
 

 

Biodiversity 

• Causes  

o Habitat Destruction – Deforestation in the Amazon rainforest for cattle ranching and soybean 

farming has led to the loss of critical ecosystems, endangering species like the jaguar and harpy 

eagle. 

o Climate Change – Coral bleaching in the Great Barrier Reef due to rising ocean temperatures 

has led to massive coral die-offs, affecting marine biodiversity. 

o Pollution – Plastic pollution in the oceans harms marine life, such as sea turtles mistaking 

plastic bags for jellyfish and dying from ingestion. 

o Overexploitation – Overfishing of Atlantic cod led to the collapse of fisheries in Canada, 

disrupting marine food chains. 

o Invasive Species – The introduction of the Burmese python in the Florida Everglades has 

caused a decline in native mammal populations, such as raccoons and bobcats. 

o Agricultural Expansion – Palm oil plantations in Indonesia and Malaysia have destroyed 

habitats for orangutans, tigers, and elephants. 

o Industrial Development – The Three Gorges Dam in China disrupted aquatic ecosystems, 

leading to the decline of the Chinese river dolphin, which is now considered functionally 

extinct. 

• Intrinsic Value: 

o Intrinsic value refers to the inherent worth of biodiversity, regardless of its utility to humans. 

This perspective recognizes that species and ecosystems have value simply because they exist, 

and they have a right to exist independent of any human interest. This value is often grounded 

in ethical, philosophical, or spiritual beliefs. Many people and cultures view biodiversity as 

having intrinsic value because it contributes to the beauty, wonder, and complexity of the 

natural world. The intrinsic value argument asserts that all species have a right to exist and 

should be conserved for their own sake. 

• Instrumental Value: 

o Instrumental value, on the other hand, refers to the practical or utilitarian benefits that 

biodiversity provides to humans. This perspective focuses on the tangible ways in which 

biodiversity supports human well-being, sustains ecosystems, and contributes to various aspects 

of our lives.  

o Economic Value: Biodiversity is a source of economic wealth through activities like 

agriculture, forestry, fisheries, and tourism. It provides food, medicine, and raw materials for 

industries. 

o Ecological Services: Biodiversity plays a crucial role in ecosystem services such as pollination, 

water purification, pest control, and climate regulation. These services are essential for 

agriculture, clean water, and climate stability. 

o Scientific Knowledge: Biodiversity is a source of scientific knowledge that can lead to 

innovations in medicine, biotechnology, and other fields. 

o Cultural and Recreational Value: Biodiversity enriches culture, traditions, and recreation. 

People derive enjoyment and inspiration from the natural world. 

o Resilience and Adaptation: Biodiversity increases the resilience of ecosystems to 

environmental changes and provides options for adaptation in the face of challenges like climate 

change. 

• https://rsilpak.org/2022/assessing-pakistans-national-biodiversity-strategy-and-action-

plan/#:~:text=Pakistan's%20NBSAP,Pakistan's%20first%20NBSAP%20was%20created. 

 

https://rsilpak.org/2022/assessing-pakistans-national-biodiversity-strategy-and-action-plan/#:~:text=Pakistan's%20NBSAP,Pakistan's%20first%20NBSAP%20was%20created
https://rsilpak.org/2022/assessing-pakistans-national-biodiversity-strategy-and-action-plan/#:~:text=Pakistan's%20NBSAP,Pakistan's%20first%20NBSAP%20was%20created


 

 

• In-situ Conservation: 

o National Parks and Wildlife Sanctuaries: 

▪ Examples: Margalla Hills National Park, Hingol National Park, Khunjerab National 

Park. 

▪ These protected areas are established to conserve natural ecosystems and their 

biodiversity within their native habitats. 

o Biosphere Reserves: 

▪ Example: Ziarat Juniper Biosphere Reserve. 

▪ Biosphere reserves are designated areas where efforts are made to reconcile the 

conservation of biodiversity with sustainable use and development. 

o Conservation of Wetlands: 

▪ Example: Haleji Lake, Keenjhar Lake. 

▪ Wetlands play a crucial role in supporting diverse plant and animal species. Efforts are 

made to conserve these ecosystems in their natural state. 

• Ex-situ Conservation: 

o Seed Banks: 

▪ Example: National Agricultural Research Center (NARC) Seed Bank. 

▪ Collecting and preserving seeds of various plant species ensures the conservation of 

genetic diversity for future use in agriculture and ecosystem restoration. 

o Botanical Gardens: 

▪ Example: Quaid-e-Azam University Botanical Garden. 

▪ Botanical gardens preserve a variety of plant species outside their natural habitat, 

serving as living museums for education and research. 

o Zoological Parks and Wildlife Breeding Centers: 

▪ Examples: Lahore Zoo, Islamabad Zoo, and Changa Manga Wildlife Breeding Center. 

▪ These facilities play a role in ex-situ conservation by maintaining populations of 

endangered species and conducting breeding programs. 

o Gene Banks: 

▪ Example: National Gene Bank of Pakistan. 

▪ Gene banks store genetic material such as DNA and tissues, preserving the genetic 

diversity of various species. 

Eutrophication 

• ‘Eurtophos’ – means well-fed 

• Eutrophication: process in which water body acquires high concentration of nutrients (nitrate and 

phosphate) which promotes excessive growth of algae and as algae die and decompose, high levels of 

organic matter and decomposition deplete the oxygen from water, this causes the death aquatic life.  

• Anoxic (water without oxygen) and algal bloom cycle 

• Agriculture and sewage effluent → high nutrient content in water → high level of phytoplankton 

biomass → algal bloom → oxygen depletion from water → adverse for aquatic and human life. 

• Trophic Status: (level of nutrients in water body) 

Oligotrophic (low in nutrients) → mesotrophic (intermediate levels) → eutrophication (high in 

nutrients) → hypertrophic (very high concentration) 

• Liebig's law of the minimum (Barrel theory): used chemistry to revolutionize agricultural practices. It 

states that growth is dictated not by total resources available, but by the scarcest resource. 

• Nutrient Loading Theory: This theory suggests that eutrophication is primarily driven by human 

activities that increase the input of nutrients into aquatic ecosystems. The main sources of nutrient 



 

 

loading include agricultural runoff, industrial discharges, sewage effluent, and atmospheric 

deposition. The increased nutrient availability fuels excessive algal growth, leading to algal blooms 

and subsequent degradation of water quality. 

• Bottom-Up Control Theory: According to this theory, eutrophication is primarily controlled by the 

availability of nutrients at the base of the food web. The increased nutrient concentrations stimulate 

the growth of primary producers (algae and aquatic plants), which in turn affect higher trophic levels. 

As algal blooms occur, the excess organic matter produced can lead to reduced oxygen levels and 

subsequent negative impacts on fish and other organisms. 

• Top-Down Control Theory: This theory emphasizes the role of higher trophic levels, particularly 

herbivorous grazers and predators, in regulating eutrophication. It suggests that the excessive growth 

of algae is due to the lack of control by herbivores and predators that would typically consume 

and regulate algal populations. Factors such as overfishing, removal of predators, or disruption of 

predator-prey interactions can lead to uncontrolled algal growth. 

