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ABSTRACT

This article assesses the environmental impact of acid rain in Pakistan, its causes, and the measures required to
mitigate its harmful effects. Acid rain, primarily caused by sulfur dioxide (SO,) and nitrogen oxides (NOy)
emissions from industrial, agricultural, and fransportation activities, has emerged as a significant environmental
and public health concern. Acid rain has led to the acidification of water bodies, soil degradation, and
damage to crops and forests, particularly in Punjab, where it lowers soil fertility and impacts crop vyields.
Additionally, water quality in rivers and lakes has deteriorated, threatening aquatic life and water resources.
The economic implications include the corrosion of infrastructure, including historical monuments, and
decreased agricultural productivity, resulting in substantial financial losses. Public health has also been
affected, with increased respiratory diseases, such as asthma and bronchitis, particularly among vulnerable
groups like children and the elderly. To address these challenges, this detail EIA analysis recommends strict
regulatory measures to confrol SO, and NO, emissions by promotfing cleaner technologies and alternative
energy sources. Soil remediation practices, including liming and organic farming, should be implemented to
counter soil acidity and its effects on agriculture. Public education campaigns are essential to raise awareness
about acid rain and its impacts. Reforestation efforts can help mitigate soil degradation and. improve air
quality, while enforcement of the Pakistan Environmental Protection Act 1997 and the introduction of new
policies are critical to addressing acid rain’s environmental and health effects. This study utilized geographical
data on emissions and acid rain deposition zones sourced from the Pakistan Environmental Protection Agency
(PEPA) and international organizations like the United Nations Environment Programme (UNEP). Raw data on
emission levels, soil pH, water quality, and public health was collected from PEPA, the Pakistan Council of
Research.in Water Resources (PCRWR), and the World Health Organization (WHO). Public and stakeholder
engagement,including surveys and focus group discussions, was conducted to assess public-awareness and
gather input from local communities, environmental NGOs, and government agencies. Looking forward, further
research is required fo explore the impacts of climate change on acid rain patfterns, enhance pollution control
technologies, and improve monitoring systems. Long-term strategies should focus on investments in clean
technologies, ecosystem restoration, and regional collaboration to address fransboundary pollution. By
addressing the sources of acid rain, strengthening regulations, and fostering public engagement, Pakistan can
effectively mitigate the environmental, economic, and health impacts of acid rain, ensuring a sustainable and
healthier future for its citizens and ecosystems
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INTRODUCTION

Acid rain refers to precipitation containing acidic
components, such as sulfuric or nitric acid, resulting
from the atmospheric mixing of sulfur dioxide (SO, )
and nitfrogen oxides (NOx) with water vapor. These
pollutants are primarily emitted by industrial
processes, vehicle emissions, and power generation
plants [1]. Acid rain has adverse effects on
agriculture, infrastructure, ecosystems, and human
health, making it a critical environmental concern
globally and in Pakistan [2]. In Pakistan, rapid
industrialization and urbanization have led to
increased emissions of SO, and NOx. The country’s
energy production, predominantly reliant on fossil
fuels, and vehicular pollution have exacerbated
the phenomenon [3]. The effects of acid rain are
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becoming increasingly visible in Pakistan, affecting
sectors such as agriculture (due to sall
acidification), infrastructure (corrosion of buildings),
and ecosystems (alteratfion of biodiversity) [4].

Phenomenon of Acid Rain

Acid rain is caused by the atmospheric
transformation of SO, and NO, into acidic
compounds, which then deposit onto the Earth's
surface as wet (rain, snow) or dry (dust, gases)
deposition [5]. The pH of acid rain is typically below
5.6, indicating high acidity levels. The phenomenon
is aggravated by industrial activities and
inadequate environmental regulations [6].

Figure 1: Formation of Acid Rain

Relevance in Pakistan

Pakistan is highly vulnerable to acid rain due 1o ifs
reliance on_coal-fired power plants and industries
that emit significant quantities of air pollutants [7].
Urban arecs like Karachi and Lahore experience
poor air quality, with particulate matter and NO,
levels often exceeding permissible limits [8]. Acid
rain also affects agricultural productivity in regions
like Punjab, which is the country's food basket, and
damages infrastructure in densely populated cities
[9].

