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About the Policy Paper 
 
Tamil Nadu is at a crossroads in the battle against climate change and environmental 
degradation. What was once a localised ecological issue has now become a broader 
social and developmental challenge. Agriculture, coastal livelihoods, urban 
infrastructure and communities in all sectors of the economy and society are now 
being affected by changing weather patterns and climate impacts. 
 
But the impact of this crisis goes way beyond warming and weather fluctuations. 
Environmental degradation has affected livelihoods, economic opportunities, 
agricultural productivity and, in many cases, has resulted in climate-induced 
displacement. Studies from across India and the world have shown the close 
relationship between climate vulnerability and developmental stagnation. Tamil 
Nadu, with 1,076 kilometres of coastline, is at severe risk, with data showing that 
almost 40% of our coastal areas are highly vulnerable to sea level rise and erosion. 
Shifting monsoon patterns also pose a threat to the stateõs agricultural backbone, 
while groundwater extraction has reached critical levels in over 60% of our blocks. 
In terms of disaster management, the economic impact on Tamil Naduõs 
development trajectory, in terms of crop loss and infrastructure repair, the 
quantifiable loss runs into thousands of crores every year. 
 
The scale and complexity of the problem require us to look beyond conventional 
approaches. Awareness campaigns are still crucial, but awareness alone cannot solve 
a problem embedded in systemic industrial practices, changing climatic patterns, and 
carbon emissions. Fortunately, there are many examples of successful and 
innovative approaches to sustainable development. Although none of these models 
can be transferred directly, there are many lessons to be learned that can be adapted 
to the particular ecological context of the state. 
 
It  is with this spirit of constructive engagement that this policy paper has been 

prepared, deeply rooted in the We the Leaders Foundationôs vision of òBe the 
Change, Lead the Change.ó The objective is not merely to identify problems but 
to contribute meaningfully to the search for practical, workable and sustainable 
solutions that secure Tamil Nadu's development. 
 
The document also sketches out a community-led movement proposed by We the 
Leaders Foundation to be taken up for the whole month of August. The initiative 
is meant to spur public participation, awareness and social ownership of the 
environmental movement to complement government efforts while fostering a 
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culture of collective responsibility. We sincerely hope that successful elements of 
this initiative may be considered for wider adoption and implementation after 
evaluation. 
 
The fight against climate change and environmental degradation cannot be won by 
governments or by civil society alone. It  needs the collaboration of farmers, 
industries, environmental experts, community leaders, policymakers and above all, 
citizens. This policy paper is presented in that spirit of collaboration, humbly, with 
concern and a common resolve to protect Tamil Naduõs nature and its future. 
 
Yours sincerely, 

 
K. Annamalai  
Chief Servant ð We the Leaders 
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Climate Change 
(with inputs from World Economic Forum) 

 
Earth has warmed around 0.35 Deg C between 2015 and 2025, compared to less 
than 0.2 Deg C per decade on average between 1970 and 2015. This heating is due 
to carbon dioxide and other greenhouse gases (GHG) accumulating in the 
atmosphere, blocking outgoing infrared radiation. As less heat escapes to space, an 
energy imbalance is created, and Earth heats up. 
 
Over the past decade, an average of 56.8 billion tonnes of GHG emissions were 
released into the atmosphere every year. In 2025, 43.2 billion tonnes were carbon 
dioxide. The rest consisted of methane, nitrous oxide and fluorinated gases (HFCs, 
PFCs, SF6, NF3). Record GHG emissions over the past decade, with less cooling 
from aerosols (air pollution), have led to an especially high rate of heating. Aerosols 
have long acted as an invisible brake on heating by reflecting sunlight and altering 
cloud formation. 
 
The global temperature rise has already caused irreversible changes, unprecedented 
for tens of thousands of years. As the world nears 1.5 °C of heating, extreme 
temperatures will have the most profound impacts on people and nature. 
 
Land temperatures, where people live, have risen nearly twice as fast as ocean 
temperatures. Several regions around the world have already heated by more than 2 
deg C. Climate change has adversely impacted food security and terrestrial 
ecosystems, as well as contributing to an increased frequency, intensity and duration 
of heat-related events, including heat waves, in most land regions. 
 
The ocean has absorbed about 90% of the excess heat caused by humans. The 
number of days experiencing marine heatwaves has more than tripled globally 
between 1991 and 2025, compared with a doubling between 1982 and 2016. Marine 
heatwaves averaged 58 days for the 2016-2025 period. These heatwaves negatively 
affect both marine ecosystems and human society. 
 
Human caused GHG emissions trap more solar energy than Earth can emit back to 
space as infrared radiation (heat). In the 2006 to 2018 time period, heat energy input 
was 0.79 watts per square metre. It  has increased to 1.12 watts per square meter in 
the 2013 to 2025 period. 
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Human-caused heating is accelerating sea level rise with profound consequences for 
coastal ecosystems, safety and planning because it raises the baseline for extremes 
caused by storm surges, waves and tides. Global mean sea-level rise was 23.0 cm 
from 1901 to 2025. The current rate is 3.84 mm per year from 2018 to 2025. 
 
Achieving net-zero carbon dioxide is the only scientifically established path 
to stabilise global warming. In 2020, the IPCC (Intergovernmental Panel on Climate 
Change) calculated the remaining carbon budget for 1.5 deg C at about 500 billion 
tonnes. However, at the start of 2026, the remaining carbon budget for 1.5 deg C 
stood around 130 billion tonnes. Therefore, immediate rapid emission reductions 
could keep 1.5 deg C achievable later this century through industrial-scale carbon 
removals. 
 
Countries are supposed to submit the third round of their climate pledges - known 
as Nationally Determined Contributions (NDCs 3.0) outlining carbon-cutting plans 
for 2031 to 2035. India commits to reducing the emissions intensity of its GDP by 
47 per cent by 2035 from the 2005 level.  
 
To achieve this, India has to achieve 60 per cent cumulative electric power installed 
capacity from non-fossil fuel-based energy resources by 2035. India has to create a 

carbon sink of 3.5 to 4.0 billion tonnes of COϜ eq. through Forest and Tree Cover 
by 2035 from the 2005 level.  
 

Towards the updated NDCôs goal of enhancing the share of non-fossil fuel energy 
resources in installed electric power capacity, the country has achieved 52.57 % non-
fossil capacity (February 2026), successfully meeting the target five years ahead of 
the timeline, and now the ambition has been further raised to a 60% share of non-
fossil fuel-based energy resources in installed electric power capacity to be achieved 
by 2035.  
 
References 
https://www3.weforum.org/docs/WEF_The_State_of_Climate_Action_2023.pdf  
 
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2245209&reg=3&lang=1  
 
https://www.leeds.ac.uk/research-32/news/article/5977/major-climate-report-shows-earth-is-getting-
hotter-faster 
 
https://zerotracker.net/insights/indicators-of-global-climate-change-2025-2 
 
https://earth.org/global-warming-accelerated-in-past-decade-study-finds/ 

https://www3.weforum.org/docs/WEF_The_State_of_Climate_Action_2023.pdf
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2245209&reg=3&lang=1
https://www.leeds.ac.uk/research-32/news/article/5977/major-climate-report-shows-earth-is-getting-hotter-faster
https://www.leeds.ac.uk/research-32/news/article/5977/major-climate-report-shows-earth-is-getting-hotter-faster
https://zerotracker.net/insights/indicators-of-global-climate-change-2025-2
https://earth.org/global-warming-accelerated-in-past-decade-study-finds/
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Urban Heat Island Progression in Chennai (2014 to 2024) 
 
Based on the provided research paper (cited in the reference), the primary 
mechanism driving Chennai's elevated heat dynamics is differential cooling driven 
by rapid, drastic changes in its land use and surface composition. 
 
The study highlights the following factors that explain how Chennai's heat 
progression evolved between 2014 and 2024: 
 
1. Massive Expansion of Built -Up Areas (Impervious Surfaces) 
 

Å Rapid Land Conversion: The city underwent an extensive urban 
transformation, where built-up surfaces (buildings and roads) surged from 
covering 36% of the city in 2014 to 67% in 2024.  

Å Heat Retention: This massive expansion replaced natural landscapes with 
impervious materials like concrete and asphalt. These materials modify the 
surface energy balance by absorbing and storing high amounts of solar 
radiation during the day and releasing it slowly.  

 
2. Drastic Decline in Green Cover 
 

Å Loss of Cooling Vegetation: Due to urban encroachment, deforestation, 
and land conversion, Chennai's vegetation cover shrank sharply from 25% in 
2014 down to just 10% in 2024.  
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Å Reduced Evapotranspiration: Evapotranspiration is the combined process 
by which water moves from the land surface into the atmosphere.  
 
Replacing plants with urban infrastructure heavily reduces natural 
evapotranspiration. Furthermore, statistical correlation revealed that the city's 
remaining green spaces are highly fragmented and spatially isolated, rendering 
them insufficient to mitigate the broader, city-scale heat accumulation.  

3. The Role of Differential Cooling 
 

Å Relative Thermal Contrasts: A key finding of the research is that the 

intensification of Chennaiôs Surface Urban Heat Island (SUHI) index is 
fundamentally driven by differential cooling rather than purely absolute 
background warming.  
 

Å The Cooling Imbalance: While natural elements like water bodies and 
vegetation experienced greater, more efficient cooling over the decade, the 
dense built-up zones cooled down at a much slower rate or remained 
thermally stable. This widening imbalance drastically increased the thermal 
gradient between urbanised and non-urbanised pockets, locking intense heat 
into localised urban zones.  
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Areas in Chennai such as Pattravakkam, Ramapuram and Athipet (all near Ambattur 
Industrial Estate), Koyembedu and Meenambakkam (International Airport) had 
high Land Surface Temperatures (LST) ranging between 31.6 and 33.6 deg C. 
 
Certain wards of Pattravakkam, Pallikaranai, Kodungaiyur and a few wards of 
Koembedu had LST ranging between 33.6 and 35.6 deg C. 
 
Kodungaiyur and Manali saw LST ranging between 35.6 and 37.6 deg C. Possible 
reasons could be the Kodungaiyur dump yard and Manali factories. 
 