• Hydrological and Hydrodynamic Factors: Eutrophication can also be influenced by hydrological and 

hydrodynamic factors. These factors include water residence time, water circulation patterns, and 

nutrient retention and transport within the ecosystem. For example, shallow, stagnant water bodies 

with limited flushing have a higher likelihood of eutrophication compared to well-mixed, flowing 

systems 

• Causes of Eutrophication  

o Agricultural Runoff: Agricultural activities, such as the use of fertilizers and livestock 

farming, can contribute to eutrophication. Excess fertilizers, particularly nitrogen and 

phosphorus, can be washed off fields during rainfall events and enter nearby water bodies 

through runoff. This runoff carries the nutrients into lakes, rivers, and coastal areas, leading to 

increased nutrient concentrations and promoting algal growth. 

o Wastewater and Sewage Discharge: Discharge of untreated or inadequately treated 

wastewater and sewage into water bodies is a significant source of nutrient pollution. Human 

and industrial waste contain high levels of nutrients, including nitrogen and phosphorus, 

which can enter water bodies and fuel eutrophication. Inadequate wastewater treatment 

infrastructure and poor sanitation practices exacerbate this issue. 

o Industrial Activities: Industrial discharges, such as those from factories and power plants, 

can release nutrients and other pollutants into water bodies. Effluents from industries may 

contain excessive nutrients, heavy metals, and organic compounds that contribute to 

eutrophication when discharged into aquatic environments. 

o Urbanization and Stormwater Runoff: Urban development and increased impervious 

surfaces, such as roads and parking lots, can lead to the accumulation of pollutants on these 

surfaces. During rainfall events, stormwater runoff carries these pollutants, including nutrients, 

into nearby water bodies. Urban areas with inadequate stormwater management systems can 

contribute to eutrophication by delivering nutrient-rich runoff into aquatic ecosystems. 

o Deforestation and Land Use Changes: Deforestation and land use changes can impact 

nutrient cycling and water flow patterns. Removal of vegetation, particularly forests, can 

result in increased erosion and sedimentation in water bodies. Excess sediment can carry 

nutrients, such as phosphorus, into water bodies, leading to eutrophication. 

o Climate Change: Climate change can influence eutrophication by altering temperature 

patterns, precipitation levels, and nutrient cycling dynamics. Warmer temperatures and changes 

in precipitation patterns can affect nutrient runoff and nutrient availability in aquatic 

ecosystems, potentially exacerbating eutrophication processes. 



 

 

• Examples in Pakistan  

o Manchar Lake: Manchar Lake, located in Sindh province, is the largest freshwater lake in 

Pakistan. It has experienced severe eutrophication due to excessive nutrient inputs from 

agricultural runoff and untreated sewage. The increased nutrient levels have led to the 

proliferation of algae, causing algal blooms, reduced water quality, and oxygen depletion, which 

negatively impact fish and other aquatic life in the lake. 

o Keenjhar Lake: Keenjhar Lake, also known as Kalri Lake, is a freshwater lake in Sindh 

province, near Thatta. It is a major source of drinking water for Karachi, the largest city in 

Pakistan. The lake has been affected by eutrophication due to nutrient pollution from 

agricultural runoff, industrial discharges, and untreated sewage. The excessive nutrient inputs 

have led to algal blooms and a decline in water quality, affecting the lake's ecosystem and the 

availability of clean water for the surrounding communities. 

o Rawal Lake: Rawal Lake is a reservoir located near Islamabad, the capital city of Pakistan. It 

serves as a primary water source for the city. Eutrophication in Rawal Lake has occurred due 

to the discharge of untreated sewage, agricultural runoff, and solid waste dumping. The 

increased nutrient levels have resulted in algal blooms and a decline in water quality, impacting 

the lake's biodiversity and recreational value. 

o Haleji Lake: Haleji Lake, situated in Sindh province, is a renowned bird sanctuary and an 

important wintering ground for migratory birds. Eutrophication in Haleji Lake is primarily 

attributed to agricultural runoff, which carries excessive nutrients into the lake. The nutrient 

enrichment has led to the growth of algae and submerged aquatic plants, altering the lake's 

ecological balance and affecting the habitat for birds and other wildlife. 

• Solution of Eutrophication 

o Nutrient Management – "Balance the Bounty" 

▪ "Smart Feed, Clean Watershed":   

o Wastewater Treatment and Sanitation – "Clean It Up, Keep It Safe":  

o "Flush Responsibly, Protect Our Waters": Raise public awareness about the importance of 

proper sewage disposal and encourage the use of advanced sanitation systems to prevent 

nutrient pollution. 

o Stormwater Management: 

▪ "Capture the Rain, Spare the Drain":  

▪ "Pave the Way to Cleaner Waters": Improve urban planning and stormwater 

management practices to minimize impervious surfaces and maximize infiltration, 

reducing nutrient-laden runoff. 

o Industrial Pollution Control – "Clean Industry, Cleaner Environment":  

▪ "Zero Discharge, Zero Harm" 

o Ecosystem Restoration and Protection – "Revive, Replenish, Restore" 

o Climate Change Adaptation 

Anerobic Degradation 

• Hydrolysis: 

o In the initial step, complex organic molecules, such as carbohydrates, proteins, and fats, are 

broken down into simpler compounds. 

o Enzymes produced by anaerobic microorganisms catalyze the hydrolysis reactions. 

o Large molecules are converted into smaller molecules, including sugars, amino acids, and fatty 

acids. 

 



 

 

• Acidogenesis: 

o The products of hydrolysis, including sugars and amino acids, undergo further fermentation in 

the acidogenesis phase. 

o Anaerobic bacteria and archaea convert these compounds into organic acids (e.g., acetic acid, 

propionic acid, butyric acid), hydrogen gas (H2), and carbon dioxide (CO2). 

o This step is often associated with the production of organic acids and a decrease in pH. 

• Acetogenesis: 

o Some microorganisms, known as acetogens, convert the organic acids produced in the 

acidogenesis step into acetic acid (CH3COOH). 

o This conversion is important because acetic acid serves as a precursor for the production of 

methane in the subsequent step. 

• Methanogenesis: 

o Methanogenic archaea, specialized microorganisms, consume the products of previous steps, 

primarily acetate, as well as hydrogen and carbon dioxide. 

o These methanogens produce methane (CH4) as a metabolic byproduct. 

o Methane is a potent greenhouse gas and can be captured and used as a source of renewable 

energy in some applications. 

• Final Products: 

o The final products of anaerobic degradation typically include methane (CH4), carbon dioxide 

(CO2), water (H2O), and various residual organic compounds. 

o The process significantly reduces the organic matter's volume and complexity. 

Deforestation 

▪ Felling and clearing of forest cover or tree plantation in order to accommodate agricultural, 

residential, commercial, industrial or urban use leading to several imbalances, ecologically and 

environmentally. 

▪ FAO: 18.0 million acres of forest lost each year. 

▪ Functions of the Forests: 

• Productive  

• Protective 

• Regulative: (lungs of the earth) 

▪ Causes of Deforestation: 

• Agriculture activities 

• Logging 

• Urbanization 

• Desertification of land 

• Industrial activities 

• Mining 

• Fires 

• Human use 

• Shifting of cultivation (slash-and-burn agriculture) 

• Insufficient reforestation/ afforestation (only 1 tree planted for every 10 trees cut down. Much 

of tropical forests to disappear within the next 50 years) 

▪ Effects of De-forestation: 

• Climate imbalance 

• Global warming 

• Soil erosion 

• Floods 

• Wildlife extinction 

• Disrupted livelihoods 

• Disrupted water cycle 

▪ Solutions: 



 

 

• Curb the felling of trees (laws, rules and regulations, punitive action) 

• Replacement of forests if land cleared for urbanisation 

• Restoring the ecosystem services provided by forests including carbon storage, 

water cycling and wildlife habitat. 

 

Ozone Depletion 

• The depletion of ozone in the Earth's stratosphere primarily occurs due to the presence of 

certain chemicals, such as nitrogen oxides (NO), hydrogen (H), hydroxyl radicals (OH), 

and chlorine (Cl). These chemicals are collectively referred to as ozone-depleting 

substances (ODS), and their interaction with ozone molecules (O3) can lead to the 

breakdown of ozone in the stratosphere.  

• Nitrogen Oxides (NO): 

o Nitrogen oxides, particularly nitric oxide (NO) and nitrogen dioxide (NO2), are 

produced as byproducts of combustion processes, such as those occurring in 

engines and power plants. 

o In the stratosphere, these nitrogen oxides can react with ozone through a catalytic 

cycle. The primary reaction involves the following steps: 

o NO + O3 → NO2 + O2 

o NO2 + O → NO + O2 

o The net result of this cycle is the conversion of ozone (O3) into oxygen (O2) and 

the regeneration of nitrogen oxide (NO) for further reactions. This leads to a net 

reduction in ozone concentrations. 

• Hydrogen (H): 

o Hydrogen atoms (H) can also participate in ozone depletion. However, hydrogen's 

role in ozone depletion is relatively minor compared to other ODS. 

o Hydrogen atoms are produced primarily by the breakdown of methane (CH4) and 

water vapor (H2O) in the stratosphere. 

o H atoms can react with ozone in the following way: 

o H + O3 → OH + O2 

o This reaction contributes to the loss of ozone, but it is not the dominant process. 