The primary objectives of conducting this EIA are:
Assessing Environmental Impact: To analyze
how acid rain affects agriculture, water bodies,
infrastructure, and human health in Pakistan [10].
Identifying Sources: To identify key contributors
to the emission of SO, and NOy in the country [11].
Recommending Mitigation Strategies: To
propose actionable strategies to reduce emissions
and mitigate the adverse effects of acid rain [12].
Promoting Sustainable Development: To align
the findings with Pakistan's commitment to

environmental sustainability as outlined in its
national policies [13].

By achieving these objectives, this study analysis
seeks to inform policymakers, stakeholders, and the
public about the significance of addressing acid
rain in Pakistan.

This study focuses on understanding the impact of
acid rain on:

Geographic Focus:The study is confined to
Pakistan, particularly areas prone to industrial
activities and urbanization, such as Lahore, Karachi,
and industrial zones in Punjab and Sindh [14].

Affected Sectors:

Agriculture: Examines the effects of soil acidification
on crop Yyields and productivity, particularly in
Punjab and Sindh [15].

Infrastructure: Analyzes the corrosion of buildings
and monuments, especially in urban centers [16].
Human Health: Evaluates respiratory diseases and
other health conditions linked to acid rain exposure
[17].

Ecosystems: Investigates the impact on freshwater
ecosystems and biodiversity in areas like the Indus
River basin [18].

N




J.Bio.Innov14(2), pp:334-351,2025 |ISSN 2277-8330 (Electronic)

This comprehensive scope ensures a detailed
understanding of the multifaceted impacts of acid
rain in Pakistan.
Legal Framework
The legal and regulatory framework in Pakistan
addressing environmental concerns includes:
Pakistan Environmental Protection Act (PEPA)
1997:
Provides the foundation for environmental
protection in Pakistan [19].
Mandates the implementation of measures to
prevent  pollution, including air  pollution
contributing to acid rain [20].
National Environmental Quality Standards
(NEQS):
Sets limits for industrial emissions of SO, and NO to
control air pollution [21].
International Commitments:

Acid rain is a growing concern in Pakistan due to
the rapid industrialization, increased energy
consumption from fossil fuels, and lack of stringent
air pollution confrols. Sulfur dioxide (SO, ) and
nifrogen oxides (NOy), the primary precursors of
acid rain, are emitted from coal-fired power plants,
vehicular emissions, and industrial processes [25,
26].

Environmental Problems in Pakistan Related to Acid
Rain:
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Pakistan is a signatory to the Kyoto Protocol and the
Paris  Agreement, committing fo reduce
greenhouse gas emissions [22].

Despite these regulations, enforcement remains a
significant challenge due to lack of resources and
political  will.  Strengthening the  regulatory
framework and its implementation is critical to
mitigating acid rain in Pakistan [23].

Screening

Screening is the initial step in the Environmental
Impact Assessment (EIA) process to determine
whether a proposed activity or issue requires a
detailed EIA. For acid rain in Pakistan, this phase
involves identifying the problem, applying screening
criteria, and deciding the necessity for further
assessment [24].

Agriculture: Acid rain leads to soil acidification,
reducing ferfility and crop vyields, particularly in
Punjab, which is a major agricultural hub [27].

Infrastructure: Corrosion of buildings and
infrastructure in urban centers like Karachi and
Lahore is a significant economic burden [28].

Human Health: Acidic particulates in the air
exacerbate respiratory issues such as asthma and
bronchitis [29].

Ecosystems: Acid deposition alters aquatic
ecosystems, leading to reduced biodiversity in
affected areas like the Indus River basin [30].

Figure 2: Environmental impact of Acid Rain in Poklstcm

2:Environmental Impacts of Acid Rain

The increasing frequency of acid rain incidents
indicates  that it constitutes a  significant
environmental problem in Pakistan, affecting
critical sectors of the economy and public health.

Screening Criteria

Screening criteria help assess whether a detailed

EIA for acid rain is necessary. Key factors include:
Extent of Emissions:

Pakistan's industrial sector is a major emitter of SO,

and NO,, especially in areas like Punjab and Sindh

[31].

High vehicular emissions in urban centers contribute

significantly to air pollution [32].
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Use of low-quality coal in power plants exacerbates
the problem [33].