Reference:  
 
https://www.nature.com/articles/s41598-026-57905-4  

 
https://cms_tnccm.cloudbases.in/uploads/1_TN_Urban_cooling_guidelines_ICLEISA_Final_16_02_
2026_b6f9bbedc3.pdf  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.nature.com/articles/s41598-026-57905-4
https://cms_tnccm.cloudbases.in/uploads/1_TN_Urban_cooling_guidelines_ICLEISA_Final_16_02_2026_b6f9bbedc3.pdf
https://cms_tnccm.cloudbases.in/uploads/1_TN_Urban_cooling_guidelines_ICLEISA_Final_16_02_2026_b6f9bbedc3.pdf
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Coimbatore City Municipal  Corporation 
 
Land Use map of Coimbatore City (2024) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Land Surface Temperature 
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Temperature analysis 
 
Areas such as Sai Baba Temple, Rathinapuri, Sanganur, Ganapathy, Edayarpalayam, 
Townhall, Sundakkamuthur and Vivekanandapuram showed mean LST between 
44.49 and 53.16 deg C. 
 
Podanur, Ganesapuram, Sundarapuram, Madukarai Road, Sithapudur, Airport, 
Neelikonaampalayam and Vilnakurichi showed mean LST between 41.72 and 44.49 
deg C. 
 
The large plots of vacant land in ward 89, which correspond to a high LST, offer 
immense potential for converting them into urban blue-green spaces. 
 
Several wards showed a notable increase in LST between 2016 and 2024. For 
example, the mean LST for wards 47 and 81 increased by 4.1°C between 2016 and 
2024, indicating rapid urbanisation and industrial expansion of small industrial units.  
 
Similarly, the mean LST of wards 67 and 82 increased by 3.7°C in the same duration. 
This comprises rapidly urbanising areas like Town Hall and Ram Nagar. 
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Tiruchirapalli  City Municipal  Corporation 
 

Land Use Land Cover map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Land Surface Temperature analysis 

Areas such as Rettamalai Ondikaruppu, New Bus Stand, STP, Panjappur, Masi 
Periyamman Kovil, Ariya Mangalam dumping yard, Srirangam temple saw LST 
between 46 and 50 deg C. Thiruvanaikaval, Thillai Nagar, Anna Nagar, Devar 
Colony, UraiYur, Puthur, etc. saw LST between 42 and 46 deg C. 
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Tirunelveli City Municipal  Corporation 
 
Land Use Land Cover map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LST change between 2016 and 2024 

Tirunelveli town area surrounding Nellaiappar Temple, Palayamkottai, 
Melapalayam, Murugankurichi, Shanthi Nagar, Samathanapuram, 
Manakavalampillai Nagar saw Mean LST between 44.3.1 °C and 45.2 °C. Pettai town 
area, Dr MGR New Bus Stand area, and Xavier colony saw Mean LST between 43.4 
°C and 44.4 °C. 
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The Climate-Dairy Nexus: Impacts on Milk  Production 
 
Climate change is fundamentally altering the dairy landscape in India, shifting 
environmental baselines and presenting acute challenges to livestock productivity. 
As global warming progresses, the combination of rising ambient temperatures and 
altered precipitation patterns directly threatens India's status as a top global milk 
producer. 
 
The following sections outline the multi-tiered impacts of climate change on dairy 
production at the national level and specifically within Tamil Nadu. 
 
1. National-Level Impacts (India)  
 
Direct Heat Stress and Yield Declines 
 

Å The Energy Diversion Mechanism: When environmental conditions 

exceed an animalôs thermoneutral zone, specifically when temperatures breach 
38°C alongside relative humidity over 70%, lactating animals suffer from 
severe heat stress. To regulate their internal body temperatures, they divert 
vital metabolic energy away from milk production, leading to immediate 20% 
to 30% declines in milk  yield. 
 

Å The Temperature-Humidity  Index (THI)  Threshold: The THI  is the 
primary indicator used to gauge livestock comfort. The THI  in Tamil Nadu 
typically averages between 28 and 34 during winter months, and surges to 40 
and above during peak summers (MarchðMay). It  increases above the 
threshold category in summer months across the coastal region of the state. 
While milk production begins declining when the THI  climbs past 72, more 
than 30% of regions in India now routinely experience highly stressful THI  
levels between 80 and 85 during peak summer and monsoon months. 
 

Å Macro Production Projections: Historical modelling from the mid-2000s 
predicted climate-induced national milk losses of 1.6 million tonnes by 2020 
and up to 15 million tonnes by 2050. More recent projections cited by The 
Lancet warn that climate-induced temperature surges could slash India's total 
milk production by 25% by 2085. 
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Breed-Specific Vulnerabilities 
 

Å Buffaloes: Buffaloes are uniquely susceptible to solar radiation and heat stress 
due to their darker skin pigmentation, bare hide, and sparse distribution of 
sweat glands. A single-unit increase in potential evapotranspiration (mm/day) 
can trigger a sharp drop of approximately 1.4 litres of milk  per buffalo per 
day. 
 

Å Cross-bred Cattle: High-yielding cross-bred cows exhibit poor thermal 
tolerance, showing substantial drops in daily productivity and reproduction 
metrics during sustained heat waves. 
 

Å Indigenous Cattle: Conversely, native Bos indicus breeds (such as Sahiwal and 
Hariana) are highly climate-resilient. Their natural adaptations, including loose 
skin, highly efficient sweating mechanisms, lower metabolic heat production, 
and robust local disease immunity, allow them to maintain homeostasis far 
better than exotic or cross-bred counterparts. 

 
Indirect Ecosystem Pressures 

 

Å Nutritional  Stress: Rising surface temperatures drastically compress the 
availability, quality, and seasonal cycles of forage and pasture, causing severe 
nutritional deficits. Nationally, immediate feed and climate stressors account 

for a loss of roughly 3.2 million tonnes of milk annually (valued at 2,661 
crore). 
 

Å Surging Disease Vector Dynamics: Warmer, more humid climates expand 
the operational windows for ticks, parasites, and pathogenic microbes, 
escalating the national economic burdens associated with livestock diseases 
like mastitis and Foot and Mouth Disease (FMD). 

 
Reference 
 
https://www.thehindu.com/sci-tech/energy-and-environment/milk-production-in-india-has-dropped-
dramatically-with-climate-change/article71149465.ece  
 

 
 
 

https://www.thehindu.com/sci-tech/energy-and-environment/milk-production-in-india-has-dropped-dramatically-with-climate-change/article71149465.ece
https://www.thehindu.com/sci-tech/energy-and-environment/milk-production-in-india-has-dropped-dramatically-with-climate-change/article71149465.ece
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Transforming Agrifood Systems Amid Climate Extremes: Focus on India - 
A report by UN  Food and Agriculture Organisation 

 
The Asia-Pacific region is confronting severe challenges to its agrifood systems, 
primarily driven by climate variability and extreme weather events. In 2023, an 
estimated 384.5 million people in the region faced hunger, with climate extremes 
identified as a major catalyst for this food insecurity. Achieving sustainable food 
security requires transforming current agrifood systems, which are currently 
hindered by high food loss, environmental degradation, and limited natural 
resources. 
 
Climate Threats to India's Agrifood Systems: India is highly susceptible to the 
changing climate, experiencing severe weather shifts that directly threaten its 
agricultural output, livestock, and overall food security. 
 

Å Erratic Rainfall and Crop Yields: Over the past 40 years (1982ð2022), 23 
percent of districts in India, including New Delhi, Bengaluru, Nilgiris,  
Jaipur, Kachchh, and Indore, experienced a high number of both 
deficient and excessive rainfall years. These unpredictable monsoon 
patterns cause severe disruptions to traditional planting schedules, increase 
the risk of crop failures due to misaligned planting times, reduce yields in rain-
fed agriculture, and place immense strain on water resources due to 
heightened irrigation demands. 

 

Å Extreme Heat and Livestock: Heatwaves are severely impacting both 
human health and agricultural productivity. In 2019, India recorded scorching 
temperatures exceeding 50 °C, contributing to health crises such as heat 
strokes and an increase in mosquito-borne illnesses. In the agricultural sector, 
heat stress is projected to cause an 11 to 15 percent decrease in milk  
production in India by 2050. Rising ambient temperatures induce thermal 
strain on ruminant animals, reducing their feed intake, metabolic efficiency, 
and reproductive performance, while weakening their immune systems. 

 

Å Natural Disasters: India suffers frequent and devastating natural disasters. 
In 2019 alone, the country was struck by deadly floods and landslides. 
Furthermore, India is regularly and severely hit by tropical storms, which 
destroy infrastructure, displace populations, and contaminate freshwater 
supplies. 
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Broader Regional Context and Shared Challenges: Beyond India, the entire 
Asia-Pacific region faces systemic agricultural threats. Increased atmospheric CO2 
concentrations are projected to significantly reduce essential micronutrients (like 
iron and zinc) and protein in staple C3 crops such as rice, wheat, and soybeans. 
Warmer temperatures are also expanding the activity periods of agricultural pests, 
posing further food security risks. Furthermore, warming oceans are shifting fish 
distributions and degrading coral reefs, which threatens marine food production. 
With half of Asia's population living in low-lying coastal areas, rising sea levels and 
salt intrusion threaten to degrade land and intensify floods. 
 
Strategic Recommendations by the UN  FAO for Agrifood Transformation:  
 
To transition from vision to actionable national pathways, countries must 
implement comprehensive reforms. Key overarching recommendations include: 
 

Å Repurposing Policies: Governments must align policies across agriculture, 
health, trade, the economy, and the environment to create an enabling 
macroenvironment. This includes strengthening trade linkages and 
reorienting public finance to attract private sector investments in 
infrastructure and green technologies. 

 

Å Empowering Vulnerable Populations: Addressing inequality is vital. 
Transformation efforts must amplify the roles of women, girls, and youth, 
and integrate the valuable traditional knowledge of Indigenous communities 
to drive climate resilience. Engaging women in gender-sensitive value chains 
raises household incomes and directly improves family nutrition outcomes. 

 

Å Shifting to Sustainable Production: Agrifood systems must adopt nature-
positive innovations, agroecological principles, and integrated pest 
management. A critical focus must also be placed on minimising food loss 
and waste across the supply chain, which conserves natural resources and 
improves food availability. 

 

Å Adopting a Nexus Approach: Nations must combine immediate crisis 
response with mid-term developmental needs and long-term structural 
changes. By implementing effective disaster risk reduction strategies and early 
warning systems, communities can better withstand future climate shocks. 
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Å Financing and Capacity Building:  National pathways must be translated 
into costed action plans. To support this, countries must urgently leverage 
diverse financing sources, including public funds, private investments, and 
innovative mechanisms like green bonds or impact investing. 