• Hydroxyl Radicals (OH): 

o Hydroxyl radicals (OH) are naturally occurring molecules in the stratosphere. They 

play a crucial role in regulating the concentration of many gases, including ozone. 

o OH radicals can react with ozone in a catalytic cycle that helps to maintain the 

ozone balance: 

o OH + O3 → HO2 + O2 

o HO2 + O → OH + O2 

o This cycle effectively converts ozone (O3) into oxygen (O2) but also regenerates 

the hydroxyl radicals (OH) for further reactions. 

• Chlorine (Cl): 

o Chlorine compounds, such as chlorofluorocarbons (CFCs) and halons, are among 

the most potent ozone-depleting substances. 



 

 

o When released into the stratosphere, these compounds are broken down by 

ultraviolet (UV) radiation, releasing chlorine atoms (Cl). 

o Chlorine atoms can catalytically destroy ozone through a series of reactions, such 

as: 

o Cl + O3 → ClO + O2 

o ClO + O → Cl + O2 

o Chlorine atoms are regenerated in this cycle, allowing them to continue destroying 

ozone molecules. 

Ecological restoration 

• Ecological restoration is the process of assisting the recovery and rehabilitation of 

ecosystems that have been degraded, damaged, or destroyed. There are several techniques 

and approaches used in ecological restoration, depending on the specific goals, site 

conditions, and the type of ecosystem being restored.  

o Reforestation/Tree Planting: This technique involves the planting of trees and 

reestablishing forest ecosystems. For example, the Great Green Wall initiative in 

Africa aims to combat desertification and restore degraded landscapes by planting 

a belt of trees across the Sahel region. 

o Wetland Restoration: Wetland restoration focuses on recreating or enhancing 

wetland habitats such as marshes, swamps, and bogs. The restoration of the 

Everglades in Florida, USA, involves reestablishing natural water flows, removing 

invasive species, and reintroducing native vegetation and wildlife. 

o Stream and River Restoration: Stream and river restoration techniques aim to 

improve water quality, restore natural flow patterns, and enhance aquatic habitats. 

The Elwha River Restoration in Washington, USA, involved the removal of two 

large dams to restore the river's natural ecosystem and salmon populations. 

o Coral Reef Restoration: Coral reef restoration involves measures such as coral 

propagation and transplantation, artificial reef structures, and controlling pollution 

and overfishing. The Coral Restoration Foundation in the Florida Keys, USA, has 

been successful in restoring coral populations using techniques like coral nurseries 

and outplanting. 

o Grassland Restoration: Grassland restoration techniques focus on restoring native 

grasses, improving soil health, and managing invasive species. The Tallgrass 

Prairie Restoration in North America aims to restore the once-vast tallgrass prairie 

ecosystem by reseeding native grasses and managing grazing. 

o Mine Site Restoration: Restoring ecosystems on former mining sites involves soil 

remediation, reestablishing native vegetation, and creating suitable habitats for 

wildlife. The Eden Project in Cornwall, UK, transformed a former china clay quarry 

into a diverse ecological site with extensive planting and reclamation efforts. 

o Urban Ecological Restoration: Urban areas often require restoration efforts to 

enhance biodiversity, create green spaces, and improve the overall ecological 

health. The Cheonggyecheon Stream Restoration in Seoul, South Korea, involved 

daylighting a previously covered stream, creating an urban park, and improving 

water quality. 



 

 

  Bioaccumulation Biomagnification 

Definition Gradual buildup or accumulation of a 

substance within an organism over 

time 

Increase in concentration of a substance as 

it moves up the food chain or trophic levels 

Process Accumulation of a substance within 

the tissues of an organism 

Transfer and increase of accumulated 

substances through the consumption of 

organisms at different trophic levels 

Level of Analysis Occurs within individual organisms Occurs at the population or community 

level 

Direction of 

Accumulation 

Substances accumulate within an 

organism over time 

Concentration of substances increases as 

they move up the food chain 

Trophic Level Can occur at any trophic level Concentration increases as organisms 

move to higher trophic levels 

Time Scale Accumulation happens gradually 

over time 

Magnification occurs over multiple trophic 

levels 

Examples An individual fish accumulating 

mercury from water or food 

Top predators such as eagles or whales 

having high concentrations of a 

contaminant due to consuming prey with 

accumulated substances 

 

ENSO 

• ENSO stands for El Niño-Southern Oscillation, and it refers to a climate phenomenon 

characterized by the periodic fluctuation of sea surface temperatures and atmospheric 

conditions in the central and eastern equatorial Pacific Ocean. ENSO has three phases: El 

Niño, La Niña, and neutral. These phases have significant impacts on weather patterns 

around the world. 

 
• El Niño: Little boy in Spanish  



 

 

o During El Niño, warmer-than-average sea surface temperatures develop in the 

central and eastern Pacific Ocean. This warming disrupts normal atmospheric 

circulation patterns. 

o The weakened trade winds reduce upwelling of cold, nutrient-rich water along the 

South American coast, affecting marine life and fisheries. 

o El Niño tends to bring above-average rainfall to the eastern Pacific and drier 

conditions to the western Pacific. This can lead to severe weather events, including 

floods, droughts, and wildfires, in various parts of the world. 

 

 
• La Niña: Little Girl in Spanish  

o La Niña is the opposite of El Niño, characterized by cooler-than-average sea surface 

temperatures in the central and eastern Pacific Ocean. 

o During La Niña, stronger-than-normal trade winds enhance upwelling of cold water 

along the South American coast, leading to cooler sea surface temperatures. 

o La Niña typically brings increased rainfall to the western Pacific and drier 

conditions to the central and eastern Pacific. It can lead to different weather patterns 

than El Niño, including an increased likelihood of hurricanes in the Atlantic. 

o ENSO events typically occur every 2 to 7 years and can last for several months. 

The Southern Oscillation refers to the atmospheric component of ENSO, where 

changes in air pressure patterns in the western and eastern Pacific accompany the 

sea surface temperature changes 
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Pyramid 

• The concept that approximately 90% of energy is lost between trophic levels in an 

ecosystem is based on the ecological principle known as the 10% rule or the 10% law. This 

principle was first proposed by Raymond Lindeman in his seminal paper "The Trophic-

Dynamic Aspect of Ecology" published in 1942. 

• In Lindeman's paper, he investigated the flow of energy through a lake ecosystem and 

found that only about 10% of the energy consumed at one trophic level is converted into 

biomass and is available as food for the next trophic level. The remaining 90% of energy 

is lost as heat during metabolic processes, excretion, and other inefficiencies. 

• An ecological pyramid, also known as a trophic pyramid, is a graphical representation of 

the trophic (feeding) relationships within an ecosystem. It illustrates the distribution of 

biomass, energy, or numbers of organisms at different trophic levels. Ecological pyramids 

are divided into three types: pyramid of numbers, pyramid of biomass, and pyramid of 

energy. 

o Pyramid of Numbers: This type of ecological pyramid represents the number of 

organisms at each trophic level in an ecosystem. It shows the relative abundance of 

individuals at each level. Typically, the number of individuals decreases with 

increasing trophic levels due to energy loss and the reduced availability of 

resources. For example, there are usually more producers (plants) than herbivores, 

and fewer herbivores than carnivores. 

o Pyramid of Biomass: The pyramid of biomass represents the total biomass (the total 

weight of living organisms) at each trophic level in an ecosystem. Biomass is a 

measure of the amount of energy stored in the tissues of organisms. In general, the 

biomass decreases from lower to higher trophic levels due to energy loss and 

inefficiency of energy transfer. Producers (plants) usually have the highest biomass, 

while top-level carnivores have the lowest biomass. 



 

 

o Pyramid of Energy: The pyramid of energy represents the flow of energy through 

different trophic levels in an ecosystem. It shows the amount of energy available at 

each level. Energy is lost as heat during metabolic processes and through 

incomplete digestion. Therefore, the amount of energy available to higher trophic 

levels is reduced compared to lower trophic levels. Consequently, the pyramid of 

energy is always upright, with the highest energy content at the producer level and 

decreasing energy levels as you move up the trophic levels. 