Geographic Scope:
Urban areas (e.g., Lahore and Karachi) face severe
pollution due to high population density and
industrial activity [34].
Agricultural regions in Punjab and Sindh are
particularly vulnerable to the effects of sall
acidification caused by acid rain [35].

Vulnerability of Areas:
Ecosystems in the Indus River basin are sensitive to
acid deposition, affecting aquatic species and
biodiversity [36].
Infrastructure in urban areas suffers from rapid
corrosion, leading to increased maintenance costs
[37].
Human health is at significant risk, especially among
vulnerable populations, such as children and the
elderly, in polluted regions [38].

These criteria highlight the severity and widespread
impacts of acid rain, justifying the need for further
evaluation.

Based on the initial findings and screening criteria, it
is evident that acid rain poses a significant
Land Use and Soil Quality Maps: Mapping areas
of used land and showing soil quality [44].
Water Quality Maps: A map of water bodies in
Pakistan showing the selected area for water
quality monitoring and the major contaminants [45]

Scoping
Scoping is-a crucial step in"the Environmental
Impact Assessment (EIA) process, used to identify
key issues, define the scope of the study, and
outline objectives. This stage ensures that all
relevant aspects of acid rain and its impacts are
addressed comprehensively  while  engaging
stakeholders and setting clear goals for
investigation [46].
The following are the primary concerns related to
acid rain in Pakistan:

Impacts on Agriculture:
Acid rain causes soil acidification, which reduces
fertility and affects crop vyields, especially in
agricultural regions like Punjab and Sindh [47].
It disrupts nutrient availability, harming crops such
as wheat, rice, and cotton, which are essential for
Pakistan's economy [48].

Impacts on Water Bodies:
Acid deposition leads to acidification of rivers,
lakes, and reservoirs, altering aquatic ecosystems
and threatening fish populations in regions like the
Indus River basin [49].
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environmental threat to Pakistan. The following
factors necessitate a detailed EIA:

High Emissions: SO, and NO, emissions from
industrial and energy sectors exceed safe limits,
contributing to the acid rain phenomenon [39].

Widespread Impact: The geographic and
sectoral impacts of acid rain—agriculture,
infrastructure, human health, and ecosystems—are
extensive and require immediate attention [40].

Policy Gaps: Weak enforcement of existing
environmental regulations, such as the Pakistan
Environmental Protection Act (1997) and National
Environmental Quality Standards (NEQS), demands
a deeper understanding of the issue for effective
policymaking [41].

Maps and Spatial Data
Maps and geographic data are important for
visualizing the geographic scope of acid rain in
Pakistan. These maps can show areas with high
emissions of sulfur dioxide (SO, ) and nitrogen
oxides (NOy), regions affected by acid deposition,
and the environmental and health hotspots [42].
Examples of maps and spatial data include:

Emissions Inventory Map: A map showing Air
Quality Index across Pakistan [43].
The leaching of harmful metals-like - aluminum from
soils ‘'info water sources further degrades water
quality [50].

Damage to Infrastructure:
Urban centers such as Lahore and Karachi face
accelerated corrosion of buildings, bridges, and
cultural monuments due to acid rain, resulting in
high maintenance and repair costs [51].
Acid rain also damages metallic structures,
reducing their lifespan [52].

Public Health Concerns:
Increased exposure to airborne acid particles
exacerbates respiratory problems like asthma,
bronchitis, and other pulmonary diseases [53].
Vulnerable populations, including children and the
elderly, are most af risk in areas with high pollution
levels [54].

Stakeholder Involvement

Effective stakeholder involvement is critical to the

success of the EIA process. The following groups are

relevant to the study of acid rain in Pakistan:
Government Agencies:

Pakistan Environmental Protection Agency (Pak-

EPA): Responsible for enforcing air quality standards

[55].

Ministry of Climate Change: Oversees national

strategies for pollution control and mitigation [56].

2. Environmental NGOs:
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Organizations such as  WWEF-Pakistan  and
Sustainable Development Policy Institute (SDPI) play
a key role in raising awareness and providing
expertise [57].

Academic instifutions and researchers studying air
pollution and environmental degradation including
Specialists in soil chemistry, hydrology and public
health for targeted analysis [58].

