated with the
use of water that is polluted (Rani et al.,
2011). Such contamination may render crops
unhealthy, making it difficult for them to be
productive.
5.4. Impact of Smog on Livestock
Livestock may suffer from health problems
due to air pollution such as smog. Pollution
especially of ambient air can cause diseases
such as respiratory tract complications in
stock. It affects livestock productivity,
including the production of milk and meat.
Smog has substantial health repercussions,
including asthma, respiratory tract damage,
air canal and tracheal complications, heart
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disorders, and many Pathogenic and allergic
infections. Numerous remedies to the smog
problem have been presented by numerous
writers in recent years. Investing in
renewable energy technology is the most
effective strategy to minimize air pollution
caused by fossil fuels and coal power plants.
To reduce wasteful waste, enterprises must
prioritize the usage of renewable energy. In
other words, we must reduce our industrial
wastes by enacting legislation and policies
that require industries to transition to
renewable energy sources, as it will
guarantee a much more livable and
sustainable future but also reduce Nitrogen
dioxide, Nitrous Oxide, Sulphur Oxide, semi-
volatile organic compounds and volatile
organic compounds emissions. Pollution
detectors can come in handy while
determining the extent of pollutants in the
atmosphere, notifying authorities well in
advance to take all necessary precautions to
prevent it. Extensive usage of renewable
green energy will address the difficulties of
expanding energy consumption in densely
populated places, reducing greenhouse gas
emissions, and preserving environmental
production efficiency and sustainability
integrity (AmuzuSefordzi et al., 2018).

6. Impact of smog on Human Health

Smog not only reduces people's quality of life
by introducing illnesses into their lives, but it
also exacerbates health conditions such as
asthma, emphysema, chronic bronchitis, and
other respiratory ailments (Figure 13a, b). In
addition, eye irritation, decreased flu
resistance, changes in climatic conditions, an
increase in lung infections, and numerous
skin problems (Naureen et al., 2022). When
questioned about various health conditions
caused by pollution, 87% reported coughing
and throat infections, 31.7% had asthma
worsening, and 41% had difficulties
breathing. Similarly, 11.2%, 24.2%, and
30.4% of respondents reported chronic
bronchitis, irritated breathing passages, and

skin illnesses, respectively. Furthermore,
83% of participants said that pollution made
their illness worse (Yang et al., 2017).

Through the production of reactive oxygen
species, smog can either directly or indirectly
cause oxidative stress in humans. A vast
network of bacteria linked with humans
covers the outermost layer of human skin and
mucous layers. These microbial communities
have primarily mutualistic relationships with

Health Harm of Smog
............... —
BRAIN DEVOLPMENT
\ MENTAL HEALTH
y —— DEMENTIA
LUNG CANCER _,............ &
PNEUMONIA A8
INSULIN dy ).t "E:IZIII:I::::“
RESISTANCE ******* Koy PRESSURE

DIABETES

............... EFFECT SPERM
QUANTITY
ILLNESS DURRING
PREGNANCY
PREMATURE BIRTH

Figure 13.a: Impact of smog on the human health and
ailment

their human hosts. These microorganisms
affect human physical, immunological,
nutritional, and mental development and
offer vitamins, nutrients, and defense against
other infections (Wong, 2017). These
bacteria may experience oxidative stress due
to smog-related factors, which could result in
the collapse of the community. Unexpected
health hazards could arise if these mutualistic
microbiotas are disturbed, particularly in
neonates and young children. Advanced
techniques that use a variety of physical,
chemical, and biological approaches to
reduce the sulfur and nitrogen contained in
fossil fuels could also minimize smog
formation, lowering the burning of fossil
fuels as the ultimate answer. The risk
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evaluation of long-term smog exposure to
human populations should also incorporate
knowledge of microbiota disturbance, which
is based on functional genomics, culturomics,
and general ecological concepts (Wong,
2017). As per (Hussain et al., 2025) their also
exist a strong co relation between Smog and
COVID. He said that people having long
exposure to the PM 2.5 particles have
increased the risk of lungs diseases, heart
issues and stroke similar to the issues
observed in severe COVID cases. In below
cited diagram he illustrated the relationship
between smog and COVID.