 
Business as usual will not achieve food security and better nutrition in the face of 
climate extremes. Revitalising agrifood systems in India and the broader Asia-Pacific 
requires a whole-of-society approach that integrates sustainable agricultural 
practices, rapid technological innovation, and robust policy governance. 
Implementing these targeted actions will build the resilience and inclusivity 
necessary to ensure all populations have access to safe, diverse, and nutritious foods. 
 
Reference:  
 
https://openknowledge.fao.org/server/api/core/bitstreams/7703ad18-3ad3-4033-bb5e-
03fc66f43236/content  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://openknowledge.fao.org/server/api/core/bitstreams/7703ad18-3ad3-4033-bb5e-03fc66f43236/content
https://openknowledge.fao.org/server/api/core/bitstreams/7703ad18-3ad3-4033-bb5e-03fc66f43236/content
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Hydrological Stress and Regional Aquifer Dynamics 
 
Tamil Nadu faces a critical structural imbalance between groundwater extraction 
and recharge. To evaluate the state's water security, it is necessary to analyse the 
spatial and temporal variations in rainfall and their impact on groundwater storage. 
 
In India, agriculture plays a vital role in the country's economy, employing more 
than 70% of households in rural areas, and it is a vital sector of the Indian economy 
that accounts for 17% of the country's GDP.  
 
According to the IPCC (Intergovernmental Panel on Climate Change) assessment, 
reducing global warming to 1.5°C instead of 2°C will guarantee the sustainability of 
the Earth's resources. All over the globe, the agriculture sector primarily depends 
on the timing and quantity of rainfall, and it also plays a significant role in meeting 
the increasing needs of commercial and household water supplies. 
 
Rainfall is the primary source of crop production on agricultural land, particularly 
on unirrigated land. Generally speaking, the likelihood of negative consequences 
rises as climate change accelerates. Agronomic research indicates that prolonged 
temperatures may cause a notable decrease in yield.  
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Rainfall Pattern Analysis and Agronomic Security 
 
A long-term, 33-year trend analysis (1990-2023) using Mann-Kendall and Theil-Sen 
statistical models indicates positive overall rainfall trends across Tamil Nadu, with 
the exception of the Northeast monsoon. The Northeast monsoon remains the 

primary hydrological driver, delivering approximately 50% of the stateôs annual 
rainfall. Coastal regions receive significantly higher rainfall during this season than 
the interior, whereas the Southwest monsoon primarily benefits western districts 
like Coimbatore and the Nilgiris.  
 
Statistical modelling reveals a high correlation between seasonal rainfall and rain-fed 
crop production, with coefficient of determination (R2) values ranging 
from 0.79 to 0.98 (more towards 1 means more correlation), with negative 
correlation for Onion and Sugarcane alone. The state's annual rainfall has 
consistently exceeded 500 mm over this 33-year period, experiencing 6 excess, 21 
normal, and 6 deficit rainfall years. This high monsoonal dependency underscores 
the vulnerability of the state's agricultural sector to climate-driven shifts in rainfall 
distribution. 

 
 
Rainfall variations in Tamil 
Naduõs land and coastal regions 
between June 2022 and May 2023 
show that rainfall is more on land 
than in coastal areas. The districts 
on land receive more rainfall 
during the SW monsoon, while 
the coastal districts receive more 
rainfall during the NE monsoon.  
 
Farmers in coastal areas can start 
agricultural sowing during 
October because there is a 
probability of substantial rainfall 
from June to December.  
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Correlation of crop production &  yield with groundwater and rainfall 
 
Crop productivity depends on both rainfall and groundwater for agricultural land 
that is not irrigated, and for that that is, respectively. The table below shows the 
mean annual rainfall and groundwater for various districts of Tamil Nadu. While the 
northern coastal regions have very high mean annual rainfall (>1000 mm), they also 
have minimal groundwater (<4 m). Rainfall is less than 1000 mm, and groundwater 
is deeper than 4 m in southern coastal regions.  

 
Reference:  
 
https://mausamjournal.imd.gov.in/index.php/MAUSAM/article/view/6830/5912 

 
 
 
 
 
 
 
 
 
 
 
 

https://mausamjournal.imd.gov.in/index.php/MAUSAM/article/view/6830/5912
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Groundwater Depletion ð National 
 

Å High  Dependency: Groundwater is a critical resource in India, supporting 
over 60% of the country's irrigated areas and fulfilling between 50% and 80% 
of domestic water usage. Agriculture is the primary driver, accounting for 
roughly 90% of India's annual groundwater usage. 

 

Å National Depletion Rates: From 2002 to 2022, groundwater levels across 
India experienced significant declines across every season. The most severe 
national reduction occurred during the summer season at a rate of -6.52 
mm/year, while the winter season saw a slightly lower reduction of -5.46 
mm/year. 

 

Å Future Outlook: It  is estimated that approximately 60% of India's 
groundwater sources will reach a state of critical degradation within the next 
20 years, with the northern regions facing the highest levels of depletion. 

 
The Drivers: Land Use and Precipitation 
 

Å Agricultural and Urban Expansion: Anthropogenic factors (environmental 
pollutants, changes, or phenomena originating from human activity) strongly 
correlate with groundwater decline. Between 2002 and 2022, India saw a 9% 
increase in cropland area (expanding by 5,073.61 km²/year) and a 5% growth 
in urban land (expanding by 108.81 km²/year). The expansion of impervious 
surfaces in urban areas and intense agricultural extraction directly hinder 
natural groundwater recharge. 

 

Å Precipitation Deficits: At a national level, groundwater storage showed 
consistent negative correlations with total precipitation across all seasons (e.g., 
-0.34 post-monsoon), indicating that extraction rates regularly exceed natural 
replenishment. 

 
Regional Focus: The Peninsular Region (including  Tamil  Nadu) 

 
While northwestern India suffered the most extreme groundwater losses (depleting 
by as much as -19.83 mm/year in the summer), the Peninsular region 
demonstrated very different trends. 
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Å Groundwater Improvements: Unlike the rest of the country, the Peninsular 
area generally showed improvements in groundwater storage. The region saw 
increases in groundwater levels during the monsoon (+2.45 mm/year ), 
winter (+1.09 mm/year ), and post-monsoon (+1.50 mm/year ) seasons. 
 

Å Summer Declines: The only exception in the Peninsular region was a minor, 
statistically insignificant decrease of -0.32 mm/year  during the summer pre-
monsoon period. 

 

Å Precipitation Trends: These relatively stable groundwater levels correspond 
with consistent rises in precipitation across all seasons in the Peninsular 
region. Furthermore, initiatives aimed at reducing agricultural power 
consumption and educating farmers on sustainable methods have shown 
success in helping to reverse the decline of groundwater storage in this part 
of the country. 

 
Reference:  
 
https://pmc.ncbi.nlm.nih.gov/articles/PMC12804263/pdf/11356_2025_Article_37274.pdf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://pmc.ncbi.nlm.nih.gov/articles/PMC12804263/pdf/11356_2025_Article_37274.pdf
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Groundwater Depletion in Tamil  Nadu 
 
Here is a comparison of groundwater depletion for each district in Tamil Nadu, 
based on observation well data from both sources. 
 
In these reports, a "Fall"  indicates groundwater depletion (the water level dropped 
deeper below ground level), while a "Rise"  indicates an improvement in the water 
level. 
 
Please note that the 2010 report tracks 30 districts, whereas the 2026 report tracks 
38 districts due to the bifurcation and creation of new districts in the state. Districts 
that did not exist in the 2010 report are marked as "N/A"  for that period. 
 

District  

Fluctuation in 
Aug 2010 (Aug 
2009 vs. Aug 

2010) 

Fluctuation in 
Jun 2026 (Jun 
2025 vs. Jun 

2026) 

Trend Comparison 

Chennai 0.20 m Fall 0.31 m Fall 
Depletion in both 

periods 

Thiruvallur  0.01 m Rise 1.14 m Fall 
Improved in 2010, 
depleted in 2026 

Kancheepuram 0.45 m Fall 0.18 m Fall 
Depletion in both 

periods 

Chengalpattu N/A  0.69 m Fall Depletion in 2026 

Villupuram 
0.00 m (No 

change) 
1.90 m Fall 

Stable in 2010, high 
depletion in 2026 

Cuddalore 0.57 m Rise 0.43 m Fall 
Improved in 2010, 
depleted in 2026 

Kallakurichi N/A  2.39 m Fall High depletion in 2026 

Thiruvannamalai 0.48 m Fall 2.62 m Fall 
Depletion worsened 
significantly in 2026 

Ranipet N/A  0.17 m Rise Improvement in 2026 
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Vellore 0.63 m Fall 0.25 m Fall 
Depletion in both 

periods 

Tirupathur  N/A  0.54 m Fall Depletion in 2026 

Krishnagiri 2.68 m Fall 0.83 m Rise 
High depletion in 
2010, improved in 

2026 

Dharmapuri 0.02 m Fall 1.72 m Fall 
Depletion worsened 
significantly in 2026 

Salem 2.46 m Rise 2.36 m Fall 
High improvement in 
2010, high depletion in 

2026 

Namakkal 0.23 m Fall 1.82 m Fall 
Depletion worsened 
significantly in 2026 

Erode 0.09 m Rise 0.89 m Fall 
Improved in 2010, 
depleted in 2026 

Nilgiris  0.46 m Fall 0.39 m Fall 
Consistent depletion in 

both periods 

Coimbatore 0.55 m Rise 2.60 m Fall 
Improved in 2010, 

high depletion in 2026 

Tiruppur  N/A  1.07 m Fall Depletion in 2026 

Karur 0.35 m Rise 1.74 m Fall 
Improved in 2010, 

high depletion in 2026 

Pudukkottai 1.09 m Rise 0.13 m Rise 
Improvement in both 

periods 

Thiruchirapalli  0.98 m Rise 1.76 m Fall 
Improved in 2010, 

high depletion in 2026 

Perambalur 0.55 m Fall 1.87 m Fall 
Depletion worsened 
significantly in 2026 

Ariyalur N/A  0.36 m Fall Depletion in 2026 
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Thanjavur 0.34 m Rise 0.50 m Fall 
Improved in 2010, 
depleted in 2026 

Tiruvarur 0.30 m Fall 0.44 m Fall 
Depletion worsened in 

2026 

Nagapattinam 0.01 m Fall 0.19 m Fall 
Depletion worsened 

slightly in 2026 

Mayiladuthurai N/A  0.12 m Rise Improvement in 2026 

Madurai 0.86 m Fall 0.75 m Fall 
Consistent depletion in 

both periods 

Dindigul  0.52 m Rise 1.38 m Fall 
Improved in 2010, 

high depletion in 2026 

Theni 1.39 m Fall 0.85 m Fall 
Depletion 

improved/lessened by 
2026 

Virudhunagar 0.19 m Rise 1.11 m Fall 
Improved in 2010, 
depleted in 2026 

Sivagangai 2.06 m Fall 0.13 m Fall 
High depletion in 

2010, minor depletion 
in 2026 

Ramanathapuram 0.68 m Fall 0.50 m Fall 
Consistent depletion in 

both periods 

Thoothukudi  0.40 m Fall 0.58 m Fall 
Depletion worsened 

slightly in 2026 

Tenkasi N/A  0.44 m Fall Depletion in 2026 

Tirunelveli 0.23 m Rise 0.15 m Rise 
Improvement in both 

periods 

Kanyakumari 0.38 m Fall 1.59 m Fall 
Depletion worsened 
significantly in 2026 
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Key Takeaways: 
 

Å Widespread Depletion in 2026: While the August 2010 report shows that a 
considerable number of districts (13 out of 30) experienced a rise 
(improvement) in groundwater levels, the June 2026 data shows a much more 
severe statewide depletion, with only 4 out of 38 districts (Ranipet, 
Krishnagiri, Pudukkottai, and Mayiladuthurai) experiencing a rise in their 
observation wells. 