Farmers and residents in affected areas who
experience firsthand the impacts of acid rain on
their livelihoods, health, and living conditions [59].

Baseline Studies
Baseline studies are essential for collecting data to
assess the current status of the environment and to
measure the impacts of acid rain accurately [60].
The areas requiring data collection include:
Emission Sources:
Identify major sources of SO, and NOs emissions,
such as coal-fired power plants, vehicular traffic,
and industrial activities [61].
Regional Rainfall Acidity:
Monitor the pH levels of rainfall across different
regions to map areas most affected by acid rain
[62].
Soil and Water Chemistry:
Analyze the pH levels and chemical composition of
soil and water bodies to determine the extent of
acidification [63].
Measure concenftrations of harmful metals, such as
aluminum and mercury, in affected areas [64].
Meteorological Data:
Gather data on weather patterns, wind directions,
and rainfall.distribution, © which _influence ‘acid
deposition [65].
Objectives of EIA Study
The objectives of this EIA study on acid rain in
Pakistan are as follows:

Assessing Environmental Impacts:
Evaluate how acid rain affects agriculfure,
infrastructure, water bodies, and public health in
key regions of Pakistan [66].

Identifying Hotspots:
Pinpoint geographic areas most vulnerable to acid
rain based on emission sources and environmental
conditions [67].

Developing Mitigation Strategies:
Recommend sfrategies to reduce SO, and NOy
emissions through cleaner technologies, renewable
energy use, and stricter enforcement of air quality
standards [68].

Informing Policy:
Provide data-driven insights to guide policymakers
in implementing effective environmental
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regulations and promoting sustainable practices
[69].

Impact Analysis

Impact analysis is a crucial part of the
Environmental Impact Assessment (EIA) process that
evaluates the potential environmental, social, and
economic effects of acid rain. This step identifies
the severity, type, and duration of impacts to
support the formulation of mitigation strategies [70].

Methodology
To predict the impacts of acid rain in Pakistan, the
following tools and methodologies are used:

Modeling Techniques:

Atmospheric Dispersion Models: These models, such
as the Gaussian plume model, predict the
dispersion and deposition of SO, and NO, from
emission sources like power plants and industries
[71].

Chemical Transport Models: These models assess
how pollutants transform into acidic compounds
and predict acid rain's spatial distribution [72].

Geographic Information Systems (GIS):

GIS is-employed to map and analyze geographic
patterns of acid rain and its impacts [73].

By overlaying emission data, rainfall acidity, and
environmental vulnerability, GIS helps identfify
hotspots of acid rain impact [74].

Field Surveys and Sampling:

Ground-based monitoring of pH levels in rainwater,
soil, and water bodies [75].

Collecting data on public health issues and
infrastructure corrosion through surveys [76].

Secondary Data Analysis:

Using existing data from meteorological stations,
environmental agencies, and scientific studies to
support predictions [77].

Affected Components

Air Quality:

Acid rain is directly linked to increased
concentrations of SO, and NOy in the atmosphere
[78].

Emissions from coal-fired power plants, vehicles,
and industries conftribute significantly to air pollution
in urban centers like Lahore and Karachi [79].

Elevated levels of these pollutants reduce air
quality, affecting both the environment and human
health [80].

Water Resources:

Acid rain lowers the pH of lakes, rivers, and
groundwater, causing acidification.

In the Indus River basin, acidification disrupts
aqguatic ecosystems, reducing fish populations and
biodiversity [81].
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Acidic water also accelerates the leaching of
toxic metals like aluminum into water bodies, posing
risks to drinking water supplies [82].

Sail:

Acid deposition alters soil chemistry, depleting
essential nutrients like calcium and magnesium [83].

This nutrient depletion reduces soil ferfility,
negatively impacting crop yields in agricultural
regions like Punjab and Sindh [84].

Acidified soils also increase the solubility of foxic
metals, further harming plant growth [85].

Infrastructure:

Acid rain accelerates the corrosion of buildings,
bridges, and cultural monuments, particularly in
urban areas [86].

Structures made of limestone, marble, and
metal are especially vulnerable. For example,
historic sites in Lahore face gradual degradation
due to acid rain [87].

Loss of biodiversity in acidified ecosystems
indirectly affects food chains and fisheries [92].