 
• Increase in Herbivore Populations: Top carnivores often prey on herbivores, such as deer 

or gazelles. With fewer top carnivores, the populations of herbivores can increase 

unchecked because their natural predators are no longer regulating their numbers. 

• Overgrazing and Vegetation Damage: An overabundance of herbivores can lead to 

overgrazing of vegetation. This can result in reduced plant diversity and damage to the 

habitat, as herbivores consume more plant material than the ecosystem can sustain. 

• Altered Plant Communities: The reduced plant diversity and health can lead to changes 

in plant communities. Some plant species may become dominant while others decline, 

altering the structure and composition of the ecosystem. 

• Impact on Prey Species: The increased pressure from herbivores can negatively affect 

plant-eating species, which can then have cascading effects on species that depend on them 

for food or habitat. 

• Predator-Prey Dynamics: The decline in top carnivores can disrupt predator-prey 

dynamics throughout the food web. This can lead to imbalances in the abundance and 

distribution of various species, potentially causing population declines in species lower in 

the food chain. 

• Increased Competition: With fewer top carnivores, there may be increased competition 

among other predators and scavengers for available prey or carrion. 



 

 

• Disease Risk: In some cases, top carnivores help control disease by preying on herbivores 

that may carry diseases. A decline in top carnivores could lead to an increase in disease 

transmission among herbivore populations. 

• Ecosystem Instability: Overall, a decrease in the number of top carnivores can lead to 

reduced ecosystem stability. Ecosystems with lower biodiversity and disrupted food webs 

may become more vulnerable to environmental disturbances and less resilient in the face 

of change 

Climate Change Adaptation 

Climate Change Risks and Adaptation Technologies in Pakistan’s Agriculture Sector 

 

Climate Change Risks Adaptation Strategies Examples 

Reduced crop production due to 

heat stress and higher temperatures 

Develop heat- and 

drought-tolerant crop 

varieties 

Using mustard and 

drought-resistant wheat 

Water shortages due to low rainfall 

and increased evapotranspiration 

Shift sowing periods, use 

efficient irrigation 

techniques 

Delayed sowing, drip 

irrigation 

Reduction in irrigation water due to 

changing rainfall patterns 

Improve irrigation 

distribution and reduce 

losses 

Laser land leveling, canal 

lining 

Declining soil fertility and water 

quality 

Integrated water and soil 

management 

Organic fertilizers, soil 

moisture conservation 

Extreme weather events (droughts, 

heat waves) damaging crops and 

livestock 

Develop multi-hazard 

early warning systems 

SMS-based weather alerts, 

community awareness 

programs 

 

Climate Change Risks and Adaptation Strategies in Pakistan’s Water Sector 

Climate Change Risks Adaptation Strategies Examples 

Reduced water availability due 

to lower precipitation and higher 

evaporation 

Promote efficient irrigation 

techniques 

Drip irrigation, sprinkler 

systems 

Higher water losses in 

conventional irrigation systems 

Improve irrigation 

efficiency and storage 

capacity 

Canal lining, water 

reservoirs 

Increased frequency of floods, 

droughts, and storms 

Develop multi-hazard early 

warning systems 

Flood warning alerts, 

drought preparedness plans 

Limited understanding of 

climate change impacts on water 

availability 

Conduct awareness 

campaigns for public and 

policymakers 

Educational programs, 

community workshops 

Flash floods causing damage in 

hilly areas 

Implement integrated 

watershed management and 

reforestation 

Tree plantations, slow-

action dams 



 

 

Saltwater intrusion in the Indus 

Delta due to reduced freshwater 

supply 

Improve water management 

to maintain freshwater flow 

Barrages, controlled water 

releases 

Water scarcity in coastal and 

arid areas 

Promote desalination 

technologies 

Seawater desalination 

plants, solar-powered 

desalination units 

 

Climate Change Risks and Adaptation Strategies in Pakistan’s Energy Sector 

Climate Change Risks Adaptation Strategies Examples 

Extreme climate events 

damaging oil, gas, and power 

infrastructure 

Strengthen infrastructure 

resilience and improve 

forecasting 

Retrofitting power plants, 

advanced weather warning 

systems 

Hotter temperatures increasing 

energy demand 

Expand energy capacity, 

prioritize renewable sources 

Solar farms, wind energy 

projects 

Warmer air and water reducing 

thermal plant efficiency 

Invest in alternative energy 

solutions 

Geothermal and 

hydropower plants 

 

Climate Change Risks and Adaptation Strategies in Pakistan’s Urban Infrastructure Sector 

Climate Change Risks Adaptation Strategies Examples 

Heavy rainfall overwhelming 

urban drainage systems 

Expand stormwater drainage 

capacity 

Larger storm drains, 

bioswales 

Extreme weather events 

affecting potable water supply 

Promote water conservation 

and alternative sources 

Rainwater harvesting, 

desalination plants 

Landslides in mountainous 

urban centers 

Implement preventive 

measures 

Retaining walls, 

afforestation 

Sea level rise and storm surges 

impacting coastal towns 

Use protective infrastructure 

and natural barriers 

Sea walls, mangrove 

reforestation 

 

REDD/REDD+ 

• COP – 13, 2007 →  Bali action plan, REDD 

• COP – 14, 2008 → UNCCD 

• COP – 15, 2009 → Copenhagen  

• COP – 16, 2010 → Cancun, REDD+ 

Aspect REDD REDD+ 

Acronym Reducing Emissions from Deforestation 
and Forest Degradation 

Reducing Emissions from Deforestation, plus 
Conservation, Sustainable Forest Management, 

and Enhancement of Forest Carbon Stocks 

Main Objective Focuses primarily on reducing emissions 

from deforestation and forest degradation 

Expands the scope to address the broader 

aspects of forest conservation and 
sustainable forest management 

Goals Mitigate climate change by reducing 

carbon emissions from forests. 

In addition to climate mitigation, aims to 

promote biodiversity, enhance livelihoods, 

and protect the rights of indigenous 



 

 

communities 

Activities Covered Primarily addresses deforestation and 

forest degradation. 

Expands the focus to include: 

- Conservation of forest areas 

- Sustainable forest management 
- Enhancement of forest carbon stocks 

- Biodiversity conservation 

- Respect for the rights of indigenous 
and local communities 

Carbon Credits 

and Financing 
Mechanisms 

REDD projects can generate carbon 

credits for emissions reductions. 
Financing can come from carbon markets, 

bilateral agreements, and other sources. 

In addition to carbon credits, REDD+ 

projects may access additional financial 
incentives for the added activities under 

the REDD+ framework. 

Emphasis on Co-
Benefits 

Limited focus on co-benefits beyond 
carbon sequestration. 

Strong emphasis on co-benefits, such as: 
- Biodiversity conservation 

- Poverty reduction and livelihood 

improvements 
- Sustainable land-use practices 

- Protection of indigenous rights 

  

Policy  

 

Law/Policy Year 

Enacted 

Key Provisions 

Forest Act, 1927 1927 - Regulates the management, conservation, and protection of 

forests. - Addresses issues related to timber harvesting and 

forest reserves. - Provides for the establishment of forest 

officers. 

Pakistan Wildlife 

(Protection, Preservation, 

Conservation, and 

Management) Act, 1972 

1972 - Protects wildlife and their habitats. - Regulates hunting and 

poaching of wildlife. - Establishes protected areas and wildlife 

sanctuaries. 

Water (Prevention and 

Control of Pollution) Act, 

1977 

1977 - Regulates water pollution and sets standards for the quality of 

water bodies. - Establishes the Pakistan Council of Research in 

Water Resources (PCRWR). 

National Conservation 

Strategy (NCS) 

1992 - A comprehensive policy framework aimed at promoting 

sustainable development and environmental conservation. - 

Addresses various environmental issues, including 

deforestation, wildlife conservation, and water resources 

management. 



 

 

Pakistan Environmental 

Protection Act, 1997 

1997 - Establishes the Pakistan Environmental Protection Agency 

(EPA). - Regulates and controls activities that may cause 

environmental pollution or degradation. - Sets standards for 

emissions and effluents. - Requires Environmental Impact 

Assessments (EIAs) for certain projects. - Provides for penalties 

for non-compliance. 