 

Å Severe Reversals: Several districts that enjoyed notable groundwater 
recovery in 2010 experienced heavy depletion in 2026. For example, Salem 
shifted from a 2.46 m rise in 2010 to a 2.36 m fall in 2026, and Coimbatore 
shifted from a 0.55 m rise to a steep 2.60 m fall. 

 
Reference: 
 
http://www.groundwatertnpwd.org.in/avwl_status.htm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.groundwatertnpwd.org.in/avwl_status.htm
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Groundwater Quality in Tamil  Nadu 
 
Based on the Annual Ground Water Quality Report (Pre-Monsoon 2024), 
groundwater across various districts in Tamil Nadu exhibits elevated levels of several 
parameters and contaminants, exceeding acceptable limits. 
 
Electrical Conductivity (Salinity): Elevated Electrical Conductivity (EC > 3000 
µS/cm), which indicates high salinity, is recorded in multiple districts. 
 

Å Most severely affected: Mimisal in Pudukkottai recorded a significantly high 
EC of 25,300 µS/cm. Bogalur in Ramanathapuram recorded 10,680 µS/cm. 

 

Å Other heavily affected locations include Abdullapuram in Vellore (7131 
µS/cm), Pulaveri in Salem (6950 µS/cm), and Thiruvegamputhur in 
Ramanathapuram (7060 µS/cm). 

 

Å High EC is also observed in locations within Coimbatore, Cuddalore, Erode, 
Kancheepuram, Namakkal, Perambalur, Sivaganga, Tenkasi, Thoothukkudi, 
Tiruchirappalli, Tirupathur, Tiruppur, Tiruvannamalai, and Virudhunagar. 

 
Nitrate Contamination: Nitrate pollution (Nitrate > 45 mg/L) is widespread 
across the state, affecting a vast number of locations in nearly every district reported. 
 

Å Most severely affected: Exceptionally high concentrations were observed in 
P.chatram, Tenkasi (331 mg/L) , Vembur, Thoothukkudi  (297 mg/L) , 
Kalloorani, Virudhunagar (239 mg/L) , and Siruganur, Tiruchirappalli  
(227 mg/L) . 

 

Å Other districts with numerous affected locations include Chengalpattu, 
Coimbatore, Cuddalore, Dharmapuri, Dindigul, Erode, Kallakurichi, 
Kancheepuram, Kanniyakumari, Karur, Krishnagiri, Madurai, Nagapattinam, 
Namakkal, Perambalur, Salem, Thanjavur, Theni, Thiruvallur, Tirunelveli, 
Tirupathur, Tiruppur, and Viluppuram. 

 
Fluoride Toxicity : Several locations exceed the safe limit for Fluoride (> 1.5 
mg/L). 
 

Å Most severely affected: Cumbum in Theni recorded 3.97 mg/L, followed 
by Nandavanampatti in Dindigul (3.27 mg/L). 
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Å Other districts showing elevated fluoride levels include Dharmapuri, Erode, 
Krishnagiri, Madurai, Perambalur, Pudukkottai, Ranipet, Salem, Tenkasi, and 
Tiruppur. 

 
4. Heavy Metals (Iron, Manganese, Lead, and Zinc)  
 

Å Iron (> 1.0 mg/L):  Very high concentrations of iron were found in 
Thirumangalam, Madurai (46.895 mg/L) and Adanakottai, Pudukkottai 
(24.820 mg/L). Other locations with elevated iron include parts of Cuddalore, 
Kancheepuram, Karur, Mayiladuthurai, Namakkal, and Theni. 

 

Å Manganese (> 0.3 mg/L):  Hanumanthanagar in Dindigul reported a 
significant concentration of 3.263 mg/L. Elevated manganese is also tracked 
in Ariyalur, Chennai, Coimbatore, Cuddalore, Dharmapuri, Kancheepuram, 
Krishnagiri, Nagapattinam, Pudukkottai, Ranipet, Sivaganga, Tenkasi, 
Thiruvallur, Thoothukkudi, Tiruchirappalli, and Tiruvannamalai. 

 

Å Lead (> 0.01 mg/L):  Lead contamination was recorded in Mogaiyur, 
Viluppuram (0.026 mg/L) and Ganapathipalayam, Tiruppur (0.016 mg/L). 

 

Å Zinc (> 15 mg/L):  A massive spike in Zinc concentration was found in 
Adanakottai, Pudukkottai (58.622 mg/L). 

 
5. Trace Elements (Arsenic and Uranium) 
 

Å Arsenic (> 10 ppb): Rameswaram in Ramanathapuram recorded a severe 
high of 63.7 ppb. Additional locations with toxic arsenic levels include 
Venmani in Tiruvannamalai (20.3 ppb), Thethakudi in Nagapattinam (15.8 
ppb), Keelpuvanikuppam in Cuddalore (14.9 ppb), and Tiruchendur-E in 
Thoothukkudi (12.7 ppb). 

 

Å Uranium (> 30 ppb): Unjanai in Namakkal (78.2 ppb) and 
Thirumangalam in Madurai (74.0 ppb) exhibit the highest uranium 
toxicity. Other affected areas include Manaparai in Tiruchirappalli (48.1 ppb), 
Thiruvegamputhur in Ramanathapuram (34.7 ppb), and Kawthalam in 
Krishnagiri (32.6 ppb). 

 
Overall, groundwater in Tamil Nadu faces severe multi-parameter contamination. 
Districts like Pudukkottai (extreme EC, Iron, and Zinc levels), Ramanathapuram 
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(high Arsenic, Uranium, and EC), and Madurai (elevated Iron, Uranium, and 
Nitrates) are specifically vulnerable "hotspots" for highly degraded groundwater 
quality. Nitrate pollution remains universally present in drinking water sources 
across the agricultural belts of the state. 
 
Reference: 
 
(https://cgwb.gov.in/cgwbpnm/publication-detail/1743 ) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://cgwb.gov.in/cgwbpnm/publication-detail/1743


 

[33] 

 

Reversing severe groundwater contamination 
 
Reversing severe groundwater contamination requires either aggressive engineered 
remediation to extract, purify, and displace pollutants, or systemic source-control 
intervention to starve the aquifer of contaminant inputs until natural attenuation 
restores the water table. 
 
Two globally recognised benchmarks demonstrate how highly degraded aquifers can 
be fully recovered at scale: 
 
1. Active Engineering: Orange County Groundwater Replenishment 

System (California, USA) 
 
The Crisis 
 
By the mid-20th century, relentless over-pumping of the Orange County 
Groundwater Basin caused the water table to drop below sea level. This pressure 
collapse triggered destructive saltwater intrusion from the Pacific Ocean, drawing 
marine salinity miles inland and contaminating coastal municipal and agricultural 
wells. Simultaneously, urban expansion and industrial manufacturing introduced 
volatile organic compounds (VOCs) and nitrates into the inland recharge zones. 
 
The Mitigation  Plan 
 
Rather than abandoning the aquifer, the Orange County Water District (OCWD) 
constructed the Groundwater Replenishment System (GWRS), the world's 
largest advanced wastewater purification and potable reuse project. Taking 100% of 
regional reclaimable wastewater (producing up to 130 million gallons per day, the 
plant treats water through a rigorous three-step advanced purification train: 
 

1. Microfiltratio n (MF):  Hollow-fibre membranes strain out suspended solids, 
bacteria, protozoa, and large organic compounds. 
 

2. Reverse Osmosis (RO): High-pressure membrane filtration removes 
dissolved salts, PFAS, VOCs, viruses, and pharmaceuticals, pushing purity 
past distilled water standards. 
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3. Advanced Oxidation Process (AOP): High-intensity ultraviolet (UV) light 
combined with hydrogen peroxide ($H_2O_2$) neutralises any trace low-
molecular-weight chemical compounds that slip through RO membranes. 

 
The Reversal &  Impact 
 

Å Hydraulic  Barrier Restoration: Approximately one-third of the ultra-pure 
water is injected directly into a series of coastal injection wells (the Talbert 
Seawater Barrier). This creates a pressurised freshwater wall that halts and 
pushes the marine saltwater wedge back into the Pacific Ocean. 

 

Å Basin Recovery: The remaining volume is pumped inland to percolation 
basins in Anaheim, filtering naturally through sand and gravel deep into the 
aquifer. 

 

Å Measurable Outcome: The aquifer was fully stabilised, chemical 
contaminant plumes were diluted and displaced, and the basin now supplies 
nearly 75% of the drinking  water for 2.5 million residents, becoming a 
drought-proof global blueprint for urban groundwater rehabilitation. 

 
2. Regulatory Source Control: Denmark's Nationwide Agrochemical 
Reversal 
 
The Crisis 
 
Denmark relies on simple, unchlorinated groundwater for nearly 100% of its 
drinking  water. By the 1980s, post-war intensive agriculture had created massive 
nitrogen surpluses and pesticide leaching. Shallow and deep aquifers across the 
Jutland peninsula and Zealand exceeded European Union safety thresholds (50 
mg/L  nitrate), forcing the closure of over 700 municipal waterworks and 
threatening the country's unchlorinated drinking water model. 
 