Public health costs rise due to increased
respiratory and cardiovascular ilinesses [93].

Cumulative Impacts:

Prolonged exposure to acid rain exacerbates
long-term soil degradation and water acidification
[94].

Combined effects on agriculture, infrastructure,
and health create economic burdens [95].

Short-Term Impacts:

Immediate effects include crop damage during
acid rain events and increased hospitalization for
respiratory illnesses [96].

Long-Term Impacts:

Long-term soil nutrient depletion affects food
security.

Degradation of cultural heritage sites results in
irreversible losses [97].

Mitigation Measures

Mitigating acid rain involves a combination of
technological, policy, and social interventions to
address its root causes and reduce ifs impacts.
Here, we propose a comprehensive framework to
reduce emissions, restore ecosystems, and raise
public awareness about acid rain.

Emission Controls
Reducing emissions of sulfur dioxide (SO, ) and
nifrogen oxides (NOy), the primary precursors of
acid rain, is a crifical step in mitigation [98]. Key
strategies include:

Cleaner Fuels:

Transition to cleaner fuels, such as natural gas
and low-sulfur coal, to reduce SO, emissions.
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Public Health:

Fine acidic particulates in the air contribute to
respiratory problems such as asthma, bronchitis,
and lung infections [88].

Long-term exposure increases
cardiovascular diseases [89].

Vulnerable populations, including children and
the elderly, face higher health risks, especially in
polluted cities [90].

Impact Magnitude
Impacts of acid rain can be categorized as follows:

Direct Impacts:

Soil acidification directly reduces agricultural
productivity.

Acidic rainwater causes immediate damage to
infrastructure and buildings [91].

Indirect Impacts:

the risk of

Promote the use of renewable energy sources,
including solar, wind, and hydropower, to decrease
dependence on fossil fuels [99].

Technological Solutions:

Install Flue Gas Desulfurization (FGD) systems
(scrubbers) in coal-fired power plants to capture
SO, emissions [100].

UseSelective Catalytic Reduction (SCR) and
Low-NOx Burners in industrial and vehicular exhaust
systems to reduce NO, emissions [101].

Encourage the adoption of electric vehicles
(EVs) to minimize vehicular emissions [102].

Emission Standards:

Implement strict emission standards for industries
and power plants under the National Environmental
Quality Standards (NEQS) [103].

Policy Recommendations

Strengthening environmental policies and their
enforcement is essential for long-term mitigation of
acid rain:

Stronger Environmental Laws:

Revise and enforce the Pakistan Environmental
Protection Act (1997) to include stricter penalties for
non-compliance with emission standards [104].

Industrial Regulations:

Require industries to adopt clean production
techniques and monitor their emissions regularly.

Introduce carbon taxes to discourage fossil fuel
consumption and incentivize cleaner alternatives
[108].

Regional Collaboration:

Collaborate with neighboring countries under
frameworks like the South Asia Co-operative
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Environment Programme (SACEP) to address
transboundary pollution [106].

Research and Development:

Fund research into alternative energy solutions
and innovative technologies for reducing air
pollution [107].

Reforestation
Tree planting is a natural and effective strategy to
mitigate the effects of acid rain:

Neutralizing Acidity:

Trees help neutralize acidic compounds in the
soil and water, reducing the long-term effects of
acid rain [108].

Forested areas improve soil retention and
nutrient cycling, mitigating soil degradation [109].

Carbon Sequestration:

Reforestation reduces greenhouse  gas
emissions by sequestering carbon, indirectly
reducing the formation of acid rain precursors [110].

Afforestation Projects:

Initiate large-scale afforestation programs,
especially in regions like Khyber Pakhtunkhwa (e.g.,
Billion Tree Tsunami project), to restore ecosystems
and improve environmental quality [T11].

Public Awareness Campaigns

Educating the public. about acid rain and 'its
mitigation fosters collective action and builds
community resilience:

Education Programs:

Infegrate lessons on acid rain, its causes, and
effects info.school-and college curricula to create
awareness among young generations [112].

Media Campaigns:

Launch multimedia campaigns (TV, radio, and
social media) to inform the public about the health
and environmental impacts of acid rain [113].

Promote cleaner energy use and conservation
practices, such as using public fransport and
minimizing energy consumption [114].