Pakistan Clean Air Act, 

1993 

1993 - Aims to control air pollution and improve air quality. - 

Regulates emissions from industries and vehicles. - Establishes 

the National Environmental Quality Standards for air quality. 

Pakistan Environmental 

Impact Assessment (EIA) 

Regulations, 2000 

2000 - Requires EIAs for certain types of projects with potential 

environmental impacts. - Outlines the EIA process, including 

public consultation and reporting requirements. 

National Environmental 

Policy, 2005 

2005 - Provides a comprehensive policy framework for addressing 

environmental challenges in Pakistan. - Focuses on sustainable 

development, natural resource management, and climate 

change adaptation. 

Hospital Waste 

Management Rules 2005 

2005 Regulates the management, collection, and disposal of hospital 

and healthcare waste. - Defines categories of waste (e.g., 

infectious, sharp, pharmaceutical) and specifies proper 

handling and disposal methods. - Requires healthcare facilities 

to establish waste management committees and develop waste 

management plans. - Addresses the segregation, packaging, and 

transportation of healthcare waste. - Provides guidelines for the 

training of healthcare personnel involved in waste management. 

Solid Waste Management 

Plan 2005 

2005 Outlines a framework for solid waste management in Pakistan, 

including waste collection, transportation, disposal, and 

recycling. - Promotes the establishment of sanitary landfills and 

waste transfer stations. - Emphasizes public awareness and 

community involvement in waste management. - Encourages 

waste reduction, recycling, and resource recovery initiatives. - 

Calls for the development of local solid waste management 

plans by municipalities and local governments. 

Hazardous Substances 

Rules 2005 

2005 - Regulates the import, export, manufacturing, storage, sale, and 

use of hazardous substances in Pakistan. - Requires licenses for 

handling hazardous substances and sets safety standards for 

storage and transportation. - Mandates safety data sheets (SDS) 

and labeling for hazardous chemicals. - Addresses the 

responsibilities of importers, manufacturers, and users in 

ensuring safe handling and disposal. - Provides guidelines for 

the disposal of hazardous waste generated from the use of 

hazardous substances. 

National Drinking Water 

Policy of Pakistan 

2009 -Access to Safe Drinking Water, Institutional Framework, 

Water Quality Standards, Community Participation, Capacity 

Building, Water Conservation, Integration with Sanitation 



 

 

Pakistan Climate Change 

Act, 2016 

2016 - Addresses climate change issues and adaptation measures. - 

Establishes the Pakistan Climate Change Authority. - Promotes 

climate-resilient development and low-carbon strategies. 

Khyber Pakhtunkhwa 

Environmental 

Protection Act, 2014 

2014 - Applies specifically to the Khyber Pakhtunkhwa province. - 

Sets up the Khyber Pakhtunkhwa Environmental Protection 

Agency. - Regulates environmental matters within the province. 

National Biodiversity 

Strategy and Action Plan 

(NBSAP) 

2000 - Provides a framework for conserving Pakistan's biodiversity 

and ecosystems. - Aims to promote sustainable use of biological 

resources and protect endangered species. 

National Drinking Water 

Policy, 2009 

2009 - Focuses on ensuring access to safe drinking water for all. - 

Sets guidelines for water quality and sanitation. 

National Policy on 

Mountain Areas, 2010 

2010 - Addresses the unique environmental and developmental 

challenges of Pakistan's mountain regions, including the 

Himalayas and Karakoram. 

National Policy on 

Wetlands, 2016 

2016 - Aims to conserve and sustainably manage wetlands in 

Pakistan, which are crucial for biodiversity and water resources. 

National Water Policy, 

2018 

2018 - Provides a framework for sustainable water resource 

management, allocation, and conservation in Pakistan. 

 

Pakistan Environmental Protection Act, 1997 

• PEPO, 1983 repealed for PEPA, 1997 

• PEPA established: PEPC (regulation and penalties) and Pak-EPA (technical support) 

• PEPA provides framework for implementation of NCS, IEE (initial environmental 

examination), EIA, Establishment of Provincial Sustainable Development Funds, 

Protection and Conservation of Species, Conservation of Renewable Resources. 

• PEPA Salient Features: 

o Section 4, 8, 11, 13, 14, 15 – Pollution Control 

o Section 12 – IEE (review in 45 days) & EIA (review in 90 days) – both under 

federal agency 

o Section 13 – Prohibition Of Import Of Hazardous Waste 

o Section 15 – Regulation Of Motor Vehicle 

o Section 20 – Environmental Tribunals 

o Section 24 – Environmental Magistrates 

o Section 26 – Established provincial environmental protection agencies 

o Environmental Monitoring and Management Plan (EMP) 

• Delegation of powers can be delegated to provincial govt. under section 26 

• Establishment of environmental tribunals (at Karachi for Sindh and balochistan, at 

Lahore for others) 

• Pak-EPA (under section 5→ established, functions in 6(2), inquiry or investigation into 

env. issues) 



 

 

• Rules and Regulations under PEPA 

IEE/EIA (ADB) 

Category Description Assessment Required 

Category 

A 

Projects could have significant 

adverse environmental impacts. An 

EIA is required. 

- Conduct a comprehensive 

Environmental Impact Assessment 

(EIA) to address significant impacts. 

- Implement mitigation measures to 

minimize adverse impacts. 

Category 

B 

Projects could have some adverse 

environmental impacts, but of lesser 

degree than Category A. An IEE 

is required to determine if significant 

impacts warranting an EIA are likely. 

- Conduct an Initial Environmental 

Examination (IEE) to assess 

potential impacts. 

- If IEE indicates significant 

impacts, proceed to a full EIA. 

- If IEE shows no significant 

impacts, it serves as the final 

environmental assessment report. 

Category 

C 

Projects are unlikely to have adverse 

environmental impacts. No EIA or 

IEE is required. 

- No formal environmental 

assessment is necessary, but 

environmental implications are 

reviewed. 

Category 

FI 

Financial Intermediary (FI) projects 

involve ADB providing funds to 

financial institutions. 

Environmental and social due 

diligence is conducted by the 

financial intermediary institution. 

- Assess environmental and social 

risks of the financial intermediary's 

activities. 

- ADB provides guidance and 

support to ensure adherence to 

environmental and social 

safeguards. 

• Title and Objective: The regulations begin with a title and a clear statement of their 

objectives, which is typically to promote environmentally sustainable development and 

protect the environment. 

• Definitions: Regulations often include a section with definitions of key terms and concepts 

used throughout the document. 

• Applicability: The regulations specify which types of projects are subject to the IEE and 

EIA requirements. This may include a list of project categories based on size, nature, and 

potential environmental impact. 

• Responsibilities and Authorities: The regulations outline the responsibilities of various 

parties involved in the IEE/EIA process, including project proponents, environmental 

authorities, and consultants. They also specify the relevant government agency responsible 

for overseeing the process. 

• IEE Process: The regulations detail the process for conducting an Initial Environmental 

Examination (IEE). This includes requirements for scoping, data collection, impact 

assessment, alternatives analysis, and public consultation. 



 

 

• EIA Process: For larger and more impactful projects, the regulations describe the 

Environmental Impact Assessment (EIA) process, which is typically more comprehensive 

than the IEE process. It includes additional requirements for impact assessment, public 

hearings, and detailed reports. 

• Public Participation: Regulations often emphasize the importance of public participation 

in the environmental assessment process. They may require project proponents to conduct 

public consultations, disclose information to the public, and address concerns raised by 

stakeholders. 

• Report Requirements: The regulations specify the content and format of IEE and EIA 

reports, including the types of data to be collected, methodologies to be used, and the 

presentation of findings and recommendations. 

• Review and Approval: The regulations outline the procedures for the review and approval 

of IEE and EIA reports by the relevant environmental authority or committee. 

• Monitoring and Compliance: They may include provisions for post-approval monitoring 

of projects to ensure that mitigation measures are implemented and environmental 

standards are maintained. 

• Penalties and Enforcement: Regulations often include provisions for penalties and 

enforcement actions against project proponents who violate environmental assessment 

requirements or fail to comply with mitigation measures. 

• Amendments and Revisions: Regulations may specify how they can be amended or 

revised over time to reflect changing environmental standards and practices. 