The Mitigation  Plan 
 
Recognising that chemical water treatment at every municipal tap would be 
economically and ecologically unsustainable, Denmark enacted a proactive 
prevention-at-source paradigm led by sequential Action Plans for the Aquatic 
Environment and the National Groundwater Monitoring Program 
(GRUNDVAND ): 
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1. Strict Nitrogen Accounting: Farmers are legally bound to national nutrient 
quotas based on precise soil composition and crop uptake models. Nitrogen 
surpluses are tracked at the farm level, and excess applications face severe 
financial penalties. 

 
2. Geophysical Wellfield Zoning: Hydrogeologists used airborne 

electromagnetic geophysics (SkyTEM) to map the nationwide 3D architecture 
of aquifers. Municipalities used this data to designate Groundwater 
Protection Zones around capture wells, legally banning fertilizers and 
pesticides in vulnerable infiltration corridors. 

 
3. Targeted Agrochemical Bans: The state systematically banned persistent 

pesticides and metabolites (such as chloridazon, atrazine, and BAM) 
immediately upon detection in early-warning groundwater monitoring wells. 

 
The Reversal &  Impact 
 

Å Documented Chemical Reversal: Using chlorofluorocarbon (CFC) age-
dating, Danish researchers tracked water recharging the aquifer over 50 years. 
They proved a statistically significant downward trend reversal in toxic 
groundwater nitrate concentrations beginning in the 1990s, directly mirroring 
a >40% reduction in national agricultural nitrogen surplus. 

 

Å Economic Viability:  Denmark demonstrated that diffuse agrochemical 
pollution can be reversed across an entire geological basin while maintaining 
high crop yields and one of the world's most intensive livestock industries. 

 
Global Best Practice Comparison 
 

Strategy 
Dimension 

Orange County, USA 
(Active Engineering) 

Denmark (Source Control) 

Primary 
Contaminants 

Saltwater intrusion, industrial 
VOCs, PFAS 

Agricultural nitrates, pesticide 
metabolites 

Mitigation  
Mechanism 

Advanced purification (MF + 
RO + UV/$H_2O_2$) and 

injection 

Legally enforced nutrient 
budgets, chemical bans, 

wellfield zoning 
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Capital 
Intensity 

High upfront infrastructure 
($>1 billion total investment) 

Low hardware capital; high 
regulatory and monitoring 

governance 

Reversal 
Timeline 

Immediate localized hydraulic 
barrier; 5ð15 years for basin 

turnover 

Decades (10ð30 years 
depending on vadose zone 
thickness and travel time) 

Primary 
Takeaway 

Ideal for high-density urban 
centers with acute point-
source or marine threats 

Ideal for extensive regional 
basins dominated by diffuse 

agrochemical pollution 

 
In developing economies, mitigating severe groundwater contamination often 
involves navigating rapid industrialisation, legacy resource extraction, and complex 
regulatory enforcement. 
 
One standout case study demonstrates world-class best practices in halting acute 
groundwater destruction and engineering ecological recovery: 
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Hydraulic  Interception &  AMD Neutralisation: Witwatersrand Gold Basin 
(South Africa) 
 
The Crisis 
 
Over a century of deep gold mining in the Witwatersrand Basin (spanning the 
Western, Central, and Eastern Basins beneath Johannesburg and surrounding 
industrial hubs) left behind massive underground mine voids. When dewatering 
pumps were shut down after mine closures, rising groundwater flooded the cavities, 
reacting with exposed iron pyrite and oxygen. 
 

Å The Impact: This generated massive volumes of Acid Mine Drainage 
(AMD) , water with a pH as low as 2.5 to 3.0, heavily laced with sulfuric acid, 
iron, aluminium, manganese, and radioactive trace uranium. By the late 2000s, 
this highly toxic water began rising toward the surface, threatening to decant 
into shallow municipal drinking water aquifers, the Vaal River system, and 
UNESCO-protected heritage sites like the Cradle of Humankind. 

 
The Mitigation  Plan (Best Practice Paradigm) 
 
The South African government established an Inter-Ministerial Task Team to 
engineer a basin-scale hydraulic interception and 37analizing37ion strategy: 
 

1. Establishing Environmental Critical Levels (ECLs): Hydrogeologists 
mapped the exact subterranean elevation limits beyond which rising AMD 
would contaminate shallow freshwater aquifers or surface drainages. 
 

2. Basin-Scale Hydraulic  Abstraction: Massive, corrosion-resistant pumping 
stations were installed directly into deep mine shafts across all three basins to 
continuously extract the rising acidic water, locking the groundwater table 
safely below the ECL threshold. 
 

3. High -Density Sludge (HDS) Treatment: The abstracted AMD is pumped 
into high-volume HDS treatment plants where it undergoes aggressive 
37analizing37ion using limestone and lime. Air oxidation precipitates heavy 
metals (iron, manganese, aluminium) out of the water column as a dense, 
manageable sludge. 
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4. Ingress Control: Surface engineering projects (analizing streams, sealing 
abandoned shafts, and repairing surface fractures) were implemented to 
prevent clean surface water and rainwater from infiltrating the subterranean 
voids, reducing the total volume of toxic water generated. 

 
The Outcomes 
 

Å Prevention of Subsurface Contamination: Pumping successfully reversed 
the uncontrolled vertical migration of the AMD plume, preventing the toxic 
water from breaching the upper dolomitic drinking water aquifers. 

 

Å Surface Water Recovery: Millions of liters of neutralized, metal-free water 
are released daily to augment regional river flows, transforming an acute toxic 
liability into a managed water resource for industrial and agricultural reuse. 
 

 
References:  

 
https://www.researchgate.net/publication/368014487_Groundwater_Recharge_to_Address_Seawater
_Intrusion_and_Supply_in_an_Urban_Coastal_Aquifer#:~:text=Map%20of%20the%20Groundwater
%20Replenishment,Case%20Studies%20in%20the%20Environment  
 
https://www.ocwd.com/micro-filtration/  
 
https://www.sciencedirect.com/science/article/abs/pii/S1462901107001219 
 
https://www.environment.co.za/documents/acid-mine-drainage-amd/inter-ministerial-report-acid-
mine-drainage-amd-witwatersrand-goldfields-south-africa.pdf 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.researchgate.net/publication/368014487_Groundwater_Recharge_to_Address_Seawater_Intrusion_and_Supply_in_an_Urban_Coastal_Aquifer#:~:text=Map%20of%20the%20Groundwater%20Replenishment,Case%20Studies%20in%20the%20Environment
https://www.researchgate.net/publication/368014487_Groundwater_Recharge_to_Address_Seawater_Intrusion_and_Supply_in_an_Urban_Coastal_Aquifer#:~:text=Map%20of%20the%20Groundwater%20Replenishment,Case%20Studies%20in%20the%20Environment
https://www.researchgate.net/publication/368014487_Groundwater_Recharge_to_Address_Seawater_Intrusion_and_Supply_in_an_Urban_Coastal_Aquifer#:~:text=Map%20of%20the%20Groundwater%20Replenishment,Case%20Studies%20in%20the%20Environment
https://www.ocwd.com/micro-filtration/
https://www.sciencedirect.com/science/article/abs/pii/S1462901107001219
https://www.environment.co.za/documents/acid-mine-drainage-amd/inter-ministerial-report-acid-mine-drainage-amd-witwatersrand-goldfields-south-africa.pdf
https://www.environment.co.za/documents/acid-mine-drainage-amd/inter-ministerial-report-acid-mine-drainage-amd-witwatersrand-goldfields-south-africa.pdf
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Waterbodies in Tamil  Nadu 
 
Tamil Nadu, with a geographic area of 1,30,058 square kilometres and a population 
of over 8 crore, relies heavily on a vast and predominantly rural network of water 
infrastructure. The first census of water bodies (published in 2023 by the Minsitry 
of Jal Shakti) in the state enumerated a total of 1,06,957 water bodies, providing 
critical insights into their composition, utilisation, and the severe environmental 
challenges they face. 
 
Composition and Geographic Distribution : The state's water resources are 
overwhelmingly concentrated in rural regions, which host 92.9% (99,414) of all 
water bodies, compared to just 7.1% (7,543) in urban areas. The infrastructure is 
largely traditional and natural; 72.2% (77,244) of the water bodies are naturally 
formed, while 27.8% (29,713) are man-made, most of which were constructed for 
under Rs. 50,000. 
 
In terms of types, tanks are the most prominent, making up nearly 41% 
(43,837) of the total, followed closely by ponds at 35.8% (38,321), and lakes at 
12.8% (13,629). The vast majority of these resources, 91.8%, are under public 
ownership. Geographically, these water bodies serve highly vulnerable regions, with 
34.3% (36,683) located in Drought Prone Areas and 8.9% in tribal areas. 

Physical Characteristics and Capacity: The data highlights that Tamil Nadu's 
water bodies are primarily small-scale and decentralised. Over 70% of the state's 
water bodies have a water spread area of less than 0.5 hectares. Similarly, their 
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storage capacities are quite limited, with 54.4% holding between 0 and 100 cubic 
meters of water, and only 8.4% capable of storing more than 10,000 cubic meters. 

Usage Patterns and Beneficiaries Despite the extensive network, a significant 
portion of this infrastructure is underutilized. Only 53.1% (56,760) of the state's 
water bodies are currently in use. Among those that are functional, irrigation is 
the dominant use, utilizing  35.8% (20,324) of the active water bodies. Ground 
water recharge (19.2%) and domestic/drinking needs (14.1%) represent the next 
most significant uses. 
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These functional water bodies are highly localised in their impact. 57.5% benefit a 
single city or town, while 39.1% fulfil the requirements of two to five cities or 
towns. Furthermore, 13,651 water bodies are formally integrated into District or 
State Irrigation Plans, highlighting their strategic importance to local agriculture. 
 
Vulnerabilities: Drying Up, Degradation, and Encroachment. The most 
critical insight from the census is the severe stress placed on these water resources. 
A staggering 46.9% (50,197) of Tamil  Nadu's water bodies are no longer in 
use. The primary driver of this failure is environmental: 21,449 water bodies have 
simply dried up. Human intervention has also caused massive degradation, with 
5,621 water bodies lost to construction, 2,808 suffering from heavy siltation, and 
1,095 destroyed beyond repair. 
 
Additionally, encroachment threatens 8,366 water bodies, predominantly 
affecting tanks (3,565) and ponds (2,805). In a detailed assessment of 4,933 of these 
encroached bodies, 1,009 were found to have more than 75% of their area 
illegally occupied, critically diminishing their capacity and utility. 