Community Engagement:

Conduct workshops and seminars for farmers,
local communities, and industries to promote
sustainable practices [115].

Encourage community-driven  afforestation
initiatives to restore degraded lands [116].

Implementing these mitigation measures—focusing
on emission control, policy enforcement,
reforestation, and public awareness—can
significantly reduce the occurrence and impacts of
acid rain in Pakistan. By adopting a multi-faceted

approach, Pakistan can improve air quality, protect
its ecosystems, and safeguard public health [117].

Public Involvement

Public involvement is a vital component of the
Environmental Impact Assessment (EIA) process. I
ensures that the concerns and suggestions of the
affected communities are taken info account,
leading to more informed, balanced, and effective
decision-making [118]. In the case of acid rain in
Pakistan, public involvement can facilitate
awareness, support for mitigation strategies, and
accountability [119].

Engagement Strategies

To effectively involve the public and other
stakeholders in the EIA process, a range of
engagement strategies can be employed:

Public Hearings:

Organizing Public Hearings: Local communities,
especially those directly affected by acid rain,
should have the opportunity to voice their concerns
in a formal setting. Public hearings provide a
platform for residents to discuss issues such as
agricultural damage, health concerns, and air
quality. These events are typically-held in key urban
and rural areas most affected by acid rain [120].

Information Sharing: Prior to hearings, the public
should be informed through local media, posters,
and community meetings about the EIA process
and the potential impacts of acid rain [121].

Surveys:

Conducting Surveys: Surveys can be distributed
to local populations and stakeholders to collect
quantitative and qualitative data on  their
perceptions of acid rain's impacts. These surveys
can focus on areas like public health issues, crop
damage, and environmental changes [122].

Targeted Surveys for Specific  Groups:
Specialized surveys targeting farmers, healthcare
professionals, and urban residents can provide
more detailed insights info how different sectors are
affected by acid rain [123].

Focus Groups:

Facilitating Focus Groups: Small, facilitated
discussions can be organized with community
leaders, environmental NGOs, local government
representatives, and scientists. These groups
provide a more in-depth understanding of local
issues and allow for the collection of feedback on
potential solutions [124].

Inclusive Representation: Focus groups should
include a diverse range of parficipants from
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different socioeconomic backgrounds to ensure
that all voices are heard [125].

Workshops and Seminars:

Workshops and educational seminars can be
held to explain the science behind acid rain, its
effects, and the potential mitigation strategies.
These events can also help bridge the knowledge
gap and encourage informed public participation
in the EIA process [126].

Feedback

After gathering public input through the above
methods, it is important to summarize and address
the concerns raised by stakeholders. Key public
concerns related to acid rain in Pakistan might
include:

Health Concerns:

Many members of the public may express concerns
about the increase in respiratory diseases, such as
asthma and bronchitis, due to elevated levels of
sulfur and nitrogen oxides in the air.

Local communities may call for better
monitoring of air quality and stricter regulation of
industrial emissions [127].

Agricultural Damage:

Farmers may report significant losses in crop
yields due to soil acidification, which affects sall
nufrients and crop growth. Public feedback may
emphasize the need for agricultural reforms, such
as infroducing acid-resistant  crops or  sall
amendments [128].

Water and Soil Quality:

Communities -.near water .bodies. may be
concerned about the acidification of lakes, rivers,
and groundwater, leading to threats to aquatic
biodiversity and drinking water sources [129].

Citizens might suggest improving wastewater
freatment plants and pollution control fechnologies
[130].

Infrastructure Damage:

Urban populations may highlight the impact of
acid rain on buildings, bridges, and historical sites,
especially in cities like Lahore and Karachi. The
public may request more funding for the
conservation of cultural heritage sites [131].

Need for Policy Changes:

Stakeholders may call for more robust
environmental regulations, stricter enforcement of
existing laws, and the promotion of green energy
solutions [132]

Communities Integration

The feedback obtained from public involvement is
crucial for shaping the final outcomes of the EIA
process. Here's how public input can be integrated:

Incorporation of Concerns into the EIA Report:

All significant concerns raised during public
hearings, surveys, and focus groups must be
documented in the EIA report. The report should
include a summary of these concerns and describe
how they have been addressed in the analysis and
proposed mitigation measures [133].