7. Impact of smog on the Economic sector
Economically, the impacts of smog are
multiple and range from health to agriculture,
to the industrial sector, and to long-term
economic development. Resolution of these
will require an integrated effort from
governments, business, and community
levels. This can only be achieved through
investments in clean technologies, powerful
policies, and public education (Shi et al.,
2016). Its impacts are extensive with
considerable economic implications in
several ways. Its effects affect public health,
productivity, infrastructure, and even wider
social costs. Here is a holistic review of its

Respiratory
.® Diseases
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Dysfunction
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Figure 14: Relationship between Smog and COVID

Neurological
Disorder

Figure 13.b: Frequency of smog on the human ailment

economic impact through perspectives on
different perspectives. Smog holds harmful
pollutants that include PMZ2.5, nitrogen
oxides, and sulfur dioxide, which bring
severe health impacts (Ali et al., 2019). A
higher rate of respiratory and cardiovascular
diseases leads to increased medical costs to
the individuals and governments. More
patients flood hospitals, straining healthcare
facilities as chronic illnesses and illnesses
attributed to smog reduce the productivity of
the labor force. The reduction comes from
absenteeism plus long term health issues.

Hospitalization

Corona virus

(Hussain et al., 2025)
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In addition, high number of deaths caused by
smog-borne illnesses erodes the economy
through the loss of productive manpower in
addition to loss of labor force. Smog blocks
sunlight, reducing photosynthesis, which
lowers crop yields (Borgschulte et al., 2024).
It causes lower production of major crops like
wheat, rice, and vegetables are the crops that
are highly affected by reducing yield. The
supply deficit increases the price which
include lower yields entail lower revenues for
farmers in agriculture-intensive areas as well
as rippling effect on supply chain also lower
yields may have other effects further down
the line to affect food processing industries,
export earnings, and international trade.
Smog slows down present-day economic
activities, primarily in urban and industrial
hubs. It caused the reduction in visibility
impacts road, rail, as well as air modes of
transport. It means that goods and people are
delayed as the fuel becomes costlier.

Moreover, smog-related issues involve more
energy for some forms of air filter and
cooling systems, and thus, the costs of
electricity in business and residential areas.
However, poor quality of air discourages
outdoor activities and affects businesses like
tourism, retail, and hospitality (Rosenzweig
et al., 2018). Smog causes environmental
degradation and incurs clean-up and
restoration costs. Acid rain produced by
smog is lethal to forests, rivers, and soil,
thereby reducing biodiversity and ecosystem
services. Smog mitigation measures, such as
the better quality of air and restoration of
damaged infrastructure, are costly to
governments and private organizations.
Continuing smog reduces attraction to certain
sites, with a consequent decline in property
values and municipal tax income (Fadenipo,
2021). The psychological and social impacts
of smog become economic costs. Smog
triggers a new wave of urban migration by
pushing people away from highly polluted
areas, thus hurting the regional economy

(Sun et al., 2016). Popular discontent with
pollution manifests in protests that may bring
about policy changes and lead to political
instability, disrupting economic planning and
investments. Accumulated effects of smog
slow long-run economic growth. Exposure to
smog, particularly in children, affects
cognitive development and future workforce
productivity (Tang et al., 2019). Poor air
quality perception deters foreign firms and
investments Governments spend to combat
the problem of smog, through stricter
regulations, subsidies on clean energy, as
well as healthcare (Al-Thani and Isaifan,
2024).

8. Impact of smog on the environment
Smog has a wide-ranging impact on the
environment, including effects on crop
growth, plant, and agricultural output, as well
as the relocation and migration of birds and
animals. Furthermore, pollution endangers
animals by disrupting mating and migratory
cycles. Furthermore, it causes a rise in
respiratory disorders in birds and mammals,
resulting in a considerable population decline
(Zhang et al., 2018). The influence of smog
on wildlife has been examined and proven
using data obtained from respondents (shown
in Fig. 5), with 61% believing that smog has
a substantial impact on wildlife and 36% not
seeing any relationship between the two.
Similarly, the dangerous effects of pollution
on the local environment have been
investigated and shown in this study. Using
the data obtained, it becomes obvious that
62% of individuals believe that smog has
severely harmed the locality's ecology, while
38% believe that pollution leaves no visible
damaging impacts on the environment.