 
Water Availability Trends: The localised, small-scale nature of these water bodies, 
combined with environmental factors, makes water retention a severe challenge. 
Historical data over a five-year period shows that 39.4% of assessed water bodies 
"rarely filled up,"  and 17% "never filled up" . Only 27.5% consistently filled up 
every year. Even during the reference year of 2017-18, nearly a quarter (24.7%) of 
assessed bodies had nil or negligible storage, and only 15.5% achieved full capacity. 
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While Tamil Nadu possesses an expansive, publicly owned network of natural tanks 
and ponds designed to support drought-prone rural areas, the system is in deep 
crisis. The combination of small storage capacities, chronic inability to retain water, 
mass disuse due to drying up, and structural loss from encroachment and 
construction severely limits the state's ability to capitalise on its existing water 
infrastructure for irrigation and groundwater recharge. 
 
Reference: 
 
https://www.jalshakti-dowr.gov.in/static/uploads/2024/05/20240110191671260.pdf  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

https://www.jalshakti-dowr.gov.in/static/uploads/2024/05/20240110191671260.pdf
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Complex crisis facing TNõs traditional water infrastructure - A case study 
 

The complex crisis facing Tamil Naduôs traditional water infrastructure is vividly 
illustrated in the socio-hydrological study of the Mailam tank cascade system in 
Villupuram district, which comprises 14 interconnected tanks. The research 
provides a comprehensive analysis of how shifting human behaviours, institutional 
changes, and climate factors are driving the degradation of these vital ecosystems, 
transitioning them from active irrigation sources to mere groundwater recharge 
structures. 
 
The Breakdown of Collective Action and Cultural Connection: Historically, 
tank cascades were managed through strong social capital and community-based 
systems. Farmers practised Kudimaramathu (voluntary collective labour for 
maintenance) and the murai system (equitable water sharing rules). Specialised local 
roles, such as the Kombukatty, who was responsible for daily equitable water 
distribution to all fields, ensured the system functioned smoothly. 
 
However, this interdependent relationship has largely collapsed. Driven by the 
introduction of modern pumping technology, farmers have shifted from 
collective surface-water irrigation to individualised groundwater extraction. 
Well intensity in the command (ayacut) areas has surged by 20% to 85%. 
Consequently, the traditional cultural connections to the tanks, such as worshipping 
before the first water release, have disappeared, and community members no longer 
feel a shared responsibility to maintain the infrastructure. 
 
Institutional  Failures and Top-Down Governance: The alienation of the 
community was severely exacerbated by historical shifts in land revenue systems, 
which transferred tank ownership from local farmers to the government. Today, 
tanks with a command area over 40 hectares are managed by the Water Resources 
Department (WRD) via Water Users Associations (WUAs), while smaller tanks are 
managed by the Rural Development (RD) department via local village panchayats. 
 
This government-mediated, top-down approach has largely disempowered local 
communities. The established WUAs are largely dysfunctional, lacking the 
financial resources, decision-making power, and technical capacity to 
effectively manage the tanks. Crucially, the current policies treat tanks as isolated, 
individual structures, completely ignoring the traditional knowledge of their 
interconnected "cascade" design, which historically regulated overflow and 
mitigated floods. 
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Hydrological and Ecological Degradation: The breakdown in management has 
led to severe physical degradation of the tank cascade system. The research identifies 
several critical hydrological consequences: 
 

Å Capacity Loss: The lack of regular desilting and the invasive growth of deep-
rooted Prosopis trees have reduced water storage capacities by 10% to 25% 
across the tanks. 

 

Å Infrastructure Collapse: Sluices and shutters are broken or deliberately 
plugged with mud, surplus weirs are damaged, and field irrigation channels 
have been entirely dismantled by farmers in nearly 90% of the network. 

 

Å Land Use Transformation: Between 2004 and 2024, the region saw a 44% 
reduction in cropland alongside a 13% increase in fallow lands. Meanwhile, 
built-up settlement areas in the catchment zones spiked by 1,200% (from 5 to 
65 hectares). 

 

Å Altered Water Dynamics: Due to changing land use and higher rainfall, 
surface runoff has increased by 19%. However, localised groundwater levels 
continue to fall (dropping by 0.43 to 0.82 meters below ground level 
compared to the decadal mean) due to the massive increase in independent 
well pumping. 

 
Climate Vulnerability: This degraded infrastructure is increasingly ill-equipped to 
handle modern climate realities. Rainfall analysis from 1994 to 2023 indicates a sharp 
rise in extreme weather events; heavy, very heavy, and extremely heavy rainfall days 
have all increased significantly since the year 2000. Poorly maintained bunds and 
defunct sluices mean that these extreme rainfall events now pose a severe flooding 
risk to surrounding communities and crops, rather than serving as an opportunity 
to harvest and store water. 
 
Strategic Recommendations for Resilience: To rescue these vital ecosystems, 
the researchers strongly advocate for a socio-hydrological approachñone that 
recognises the inseparable feedback loops between human behaviour, institutional 
governance, and water systems. Key recommendations include: 
 

1. Mainstreaming the Cascade Approach: Government rehabilitation 
policies must shift from restoring isolated tanks to repairing entire 
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interconnected cascades to ensure safe flood routing and optimal water 
retention. 

 

2. Financial Empowerment of WUAs: To build resilient, self-governing 
institutions, WUAs must be given revenue-generating avenues, such as 
managing highly profitable inland fish culture, which requires less labour but 
fosters collective responsibility. 

 

3. Gender Integration: With many men migrating to urban areas for non-farm 
employment, women are increasingly managing small-scale agriculture. 
Empowering women's collectives to take leadership roles in tank management 
represents a critical opportunity for future sustainability. 

 
References: 
 
https://www.frontiersin.org/journals/water/articles/10.3389/frwa.2025.1597293/full  
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Major Rivers of Tamil  Nadu 
 
A comprehensive environmental dataset compiled by the Tamil Nadu Pollution 
Control Board for the year 2024 details the results of the National Water 
Monitoring  Programme, tracking the quality of various rivers across Tamil Nadu 
on a monthly basis. The tables record a wide array of chemical and biological 
indicators, such as pH  levels, dissolved oxygen, Biochemical Oxygen 
Demand, TDS and coliform counts, to assess the health of the water. 
 
Water quality is said to be good if pH ranges between 6.5-8.5, Dissolved Oxygen 
(DO) is Ó5mg/L, Biochemical Oxygen Demand (BOD) is Ò3mg/L, Total Coliform 
Ò1 MPN/100ml and TDS is less than or equal to 500 mg/L. 
 
Cauvery  
The following tabular column details the water quality parameters and their 
deviations for all active monitoring stations along the Cauvery River for the month 
of December 2024. 
 

Station 
Name 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH  
Level*(St
andard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Musiri  
ferry 
gate 

7.2 
*(Within 
limits)* 

1.52 
*(Within 
limits)* 

7.62 
*(Within 
limits)* 

594 
*(Exceeds 

by 94)* 

41 *(Exceeds by 
40)* 

Mettur 
5.9 

*(Within 
limits)* 

2.1 
*(Within 
limits)* 

7.86 
*(Within 
limits)* 

216 
*(Within 
limits)* 

131 *(Exceeds by 
130)* 

Pallipala
yam 

5.8 
*(Within 
limits)* 

2.9 
*(Within 
limits)* 

7.76 
*(Within 
limits)* 

378 
*(Within 
limits)* 

85 *(Exceeds by 
84)* 

Tiruchir
appalli 
U/s  

7.41 
*(Within 
limits)* 

2.3 
*(Within 
limits)* 

7.41 
*(Within 
limits)* 

786 
*(Exceeds 
by 286)* 

41 *(Exceeds by 
40)* 
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Grand 
Anaiuct 

7.29 
*(Within 
limits)* 

1.58 
*(Within 
limits)* 

8.43 
*(Within 
limits)* 

526 
*(Exceeds 

by 26)* 

62.3 *(Exceeds by 
61.3)* 

Karunth
attankud
i 

7.65 
*(Within 
limits)* 

1.64 
*(Within 
limits)* 

7.65 
*(Within 
limits)* 

418 
*(Within 
limits)* 

80.9 *(Exceeds by 
79.9)* 

Vairamp
alayam 

4.6 *(Falls 
short by 

0.4)* 

2.9 
*(Within 
limits)* 

7.59 
*(Within 
limits)* 

470 
*(Within 
limits)* 

129 *(Exceeds by 
128)* 

Paramat
hy Velur 

5.4 
*(Within 
limits)* 

3.9 
*(Exceeds 
by 0.9)* 

8.11 
*(Within 
limits)* 

1104 
*(Exceeds 
by 604)* 

111 *(Exceeds by 
110)* 

Mohanu
r 

7.7 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

8.13 
*(Within 
limits)* 

928 
*(Exceeds 
by 428)* 

99 *(Exceeds by 
98)* 

Tiruchir
appalli 
D/s  

6.9 
*(Within 
limits)* 

1.82 
*(Within 
limits)* 

7.51 
*(Within 
limits)* 

542 
*(Exceeds 

by 42)* 

23 *(Exceeds by 
22)* 

Coleroon 
6.8 

*(Within 
limits)* 

2.4 
*(Within 
limits)* 

7.82 
*(Within 
limits)* 

10100 
*(Exceeds 
by 9600)* 

122 *(Exceeds by 
121)* 

Pichavar
am 

6.6 
*(Within 
limits)* 

2.4 
*(Within 
limits)* 

8.08 
*(Within 
limits)* 

9060 
*(Exceeds 
by 8560)* 

72 *(Exceeds by 
71)* 

Thirumu
kkudal 

6.4 
*(Within 
limits)* 

2.1 
*(Within 
limits)* 

7.98 
*(Within 
limits)* 

520 
*(Exceeds 

by 20)* 

24 *(Exceeds by 
23)* 

Kumara
palayam 

6.9 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

8.12 
*(Within 
limits)* 

328 
*(Within 
limits)* 

97 *(Exceeds by 
96)* 

Urachik
ottai 

7.1 
*(Within 
limits)* 

1.9 
*(Within 
limits)* 

8.17 
*(Within 
limits)* 

276 
*(Within 
limits)* 

92 *(Exceeds by 
91)* 
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Seerapal
ayam 