 

Monreal Protocol 

• The Montreal Protocol is an international environmental treaty that was designed to protect 

the ozone layer by phasing out the production and use of substances known as ozone-

depleting substances (ODS). The protocol was adopted on September 16, 1987, and has 

been widely regarded as a successful global environmental agreement. Over time, the 

Montreal Protocol has been amended and strengthened to address emerging challenges.  

• Montreal Protocol (1987): The original Montreal Protocol aimed to regulate and phase out 

the production and consumption of ODS, including chlorofluorocarbons (CFCs), halons, 

carbon tetrachloride, and other ozone-depleting substances. The treaty set specific 

schedules and reduction targets for phasing out the production and use of these substances. 

• London Amendment (1990): The London Amendment was the first major amendment to 

the Montreal Protocol. It accelerated the phase-out schedules for the production and 

consumption of ODS. It also added several new substances to the list of regulated ODS, 

including hydrochlorofluorocarbons (HCFCs). 

• Copenhagen Amendment (1992): The Copenhagen Amendment strengthened the Montreal 

Protocol's provisions by introducing more stringent control measures. It accelerated the 

phase-out of ODS and added additional substances to the list of controlled substances. 

• Montreal Amendment (1997): The Montreal Amendment further tightened the controls on 

ODS. It mandated a complete phase-out of CFCs by 1996 in developed countries and by 

2010 in developing countries. The amendment also introduced a phase-out schedule 



 

 

for HCFCs, which are less damaging to the ozone layer than CFCs but still contribute to 

ozone depletion. 

• Beijing Amendment (1999): The Beijing Amendment aimed to accelerate the phase-out of 

HCFCs. It set specific reduction targets and a timeline for the complete elimination of 

HCFC production and consumption. 

• Kigali Amendment (2016): The Kigali Amendment is the most recent and significant 

amendment to the Montreal Protocol. It addresses the phasedown of hydrofluorocarbons 

(HFCs), which are powerful greenhouse gases used primarily as replacements for ozone-

depleting substances. The amendment sets a schedule for the reduction of HFC production 

and consumption, aiming to curb their contribution to climate change. 

• The Montreal Protocol is widely regarded as a highly successful international 

environmental agreement. Several factors contribute to its success: 

o Scientific Consensus: The Montreal Protocol was based on strong scientific 

evidence that ODS were causing significant damage to the ozone layer. The 

scientific consensus on the harmful effects of ODS helped create a sense of urgency 

and provided a solid foundation for international cooperation. 

o Global Participation: The Montreal Protocol has achieved near-universal 

participation, with almost all countries becoming parties to the agreement. This 

broad participation ensures that actions to protect the ozone layer are implemented 

worldwide, leaving no gaps for ODS production and consumption. 

o Timely Action: The protocol was adopted at a time when alternatives to ODS were 

already available. This allowed for a smooth transition to less harmful alternatives 

without major disruptions to industries and economies. 

o Clear Targets and Timelines: The Montreal Protocol set specific targets and 

timelines for the phase-out of ODS. These targets were based on the best available 

scientific knowledge and provided a clear roadmap for action. The phased approach 

allowed industries to adapt and develop suitable alternatives. 

o Financial and Technical Support: The protocol established a Multilateral Fund to 

support developing countries in implementing their obligations under the 

agreement. This financial and technical assistance helped facilitate the transition 

away from ODS in developing nations, ensuring equitable participation and 

success. 

o Compliance Mechanisms: The Montreal Protocol includes compliance mechanisms 

to ensure that countries adhere to their obligations. Regular reporting, peer reviews, 

and international cooperation in capacity-building and technology transfer have 

helped monitor and enforce compliance effectively. 

o Flexibility and Adaptability: The protocol has demonstrated flexibility in 

responding to emerging challenges. The subsequent amendments to the protocol, 

such as the Montreal, Beijing, and Kigali Amendments, have allowed for 

adjustments and strengthening of control measures to address new ozone-depleting 

substances and climate change issues. 

o Public Awareness and Engagement: The Montreal Protocol raised public awareness 

about the importance of protecting the ozone layer and the associated risks. The 



 

 

involvement of civil society, academia, and industry stakeholders has played a 

crucial role in supporting and advocating for the protocol's objectives. 

 

Types of Wastes 

• Municipal Solid Waste (MSW): This includes waste generated from households, 

commercial establishments, and institutions. It typically consists of household trash, 

packaging materials, paper, plastics, food waste, and other non-hazardous waste. 

• Hazardous Waste: Hazardous waste refers to waste materials that pose a risk to human 

health or the environment due to their toxic, flammable, corrosive, or reactive nature. 

Examples include certain chemicals, batteries, pesticides, medical waste, and electronic 

waste. 

• Industrial Waste: Industrial waste is generated by manufacturing, industrial, or 

construction activities. It can include various types of waste such as chemicals, pollutants, 

by-products, and production residues. 

• Biodegradable Waste: Biodegradable waste includes organic materials that can 

decompose naturally over time. This category includes food waste, garden waste, 

agricultural residues, and other organic materials. 

• Electronic Waste (e-waste): E-waste refers to discarded electronic devices such as 

computers, smartphones, televisions, and appliances. These items can contain hazardous 

materials like lead, mercury, and other toxic substances. 

• Construction and Demolition Waste: This type of waste includes debris generated from 

construction, renovation, and demolition activities. It consists of materials such as concrete, 

wood, metals, bricks, and other construction materials. 

• Medical Waste: Medical or healthcare waste is generated from healthcare facilities and 

includes materials like syringes, bandages, laboratory specimens, and pathological waste. 

It can be infectious or hazardous and requires special handling and disposal methods. 

• Agricultural Waste: Agricultural waste refers to waste generated from farming activities. 

It includes crop residues, animal manure, agricultural chemicals, and packaging materials. 

• Radioactive Waste: Radioactive waste contains radioactive materials, such as those 

generated by nuclear power plants, research facilities, or medical treatments. It requires 

specialized handling and disposal to minimize the risk of radiation exposure. 

• Electronic waste, often referred to as e-waste, is a type of waste that encompasses 

discarded or obsolete electronic devices. These devices can be anything from 

computers, laptops, smartphones, tablets, televisions, printers, cameras, and various 

household appliances. E-waste is a growing concern globally due to the rapid 

advancement of technology and the increased consumption of electronic devices. 

o Hazardous Materials: Electronic devices often contain hazardous substances such 

as lead, mercury, cadmium, brominated flame retardants, and other toxic chemicals. 

Improper handling and disposal of e-waste can lead to the release of these 

hazardous materials into the environment, posing risks to human health and 

ecosystems. 



 

 

o Recycling and Resource Recovery: Recycling e-waste is crucial to minimize its 

environmental impact and to recover valuable resources. Electronics recycling 

involves the extraction and reuse of valuable metals, plastics, and other materials 

from discarded devices. Proper recycling processes help reduce the need for raw 

materials and energy-intensive production of new electronic devices. 

o E-Waste Management Challenges: E-waste poses specific challenges due to its 

complex composition, hazardous components, and the need for specialized 

recycling facilities. Inadequate e-waste management can lead to environmental 

pollution, health risks for informal workers involved in informal recycling, and the 

loss of valuable resources. 

o Responsible E-Waste Disposal: It is essential to dispose of e-waste responsibly. 

Many countries have implemented regulations and guidelines for the proper 

collection, recycling, and disposal of e-waste. Governments, electronics 

manufacturers, and recycling organizations often collaborate to establish collection 

centers, recycling facilities, and awareness campaigns to promote responsible e-

waste disposal. 

o Extended Producer Responsibility (EPR): The concept of extended producer 

responsibility holds manufacturers responsible for the entire lifecycle of their 

products, including their disposal. EPR programs encourage manufacturers to 

design products with easier recyclability, establish take-back programs, and 

contribute to the management of e-waste. 

o E-Waste Initiatives and Awareness: Various organizations, NGOs, and 

government agencies work to raise awareness about e-waste management, promote 

responsible disposal practices, and establish recycling infrastructure. These 

initiatives aim to educate the public, businesses, and manufacturers about the 

importance of proper e-waste handling. 

• CERCLA, which stands for the Comprehensive Environmental Response, 

Compensation, and Liability Act, is a federal law enacted in the United States in 1980. 