If concerns about health or agricultural impacts
are raised, the EIA report should propose specific
measures to mitigate these issues, such as air quality
monitoring systems or agricultural support programs
[134].

Refinement of Mitigation Strategies:

The feedback collected should lead to refining
the mitigation strategies. For example, if the public
emphasizes the need for reforestation, additional
free planting programs may be included in the final
recommendations [135].

Similarly, if there is strong concern about
industrial  pollution,  stricter  emission  control
measures and enforcement may be integrated into
the policy recommendations [136].

Policy Advocacy:

Public suggestions related to strengthening
environmental regulations should be incorporated
into the EIA’s policy recommendations, advocating
for more stringent laws on air quality and pollutant
emissions [137].

The involvement of NGOs and community
leaders in the process will provide the necessary
momentum for pushing policy reforms [138].

Monitoring and Reporting:

Stakeholders should be kept informed about
how their feedback has been used and what
actions have been taken. This can be achieved
through follow-up reports, public meetings, or
through dedicated environmental portals [139].

Ensuring fransparency in how public input

shapes the EIA process can strengthen community
frust in the process and encourage confinued
engagement [140].
The Public involvement is central to the success of
an EIA, ensuring that all relevant concerns are
considered and that mifigation measures reflect
the needs of affected communities. Through
effective engagement strategies, proper feedback
mechanisms, and infegration of public input, the
EIA for acid rain can be more accurate, inclusive,
and impactful [141].



Monitoring and Evaluation Plan

A robust Monitoring and Evaluation (M&E) plan is
crucial for tracking the effectiveness of mitigation
measures implemented to combat the impacts of
acid rain. This plan ensures that the interventions
are successfully addressing environmental and
public health concerns and allows for adaptive
management to refine strategies as necessary
[142].

Implementation Plan

The implementation plan outlines the roles and
responsibilities of various stakeholders involved in
the monitoring process. Ensuring clear roles is
essential for coordinating efforts and making the
monitoring of acid rain impacts more effective
[143].

Government Agencies:

Pakistan Environmental Protection Agency
(PEPA): Responsible for the overall oversight and
coordination of the monitoring process. PEPA ‘will
ensure compliance with the National Environmental
Quality Standards (NEQS) and facilitate the
implementation of air, water, and soil quality
standards [144].

Ministry of Climate Change: Responsible for
monitoring the effectiveness of national policies
related to acid rain mitigation and evaluating the
progress of public awareness campaigns [145].

Local Authorities:

Provincial Environmental Protection Agencies:
Localized monitoring, especially in areas. directly
affected by acid rain, such as-industrial hubs or
agricultural regions, will be the responsibility of
provincial agencies. They will coordinate with local
government bodies to implement the mitigation
measures [146].

Local Municipalities: Responsible for monitoring
the impact of acid rain on public infrastructure,
particularly historical monuments, buildings, and
public health [147].

Private Sector and Industries:

Industries: Key players in emission control,
industries like cement plants and power stations
should regularly monitor emissions of sulfur dioxide
(SO, ) and nitrogen oxides (NO,) using automated
monitoring systems and report their findings to local
environmental agencies [148].

Environmental NGOs and Research Institutions:

NGOs and research instfitutions will provide
independent monitoring of environmental impacts,
such as the acidification of water bodies and the

effects on biodiversity. They can also help in public
awareness and education efforts [149].

Universities: Local academic institutions can
conduct research on the long-term impacts of acid
rain on local ecosystems and agriculture [150].

Community Involvement:

Community-based monitoring, including citizen
science projects, can confribute data from local
areas, helping frack changes in soil pH, water
quality, and health reports. This grassroots
monitoring can provide valuable on-the-ground
data [151].

Indicators

Key environmental indicators are critical to
assessing the effectiveness of mitigation measures
and understanding the scope of acid rain’s impact
on the environment. These indicators provide
concrete data that informs ongoing policy
adjustments.

Air Quality Indicators:

Concentration of Sulfur Dioxide (SO ): High levels of
SO, in the air are a direct precursor to acid rain
formation. Monitoring its concentration at various
industrial and-urban sites will help evaluate the
effectiveness of emission controls [152].