6.1 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

8.04 
*(Within 
limits)* 

336 
*(Within 
limits)* 

108 *(Exceeds by 
107)* 

Pugalur 
6.1 

*(Within 
limits)* 

2.7 
*(Within 
limits)* 

7.77 
*(Within 
limits)* 

724 
*(Exceeds 
by 224)* 

32 *(Exceeds by 
31)* 

Pettavait
halai 

7.0 
*(Within 
limits)* 

1.66 
*(Within 
limits)* 

8.12 
*(Within 
limits)* 

532 
*(Exceeds 

by 32)* 

47.2 *(Exceeds by 
46.2)* 

Kumbak
onam 

6.9 
*(Within 
limits)* 

1.76 
*(Within 
limits)* 

7.77 
*(Within 
limits)* 

466 
*(Within 
limits)* 

157.5 *(Exceeds 
by 156.5)* 

Mayilad
uthurai 
U/s  

4.0 *(Falls 
short by 

1.0)* 

6.0 
*(Exceeds 
by 3.0)* 

8.12 
*(Within 
limits)* 

303 
*(Within 
limits)* 

454.1 *(Exceeds 
by 453.1)* 

Avathipa
layam 

7.4 
*(Within 
limits)* 

2.4 
*(Within 
limits)* 

7.98 
*(Within 
limits)* 

352 
*(Within 
limits)* 

94 *(Exceeds by 
93)* 

Kooduth
urai 
(Bhavani 
D/s)  

6.3 
*(Within 
limits)* 

2.5 
*(Within 
limits)* 

8.19 
*(Within 
limits)* 

340 
*(Within 
limits)* 

57 *(Exceeds by 
56)* 

Kumara
palayam 
U/s  

7.6 
*(Within 
limits)* 

<2.0 
*(Within 
limits)* 

8.05 
*(Within 
limits)* 

340 
*(Within 
limits)* 

134 *(Exceeds by 
133)* 

Pallipala
yam D/s  

6.6 
*(Within 
limits)* 

2.1 
*(Within 
limits)* 

8.07 
*(Within 
limits)* 

768 
*(Exceeds 
by 268)* 

11 *(Exceeds by 
10)* 

Karur 
U/s  

6.4 
*(Within 
limits)* 

2.6 
*(Within 
limits)* 

7.62 
*(Within 
limits)* 

678 
*(Exceeds 
by 178)* 

61 *(Exceeds by 
60)* 

Mayilad
uthurai 
D/s  

4.0 *(Falls 
short by 

1.0)* 

8.0 
*(Exceeds 
by 5.0)* 

8.23 
*(Within 
limits)* 

328 
*(Within 
limits)* 

980.4 *(Exceeds 
by 979.4)* 
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(Note: The station at "KC Palayam (Erode U/s)" remains excluded from this list as it recorded 
"No Flow" during the month of December). 
 
Key observations: 
 

Å Universal Bacterial Contamination (Total Coliform): The most critical 
finding is that 100% of the active monitoring stations failed to meet the 
Total Coliform standard of < 1 MPN/100 ml. Every station showed 
bacterial presence, indicating widespread contamination along the entire river 
stretch. The levels ranged from 11 MPN/100 ml at Pallipalayam D/s  up to a 
massive 980.4 MPN/100 ml at Mayiladuthurai D/s. 

 

Å Localised Ecological Stress Hotspots: The stations at Mayiladuthurai 
(Upstream and Downstream) represent severe pollution hotspots for the 
month. They are the only stations to completely fail the fundamental 
ecological parameters, simultaneously recording deficient Dissolved Oxygen 
(4.0 mg/L) and highly elevated Biochemical Oxygen Demand (6.0 mg/L and 
8.0 mg/L, respectively). This combination points to a heavy localised influx 
of organic waste. 

 

Å Estuarine vs. Inland TDS Exceedances: 
 

Ǔ Coastal Salinity: The astronomical Total Dissolved Solids (TDS) 
readings at Coleroon (10,100 mg/L)  and Pichavaram (9,060 mg/L)  
are expected due to their geographical locations at the coastal/estuarine 
boundaries where the river mixes with seawater. 

 

Ǔ Inland Runoff: However, several strictly inland stations also 
significantly exceeded the 500 mg/L TDS limit. For example, 
Paramathy Velur recorded 1,104 mg/L  and Mohanur recorded 928 
mg/L . This indicates substantial inorganic pollution or agricultural 
runoff entering the middle stretches of the river. 

 

Å Stable pH  Levels: Despite the significant failures in bacterial counts and 
localised issues with oxygen and organic loads, the river maintained its 
chemical balance in terms of acidity/alkalinity. Every single station 
maintained a pH  level within  the acceptable 6.5 to 8.5 range. 
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Å Healthy Oxygen in Upper/Middle  Reaches: Outside of a slight dip at 
Vairampalayam and the significant failures at Mayiladuthurai, the vast majority 
of the river maintained healthy Dissolved Oxygen levels above 5.0 mg/L, 
suggesting that the river still retains a strong capacity to support aquatic life 
across most of its course. 

 
Coovum 
 
Coovum River Water Quality &  Deviations (December 2024) 

Statio
n 
Nam
e 

D.O 
(mg/L)*(S
tandard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Anna 
Naga
r 

1.5 *(Falls 
short by 

3.5)* 

10.0 
*(Exceeds 
by 7.0)* 

7.17 
*(Within 
limits)* 

632 
*(Exceeds 
by 132)* 

9313 *(Exceeds by 
9312)* 

Arum
bakka
m 

NIL  *(Falls 
short by 

5.0)* 

11.0 
*(Exceeds 
by 8.0)* 

7.23 
*(Within 
limits)* 

608 
*(Exceeds 
by 108)* 

9406 *(Exceeds by 
9405)* 

Aminj
ikarai 

2.4 *(Falls 
short by 

2.6)* 

6.0 
*(Exceeds 
by 3.0)* 

7.15 
*(Within 
limits)* 

612 
*(Exceeds 
by 112)* 

10208 *(Exceeds 
by 10207)* 

Poon
amall
e 

NIL  *(Falls 
short by 

5.0)* 

12.0 
*(Exceeds 
by 9.0)* 

7.08 
*(Within 
limits)* 

580 
*(Exceeds 
by 80)* 

10300 *(Exceeds 
by 10299)* 

Colle
ge 
Road 

2.5 *(Falls 
short by 

2.5)* 

6.0 
*(Exceeds 
by 3.0)* 

6.95 
*(Within 
limits)* 

512 
*(Exceeds 
by 12)* 

9693 *(Exceeds by 
9692)* 

Near 
Centr
al Jail 

NIL  *(Falls 
short by 

5.0)* 

15.0 
*(Exceeds 
by 12.0)* 

6.89 
*(Within 
limits)* 

596 
*(Exceeds 
by 96)* 

10085 *(Exceeds 
by 10084)* 

Napi
er 
Bridg
e 

NIL  *(Falls 
short by 

5.0)* 

18.0 
*(Exceeds 
by 15.0)* 

6.81 
*(Within 
limits)* 

680 
*(Exceeds 
by 180)* 

18890 *(Exceeds 
by 18889)* 
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Key Observations for the Coovum River 
 
The Coovum River exhibits signs of catastrophic ecological collapse across its entire 
urban stretch: 
 

Å Critical Anoxia (Zero Oxygen): The river completely fails to meet 
Dissolved Oxygen standards. Four out of the seven stations (Arumbakkam, 
Poonamalle, Near Central Jail, and Napier Bridge) recorded "NIL"  (absolutely 
zero measurable oxygen), while the highest recorded level at any station was 
merely 2.5 mg/L. The river is functionally "dead" and cannot sustain aquatic 
life. 

 

Å Astronomical Biological Constraints: Every single station dramatically 
failed the Biochemical Oxygen Demand (BOD) limits. While the maximum 
acceptable standard is 3.0 mg/L, the Coovum registered values ranged from 
6.0 mg/L up to 18.0 mg/L, pointing to a massive, continuous influx of raw 
organic waste or sewage. 

 

Å Severe Sewage Contamination: The Total Coliform counts are uniformly 
hazardous. Against the strict standard of < 1 MPN/100ml, contamination 
levels hover near 10,000 MPN/100ml for most of the river's stretch, surging 
to a massive 18,890 MPN/100ml at the river's mouth near Napier Bridge. 

 

Å Consistent TDS Exceedances: Every station exceeds the optimal 500 
mg/L limit for Total Dissolved Solids, remaining consistently high (between 
512 mg/L and 680 mg/L), which reflects the heavy concentration of 
dissolved urban pollutants and sludge. 
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Adyar 
 
Adyar River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Ekkat
uthang
al 

1.3 *(Falls 
short by 

3.7)* 

10.0 
*(Exceeds 
by 7.0)* 

7.06 
*(Within 
limits)* 

390 
*(Within 
limits)* 

6668 *(Exceeds by 
6667)* 

Jaferk
hanpet 

1.4 *(Falls 
short by 

3.6)* 

10.0 
*(Exceeds 
by 7.0)* 

7.52 
*(Within 
limits)* 

460 
*(Within 
limits)* 

8583 *(Exceeds by 
8582)* 

Marai
malai 
Bridge 

3.1 *(Falls 
short by 

1.9)* 

12.0 
*(Exceeds 
by 9.0)* 

6.67 
*(Within 
limits)* 

578 
*(Exceeds 
by 78)* 

1000 *(Exceeds by 
999)* 

Kottur
puram 
Bridge 

1.4 *(Falls 
short by 

3.6)* 

10.0 
*(Exceeds 
by 7.0)* 

6.96 
*(Within 
limits)* 

406 
*(Within 
limits)* 

8570 *(Exceeds by 
8569)* 

Boat 
Club 

2.1 *(Falls 
short by 

2.9)* 

6.0 
*(Exceeds 
by 3.0)* 

7.00 
*(Within 
limits)* 

392 
*(Within 
limits)* 

8845 *(Exceeds by 
8844)* 

 
Key Observations for the Adyar River 
 
The Adyar River displays widespread ecological stress and severe urban pollution, 
sharing many of the negative traits of the Coovum: 
 

Å Critical Oxygen Deficit:  Much like the Coovum, the Adyar River completely 
fails to meet minimum Dissolved Oxygen standards. Every single station is 
highly deficient, recording DO levels dangerously low between 1.3 mg/L to 
3.1 mg/L. Such low oxygen environments are incapable of properly sustaining 
healthy fish and aquatic ecosystems. 

 

Å High  Organic Loads (BOD):  The river universally fails the Biochemical 
Oxygen Demand standard (Ò3.0 mg/L) across all monitoring stations. Levels 
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peak at 12.0 mg/L at Maraimalai Bridge and remain consistently high (10.0 
mg/L) at most other stations, indicating a massive presence of decaying 
organic matter and raw sewage. 

 

Å Extreme Bacterial Contamination: Total Coliform counts show disastrous 
levels of fecal/sewage contamination. Every station dramatically violates the 
strict <1 MPN/100ml standard. Counts generally hover between 6,600 and 
8,845 MPN/100ml for the majority of the stretch, creating a massive public 
health hazard. 