It is also known as the Superfund Act. CERCLA was passed in response to the increasing 

environmental and public health risks posed by hazardous waste sites. 

• Purpose: CERCLA's primary objective is to address the cleanup of hazardous waste sites 

and to hold responsible parties accountable for the costs associated with the cleanup. It 

provides a legal framework for the identification, investigation, and remediation of 

contaminated sites. 

• Superfund Program: CERCLA established the Superfund program, which is 

administered by the Environmental Protection Agency (EPA). The program provides 

funding and resources for the cleanup of contaminated sites where responsible parties 

cannot be identified or are unable to pay for the cleanup. 

o Superfund Trust Fund: The Superfund Trust Fund is the primary source of 

funding for the Superfund program. It is financed through several mechanisms, 

including: 

o Taxes on Chemicals and Petroleum: CERCLA imposes taxes on certain 

industries that produce or use hazardous substances. These taxes include taxes on 



 

 

crude oil, petroleum products, and certain chemicals. The revenue generated from 

these taxes is deposited into the Superfund Trust Fund. 

o Environmental Income: The Superfund Trust Fund may also receive revenue 

from fines, penalties, and settlements related to environmental violations and 

hazardous waste management. 

• Hazardous Substances and Pollutants: CERCLA covers a broad range of hazardous 

substances and pollutants, including toxic chemicals, heavy metals, and radioactive 

materials. It applies to sites contaminated by these substances, whether they are abandoned, 

inactive, or still in operation. 

• National Priorities List (NPL): The EPA maintains a National Priorities List (NPL) that 

identifies the most contaminated sites in the United States. Sites listed on the NPL are 

eligible for federal funding and resources for assessment and cleanup. 

• Liability and Responsible Parties: CERCLA establishes a liability framework to hold 

responsible parties accountable for the costs associated with the cleanup of hazardous 

waste sites. Potentially responsible parties (PRPs) can include current and former owners, 

operators, and generators of hazardous substances. Liability is strict, joint, and several, 

meaning that responsible parties can be held individually or collectively liable for the full 

costs of cleanup. 

• Remedial Action and Emergency Response: CERCLA provides provisions for both 

remedial actions and emergency responses. Remedial actions involve long-term cleanup 

and restoration efforts, while emergency responses are immediate actions taken to 

address imminent threats to human health or the environment. 

• The Love Canal incident is a notable environmental disaster that occurred in Niagara Falls, 

New York, in the late 1970s. Here are the key details about the Love Canal incident: 

o Location and Background: Love Canal was a neighborhood in Niagara Falls 

developed in the 1950s on land previously used as a chemical waste disposal site. 

The site was sold to the local school board in the 1950s, and residential housing 

was built on top of the buried chemical waste. 

o Chemical Contamination: The chemical waste buried at Love Canal included over 

21,000 tons of toxic chemicals, including dioxins, benzene, and chlorinated 

hydrocarbons. The waste was not adequately contained or sealed, allowing the 

chemicals to seep into the surrounding soil and groundwater. 

o Health and Environmental Impacts: Residents of the Love Canal neighborhood 

began experiencing various health problems, including birth defects, miscarriages, 

and cancer. Chemicals from the buried waste were found in basements and 

backyards, and noxious odors were reported. The contamination posed significant 

risks to human health and the environment. 

o Citizen Activism: Concerned residents, particularly Lois Gibbs, organized and 

formed the Love Canal Homeowners Association to bring attention to the health 

and environmental problems caused by the toxic waste. They demanded action 

from local, state, and federal authorities. 



 

 

o Declaration of Emergency: In 1978, President Jimmy Carter declared a federal 

emergency at Love Canal, evacuating over 800 families from the affected area. The 

residents were relocated, and the neighborhood was declared unfit for habitation. 

o Superfund Designation: The Love Canal incident played a crucial role in the 

enactment of the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), also known as the Superfund Act. Love Canal was one 

of the first sites to be listed on the National Priorities List (NPL), which prioritizes 

the cleanup of hazardous waste sites across the United States. 

o Cleanup and Remediation: The Love Canal site underwent extensive cleanup and 

remediation efforts to address the chemical contamination. It involved the removal 

of contaminated soil and the installation of a clay cap and a landfill cap to prevent 

further contamination. 

o Legal Actions and Liability: The Love Canal incident led to legal actions against 

the responsible parties, including Hooker Chemical (now Occidental Chemical 

Corporation). Litigation and settlements were pursued to hold the company 

accountable for the damages caused by the contamination. 

  Hazardous Waste Toxic Waste 

Definition Waste that poses a substantial risk to 

human health or the environment. 

Waste that contains substances that 

can cause harm or death when 

ingested, inhaled, or absorbed. 

Characteristics Can exhibit various hazardous 

properties, such as flammability, 

corrosivity, reactivity, or toxicity. 

Contains toxic substances that are 

known or suspected to cause adverse 

effects on human health or the 

environment. 

Classification Regulated based on specific criteria 

and thresholds defined by regulatory 

authorities, such as the Resource 

Conservation and Recovery Act 

(RCRA). 

Generally classified based on the 

presence and concentration of 

specific toxic substances, such as 

heavy metals, pesticides, or 

persistent organic pollutants. 

Disposal and 

Management 

Subject to specific regulations for 

handling, storage, transportation, 

treatment, and disposal to prevent 

harm to human health and the 

environment. 

Requires specialized handling and 

disposal methods to minimize 

exposure and prevent contamination. 

Risk Assessment Assessments focus on the potential 

risks associated with the hazardous 

properties of the waste, including 

risks during storage, transportation, 

and disposal. 

Assessments examine the toxicity of 

specific substances and their 

potential to cause harm, considering 

exposure pathways and potential 

health effects. 

Examples Flammable liquids, corrosive acids, 

reactive chemicals, contaminated 

soils, etc. 

Lead-acid batteries, mercury-

containing devices, asbestos-

containing materials, certain 

pesticides, etc. 

Environmental Impact Assessment 



 

 

National environmental policy act – 1970 in USA  

EIA  is the study to predict the effects of a proposed project or activity on environment. 

• A decision making tool 

• Provides alternatives  

Project : from execution of construction to the operational phase. 

List of projects requiring EIA 

• Agriculture, livestock, fishing 

• Manufacturing and processing 

• Mining and mineral processing 

• Transport 

• Water management, dams, irrigation, and flood protection 

• Water supply and treatment  

• Waste disposal 

• Urban development and tourism 

• Other projects as per guidelines in PEPA regulations 2000. 

EIA Process/Stages/Steps 

 
1. Screening  

Whether the project needs EIA or IEE according to projects listed in Schedule 1 and 2. 



 

 

2. Scoping  

Identify concerns and key issues such as pollution, land degradation, biodiversity loss 

• Which alternatives can be considered? 

• Identify Extent of the likely impacts 

• Assessment methods to be used 

• Terms of refence (informal document) 

3. Baseline data collection 

Background information of the project area – through field sampling, interviews, surveys, 

and consultation with public. Secondary sources. 

4. Impact analysis and prediction 

Prediction of impacts during the constructional and operational phase 

• Positive and negative 

• Reversible or irreversible 

• Duration -Temporary or permanent 

• Magnitude/severity/ strength  ( low-moderate-high) 

• Extent (local, regional, transboundary or global ) 

• Type (biophysical, social health or economic) 

• Immediate or long term. 

5. Analysis of alternatives 

• Environmentally sound and financially feasible 

• No project 

• Alternative route with less impacts 

6. Mitigation measures  

• Avoid  

• Replace – regenerate similar habitat of equivalent value in different locations. 

• Reduce- filters , noise barriers, dust enclosure, wildlife corridors etc. 

• Restore – site restoration after construction 

• Compensate – relocation of displaced communities, financial compensation etc. 

7. Environmental management plan 

Detailed plan and schedule of measures of mitigation and potential environmental impacts. 

Potential impacts, source of impact, mitigation measures and Impact evaluation  of every 

item and activity , stated in the document of EMP. 