Concentration of Nitrogen Oxides (NO,): Similar
to SO, , NO emissions contribute to the formation
of acid rain. Monitoring these levels will be crucial
for assessing reductions from industrial and
vehicular sources [153].

Particulate Matter (PM): PM levels can be
affected by acid rain, particularly -due to the
impact on soil and vegetation. Monitoring PM levels
will help frack broader air quality trends [154].

Water Quality Indicators:

PH of Water Bodies: The acidity of lakes, rivers,
and groundwater is a key indicator of acid rain
impacts. Regular monitoring of pH levels in water
sources will indicate the degree of acidification
[155].

Concentration of Heavy Metals: Acid rain can
leach metals like aluminum into water bodies,
making it essential to monitor their concentration,
partficularly in regions with agricultural or fisheries
dependence [156].

Nutrient Levels: Measuring levels of nitrogen and
phosphorus in water bodies can indicate how acid
rain is affecting nutrient cycling in  aquatic
ecosystems [157].

Soil Quality Indicators:

Soil pH: Soil pH is a direct indicator of the
impact of acid rain on agricultural productivity.
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Regular soil sampling will provide data on soil
acidification [158].

Nutrient Content: Changes in soil nutrient levels,
such as calcium and magnesium, are indicative of
nutrient depletion due to acid rain [159].

Soil Health and Fertility: The overall condition of
the soil, including its microbial health, will be
assessed to understand the broader impacts on
agriculture [160].

Public Health Indicators:

Respiratory and Cardiovascular Diseases: Rates
of diseases such as asthma, bronchitis, and heart-
related issues should be monitored, especially in
areas with high industrial emissions [161].

Mortality and Morbidity Data: Tracking health-
related data from hospitals and clinics can help
determine the long-term health impacts of acid
rain [162].

Frequency of Monitoring

The frequency of monitoring is vital to ensure timely
detection of changes in environmental and public
health indicators, and to evaluate the effectiveness
of mitigation efforts.

Air Quality:

Continuous Monitoring: Key industrial-areas and
maijor cities should implement continuous air quality
monitoring stations to track SO, and NOx levels. This
data should be collected in real-fime and reported
monthly [163].

Annual Air Quality Reports: Comprehensive
reports should be prepared annually to evaluate
trends in air-pollution and effectiveness of emission
controls [164].

Water Quality:

Biannual Water Sampling: Water bodies in
regions affected by acid rain should be monitored
biannually for pH, heavy metals, and nutrients [165].

Post-Rainfall Sampling: In areas with frequent
acid rain, water quality should be tested within 48
hours of a major rain event to capfure the
immediate impacts of acid precipitation [166].

Soil Quality:

Annual Soil Sampling: Soil pH and nutrient levels
should be monitored at key agricultural sites every
year, especially in areas with significant acid rain
exposure [167].

Long-Term Monitoring: In agricultural regions, soll
health indicators should be monitored over a longer
period (every 3-5 years) to understand cumulative
impacts on fertility [168].

Public Health:

Quarterly Health Reports: Healthcare institutions
should report data quarterly on respiratory and
cardiovascular diseases, particularly from regions
affected by acid rain [169].

Annual Public Health Surveys: Conduct annual

surveys in affected areas to assess community
health trends and potential links to environmental
factors [170].
An effective Monitoring and Evaluation (M&E) plan
for acid rain mitigation is crucial for tracking the
success of implemented measures, understanding
their impacts, and making necessary adjustments.
By identifying key indicators and setting a clear
frequency for monitoring, stakeholders can ensure
timely data collection and responsive policy
implementation [171]. A collaborative approach
involving government bodies, industries, NGOs, and
local communities will be essential to making the
monitoring process comprehensive and effective
[172].

Conclusion

The conclusion of an Environmental Impact
Assessment (EIA) for acid rain in Pakistan should
succinctly summarize the findings, offer
recommendations for mitigation,~and provide a
forward-looking approach for sustainable
management. By addressing the root causes of
acid rain, —enforcing ' stricter regulations, and
adopting sustainable | agricultural and industrial
practices, Pakistan can mitigate the environmental,
economic, and health impacts associated with
acid rain. A comprehensive_approach, combining
regulation, technology, public awareness, and
scientific research, will be crucial in safeguarding
both the natural environment and public health in
the long term.
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