9. Recommendation and Awareness

The recommendations to address the smog
pollution involve implementation and
enforcing vehicle emission standards, and
regularly inspecting and maintaining vehicles
to ensure compliance. It is also recommended
to promote the use of electric vehicles and
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invest in charging infrastructure. Moreover,
afforestation and green Spaces increase green
cover through afforestation initiatives to
absorb pollutants and improve air quality.
Government organizations should prioritize
the creation of more parks and green spaces
in urban areas to act as lungs for the city and
enhance overall air quality. In addition,
public awareness efforts should be raised to
educate people on the causes and impacts of
pollution. Encourage behavioral changes
such as carpooling, decreasing vehicle idle,
and taking public transit. Educational
programs are critical in improving public
understanding of smog's health and
environmental ~ consequences,  allowing
people to help reduce pollution. Furthermore,
crop residue should be managed by
implementing and promoting proper crop
residue management practices in agriculture
to reduce open burning, a significant
contributor to smog (Kumar and Singh,
2021). Provide farmers with incentives and
alternatives for managing crop residues
sustainably. In Pakistan recent activities such
as the development of Housing societies that
cut down large numbers of trees to
established societies influence the climate
change process and disturb many natural
cycles to control pollution thus, they have
also played their role in air pollution in
Pakistan. So, the government must have to
make some strategies to mitigate the
pollution caused by these activities. Since car
emissions are a major contributor to the
accumulation of smog, it is imperative that
the public be made more aware of the benefits
of using public transit rather than driving a
personal vehicle. Second, since car emissions
are a primary cause of smog, it is imperative
to increase public awareness of the
advantages of using public transit over
private vehicles. Our farmer community also
needs to be taught the risks associated with
burning stubble and how to use the remaining
stems as fertilizer rather than burning them.

There are also some modern solutions to deal
with pollution, such as smog-eating towers,
which are a completely new and effective
technology being deployed in China right
now. Smog-eating towers work much like
large vacuum cleaners, vacuuming up
dangerous airborne pollutants and then
reintroducing cleaned and refined air into the
surrounding area. Up to 30,000 cubic meters
of air can be cleaned by it in an hour (Hamza
et al., 2025).

There’s no information on whether China's
bizarre smog-sucking suction tower is
actually in use. Another innovative device
that removes dangerous pollutants from the
air while you paddle is a smog-free bicycle.
It works by sucking up dirty air. (Mellina et
al.,, 2017; Morby, 2017). Although these
technologies are still very new and would be
highly expensive to implement in Pakistan,
we can keep them in mind as a potential
future option. Invest in and encourage the use
of renewable energy sources such as solar
and wind power, to minimize reliance on
fossil fuels. Provide incentives for the use of
renewable energy technology in both the
industrial and residential sectors. According
to (Ali et al.,2019) we should have to
encourage the mixed use of development to
reduce the need for long-term effects.

10. Conclusion

As smog is produced by industrial pollutants,
vehicles, and agriculture, it is one of the most
severe environmental issues in Pakistan and
many other countries. This research engages
with the poor effects of pollution on
agriculture, economy, health, and the
environment because the AQI values in cities
like Lahore, Multan, and Islamabad are not
satisfactory. Smog is also known to affect the
cardiovascular and respiratory systems and
impede normal functioning, affect crop
production and overwhelm health care
facilities. Other than the health implications,
it has social implications in that it's a major
causative agent of soil erosion, climate
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change, as well as loss of bio diversities and
food security which leads to the
destabilization of the environment for any
given country. With sources of smog such as
automotive outputs, burning of agricultural
residues, and industry related products, the
issues demand more comprehensive
solutions. This paper gives special
importance to the cause of clean energy,
proper practice of farming, and strict
adherence to rules related to the environment.
Since the improvement in air quality
objectively needs long-term attention, smog-
eating towers and other innovations in urban
planning also fall within the category of
green technologies. In addition, as the main
reasons behind making a change inevitable
become highlighted, compulsion, awareness
drives and information play a central role in
driving such attitudes like opting for public
transport and proper waste management by
farmers for agricultural residues. The costs
involved in this include increased healthcare
costs, decreased levels of worker production,
and losses in agriculture to emphasize the
magnitude of the need for pollution
reduction. Pollution is a significant challenge
that calls for the involvement of several
errands of government, firms, and societies.
Pollution regulation and control, using clean
energy, increasing the green area to act as a
filter for cleaner air are some of the good
steps which can be observed. This research
ensures that the removal of the smog requires
this coordinated effort which only depends
on public involvement, politics, and
academic  scholarships. Criticisms and
problems encountered by pollution and
sustainability in Pakistan can be minimized,
and the development that guarantees a bright
future for the people of the country as well as
ecosystems  through  maintaining  the
environment should focus on developmental
sustainability and environmental
management.
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