8. Environmental Impact Statement 

              Final EIA report 

• Project execution summary 

• Policy, legal and administrative framework (EPA, provincial EPA, EIA regulation 

2000) 

• Description of project site Environment  

• Proposed project details 

• Socio-economic analysis of project impacts 

• Alternatives and mitigation measures 

• Mitigation management plan 



 

 

• EMP 

• Monitoring 

• Knowledge gaps  

• Public involvement  

• Refences (reference docs. Photographs, TOR, notes of public consultation section) 

9. Public Consultation and disclosure 

Public hearing- local community, potential affectees, concerned department officials 

Comments from public. 

10. Decision making 

Based on reviews from public consultation. EIS submitted to EPA for final decision 

making. 

Either accepted or rejected 

11. Monitoring  

To make sure that proper guidelines and recommendations stated in EIA are faithfully 

followed. 

Compliance with EMP 

Main participants 

• Project proponents 

• Environmental consultants who prepare EIA 

• Pollution control board 

• Impact assessment agency--- EPA 

• Public 

Public participation 

o Involved in each step of EIA.  

Ways to ensure public participation 

✓ Public meetings 

✓ Advisory panel (group that does periodic assessment and gives future recommendations) 

✓ Open houses – accessible local location which provides proposed project details and 

information 

✓ Interviews—open ended Interviews with selected community representatives to obtain 

information/concern and views 

✓ Questionnaire  

✓ Participatory appraisal techniques. 

Importance of public participation 

1. Obtain local and traditional knowledge--- useful in decision making. 

2. Reduction of public opposition of project 

3. Economic benefits 

4. Assist with conflict resolution 

 

 

 

Strategic Environmental Assessment 



 

 

SEA is the systematic decision support process, aiming to ensure that environmental and 

possibly other sustainability aspects are considered effectively in policy, plan and program 

making  

5th action plan on the Environment – towards the realization of sustainable development 1993 

– introduced SEA 

1. Planning Stage: First, experts gather information about the plan, policy, or program being 

considered. They figure out what kind of impact it might have on the environment. 

2. Environmental Analysis: Next, they study the environment to see what's there now, like 

plants, animals, and clean air and water. They also think about what could happen to the 

environment if the plan goes forward. 

3. Consultation and Feedback: People who might be affected by the plan, like the public 

and environmental groups, are asked for their opinions. This helps decision-makers 

understand different points of view. 

4. Decision-Making: Using all the information gathered, decision-makers decide whether to 

go ahead with the plan or if changes are needed to make it better for the environment. 

5. Monitoring and Reporting: If the plan is approved, it's important to keep an eye on how 

it's working and if any unexpected problems pop up. Regular reports are made to make 

sure everything is on track. 

SEA process 

1. Screening 

SEA required or not 

Type of SEA required (national, regional or sectoral) 

2. Scoping 

✓ Identify the physical or regional limits 

✓ Define reasonable alternatives 

✓ Provide early  identification of areas that need attention 

✓ Alternatives and mitigation measures ( do nothing) 

✓ Provides different spatial approaches 

✓ Call for fiscal measures 

3. Reporting 

Preparing env report and draft plan 

4. Consultation 

Public and stakeholders, designated bodies 

No public hearing 

5. Decision making  

---Issuing the final plan on the basis of inputs from consultation 

---No standardized methods for decision-making 

Current case studies indicate that SEAs were not used in subsequent decision making and 

the programs policies plans were implemented without considering the results of the SEA. 

6. Monitoring 

Evaluate the effects of the programs/plans/ policiesand identify further studies and 

modifications. 

Issues/deficiencies   of SEA  



 

 

1. Political issues 

        Vary country to country 

         Political interests as barriers in making SEA effective 

2. Technical issues 

           Uncertainty in impact predictions due to insufficiently widespread knowledge 

of practical methods. 

3. Public participation 

When the geographical scope of SEA is very large it is difficult to decifde who 

represents the general public. There is challenge to make the information presented in 

the SEA studies more easily understandable and accessible to the public 

Importance of SEA 

Support sustainable development  

Improve the evidence base for strategic decisions 

SEA can address the cause of environmental impacts rather than simply treating the 

symptoms. 

Integration of concept of sustainability in decision making 

SEA and EIA comparison 

Aspect Environmental Impact 

Assessment (EIA) 

Strategic Environmental Assessment 

(SEA) 

Purpose Evaluates and assesses the 

environmental impacts of specific 

projects or activities. 

Evaluates and assesses the 

environmental impacts of policies, plans, 

and programs. 

Focus Project-level assessment. Policy, plan, and program-level 

assessment. 

Timing Conducted after a project or activity 

is proposed but before it is 

implemented. 

Typically conducted before the adoption 

of policies, plans, or programs. 

Scope Limited to the specific project under 

consideration. 

Broader in scope, considering 

cumulative and indirect effects on the 

environment. 

Legal 

Requirement 

Often mandated by environmental 

laws and regulations. 

Mandated by specific legislation or 

regulations, such as EU SEA Directive. 

Decision-

Making 

Provides information to support 

decision-making on individual 

projects. 

Provides information to inform decision-

making on higher-level policies and 

plans. 

Mitigation Focuses on identifying and 

recommending measures to mitigate 

adverse environmental impacts of 

the project. 

Emphasizes integrating environmental 

considerations into the development of 

policies, plans, and programs. 

Public 

Participation 

Typically includes public 

consultation and involvement in the 

EIA process. 

Requires public involvement but may 

vary in extent depending on national 

regulations. 



 

 

Scale Generally applied to smaller-scale 

projects and developments. 

Applicable to larger-scale, strategic 

initiatives with potential regional or 

national significance. 

Examples EIA is used for projects like building 

construction, infrastructure 

development, and industrial 

facilities. 

SEA is applied to policies like urban 

development plans, transportation 

strategies, and energy policies. 

Outcome Provides a detailed assessment of the 

project's potential environmental 

impacts and recommends mitigation 

measures. 

Identifies the environmental 

consequences of policies, plans, and 

programs and suggests ways to improve 

their environmental performance. 

Frequency Occurs on a project-by-project basis. Typically conducted less frequently, 

often when policies, plans, or programs 

are being formulated or revised. 

 

Risk Assessment 

 Risk is defined as the probability of suffering harm from a hazard. A risk has a probability ranging 

from zero to one. Zero indicates no risk at all, and one indicates definite harm. 

 • A hazard is the source of the risk -- not the risk itself. For a hazard to pose a risk to you, you 

must be exposed to it. Infectious disease organisms, pathogens, are biological hazards; ionizing 

radiation or hot water are examples of physical hazards. 

 

Steps by US EPA 

• Hazard Identification: 

o Definition: This step involves identifying and characterizing potential hazards or 

adverse effects associated with a particular substance, activity, or situation. 

o Example: For air pollution, one identified hazard could be exposure to fine 

particulate matter (PM2.5) emitted from industrial processes or vehicle exhaust. 

Hazard identification would involve understanding the health effects associated 

with PM2.5 exposure, such as respiratory problems and cardiovascular diseases. 

• Dose-Response Assessment: 

o Definition: In this step, researchers determine the relationship between the 

magnitude of exposure (dose) to the hazard and the likelihood and severity of 

adverse health effects (response). 

o Example: For PM2.5, researchers would conduct studies to establish how the 

concentration of PM2.5 in the air correlates with the increased risk of health 

problems. For instance, they might find that a 10 µg/m³ increase in PM2.5 

concentration leads to a 5% increase in the risk of respiratory hospital admissions. 

• Exposure Assessment: 

o Definition: Exposure assessment involves quantifying the extent and duration of 

human or environmental exposure to the hazard. 

o Example: In the case of air pollution, researchers would collect data on the 

concentrations of PM2.5 in various locations over time. They would also consider 



 

 

factors like population density, wind patterns, and time spent outdoors by 

individuals to estimate the level of exposure in different communities. 

• Risk Characterization: 

o Definition: This final step integrates information from the previous steps to estimate 

the overall risk posed by the hazard. It includes combining dose-response data with 

exposure assessment to quantify the likelihood and magnitude of adverse effects. 

o Example: Using the information gathered in the previous steps, the EPA can assess 

the risk of PM2.5 exposure on public health. They might determine, for example, 

that in a specific region with high PM2.5 concentrations, there is a 10% increased 

risk of respiratory hospital admissions for the local population. 

 