 

Å TDS is Mostly Acceptable: In a slight contrast to the heavily burdened 
Coovum River, the Total Dissolved Solids (TDS) in the Adyar River were 
actually largely kept in check during December. Four out of the five stations 
maintained levels beneath the 500 mg/L threshold (ranging from 390 to 460 
mg/L), with only Maraimalai Bridge showing a minor exceedance (578 mg/L). 

 
Tamirabarani 
 
Tamirabarani River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)*
(Standar
d: Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH 
Level*(St
andard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*

(Standard: < 
1)* 

Papanasam 
6.8 

*(Within 
limits)* 

2.0 
*(Within 
limits)* 

6.52 
*(Within 
limits)* 

36 
*(Within 
limits)* 

29.6 *(Exceeds 
by 28.6)* 

Cheranmaha
devi 

6.5 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

6.93 
*(Within 
limits)* 

60 
*(Within 
limits)* 

43.3 *(Exceeds 
by 42.3)* 

Tirunelveli 
Collectorate 

6.7 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

7.30 
*(Within 
limits)* 

78 
*(Within 
limits)* 

62.9 *(Exceeds 
by 61.9)* 

Tirunelveli 
Collectorate 

7.03 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

7.33 
*(Within 
limits)* 

42 
*(Within 
limits)* 

23.0 *(Exceeds 
by 22.0)* 
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Thirupudaim
arudhur 

6.7 
*(Within 
limits)* 

3.0 
*(Within 
limits)* 

6.79 
*(Within 
limits)* 

52 
*(Within 
limits)* 

39.1 *(Exceeds 
by 38.1)* 

Ambasamudr
am 

6.6 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

6.59 
*(Within 
limits)* 

42 
*(Within 
limits)* 

31.3 *(Exceeds 
by 30.3)* 

Authoor 
5.9 

*(Within 
limits)* 

2.78 
*(Within 
limits)* 

7.60 
*(Within 
limits)* 

342 
*(Within 
limits)* 

24.0 *(Exceeds 
by 23.0)* 

Eral 
6.2 

*(Within 
limits)* 

2.6 
*(Within 
limits)* 

7.27 
*(Within 
limits)* 

284 
*(Within 
limits)* 

61.2 *(Exceeds 
by 60.2)* 

Kallidaikuric
hi 

6.5 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

6.78 
*(Within 
limits)* 

48 
*(Within 
limits)* 

39.3 *(Exceeds 
by 38.3)* 

Srivaikunda
m 

5.7 
*(Within 
limits)* 

2.2 
*(Within 
limits)* 

7.65 
*(Within 
limits)* 

176 
*(Within 
limits)* 

45.2 *(Exceeds 
by 44.2)* 

Vellakoil, 
Palayamkott
ai 

6.4 
*(Within 
limits)* 

3.0 
*(Within 
limits)* 

7.29 
*(Within 
limits)* 

112 
*(Within 
limits)* 

82.6 *(Exceeds 
by 81.6)* 

Seevalaperi 
6.2 

*(Within 
limits)* 

3.0 
*(Within 
limits)* 

7.30 
*(Within 
limits)* 

126 
*(Within 
limits)* 

73.3 *(Exceeds 
by 72.3)* 

Manimuthee
swaram*(Tiru
nelveli D/s)*  

6.6 
*(Within 
limits)* 

3.0 
*(Within 
limits)* 

7.60 
*(Within 
limits)* 

96 
*(Within 
limits)* 

53.0 *(Exceeds 
by 52.0)* 

 
Key Observations for the Tamirabarani River 
 
In stark contrast to the heavily polluted urban rivers like the Coovum and Adyar, 
the Tamirabarani River is comparatively healthy.  
 
Exceptional Core Ecological Health: Every single monitoring station on the 
Tamirabarani successfully met the standards for Dissolved Oxygen, Biochemical 
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Oxygen Demand (BOD), and pH levels. The river has strong, life-sustaining oxygen 
levels ranging from 5.7 mg/L up to 7.03 mg/L. 
 

Å Very Low Dissolved Solids (TDS): The Tamirabarani stands out for its 
exceptionally low TDS levels. While the acceptable limit is 500 mg/L, many 
stations recorded values well below 100 mg/L (such as 36 mg/L at Papanasam 
and 42 mg/L  at Ambasamudram), indicating very pure water with minimal 
inorganic pollution or agricultural runoff. 

 

Å Minor  Bacterial Contamination: Like the Cauvery, the Tamirabarani failed 
the strict Total Coliform standard (< 1 MPN/100ml) at every station. 
However, the scale of contamination is vastly different. While the Coovum 
and Adyar registered bacterial counts near 10,000 MPN/100ml, the 
Tamirabarani's counts are merely double digits across its entire stretch, 
peaking at just 82.6 MPN/100ml at Vellakoil. 

 
Bhavani 
 
Bhavani River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH 
Level*(Sta

ndard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Badraka
liamma
n Kovil 

6.6 
*(Within 
limits)* 

2.0 
*(Within 
limits)* 

7.64 
*(Within 
limits)* 

92 *(Within 
limits)* 

58 *(Exceeds by 
57)* 

Sirumug
ai 

6.9 
*(Within 
limits)* 

2.6 
*(Within 
limits)* 

7.41 
*(Within 
limits)* 

124 
*(Within 
limits)* 

68 *(Exceeds by 
67)* 

Bhavani 
(Station 
1205) 

6.7 
*(Within 
limits)* 

1.8 
*(Within 
limits)* 

6.43 *(Falls 
short by 
0.07)* 

148 
*(Within 
limits)* 

71 *(Exceeds by 
70)* 

Bhavani
sagar 
Dam 

7.4 
*(Within 
limits)* 

1.8 
*(Within 
limits)* 

7.90 
*(Within 
limits)* 

336 
*(Within 
limits)* 

33 *(Exceeds by 
32)* 
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R.N.Pu
dur 

5.0 
*(Within 
limits)* 

2.3 
*(Within 
limits)* 

7.89 
*(Within 
limits)* 

360 
*(Within 
limits)* 

81 *(Exceeds by 
80)* 

Sathya
mangala
m 
Temple 

6.2 
*(Within 
limits)* 

2.7 
*(Within 
limits)* 

7.77 
*(Within 
limits)* 

396 
*(Within 
limits)* 

183 *(Exceeds by 
182)* 

Kalingar
ayan 
Canal 
U/s  

5.6 
*(Within 
limits)* 

2.9 
*(Within 
limits)* 

8.05 
*(Within 
limits)* 

340 
*(Within 
limits)* 

71 *(Exceeds by 
70)* 

 
(Note: The downstream station for the Kalingarayan Canal [Station 3021] recorded "No 
Flow" during December 2024 and is excluded from this list.) 
 
Key Observations for the Bhavani River 
 
Similar to the Tamirabarani River, the Bhavani River demonstrates a highly robust 
and healthy ecological profile, especially when contrasted with heavily polluted 
urban rivers. Key takeaways from the December 2024 data include: 
 

Å Universal, Yet Mild,  Bacterial Contamination: While every station failed 
the ultra-strict Total Coliform standard of < 1 MPN/100ml, the actual 
contamination levels are extremely low for an open river system. The bacterial 
counts strictly stayed in the double or low triple digits (peaking at 183 
MPN/100ml at Sathyamangalam Temple), which is a fraction of the 10,000+ 
levels seen in urban rivers like the Coovum and Adyar. 
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Amaravathy 
 
Amaravathi River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)
*(Stand

ard: 
Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH  
Level*(St
andard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*

(Standard: < 
1)* 

Madathukul
am 

6.4 
*(Within 
limits)* 

2.3 
*(Within 
limits)* 

7.14 
*(Within 
limits)* 

1824 
*(Exceeds 
by 1324)* 

2400 *(Exceeds 
by 2399)* 

Sellandipala
yam 

5.9 
*(Within 
limits)* 

2.9 
*(Within 
limits)* 

8.03 
*(Within 
limits)* 

1364 
*(Exceeds 
by 864)* 

73 *(Exceeds by 
72)* 

Vangal 
Road, 
Narikuravar 
Colony 

6.2 
*(Within 
limits)* 

2.3 
*(Within 
limits)* 

7.47 
*(Within 
limits)* 

824 
*(Exceeds 
by 324)* 

86 *(Exceeds by 
85)* 

 
Key Observations for the Amaravathi River 
 

Å Massive Inorganic Pollution (TDS): The most critical issue plaguing the 
Amaravathi River is the extreme concentration of Total Dissolved Solids. 
Every single station dramatically failed this standard. Even the lowest 
recorded level at Vangal Road (824 mg/L) is well over the 500 mg/L limit, 
while the upstream station at Madathukulam recorded a staggering 1,824 
mg/L. This points to heavy agricultural runoff, industrial effluents, or high 
dissolved salt content entering the water. 

 

Å Upstream Bacterial Contamination Spike: Like all other rivers analyzed, 
the Amaravathi failed the ultra-strict Total Coliform standard of < 1 
MPN/100ml. However, there is a notable anomaly at the Madathukulam 
station, which suffered a massive contamination spike of 2,400 MPN/100ml. 
Interestingly, the bacterial count drops significantly further downstream, 
registering at just 73 and 86 MPN/100ml at Sellandipalayam and Vangal 
Road, respectively. 
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Palar 
 
Palar River Water Quality &  Deviations (December 2024) 

Stati
on 
Nam
e 

D.O 
(mg/L)*(S
tandard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(S

tandard: < 1)* 

Vani
yamb
adi 

6.1 
*(Within 
limits)* 

2.0 *(Within 
limits)* 

7.84 
*(Within 
limits)* 

612 
*(Exceeds 
by 112)* 

435 *(Exceeds by 
434)* 

 
Key Observations for the Palar River 
 

Å Severe Flow Issues: The most defining characteristic of the Palar River in 
this dataset is its lack of consistent water flow. The monitoring station at 
Vaniyambadi recorded an absolute "No  Flow"  status for ten consecutive 
months (from January straight through October 2024). Water quality data 
was only measurable during November and December. 

 

Å Moderate Inorganic Pollution: The river failed the standard for Total 
Dissolved Solids, recording 612 mg/L against the 500 mg/L maximum 
threshold. This moderate exceedance suggests the presence of dissolved salts, 
agricultural runoff, or industrial effluents washing into the riverbed. 

 

Å Bacterial Contamination: Like every other river in the state, the Palar failed 
the ultra-strict Total Coliform standard. The December count of 435 
MPN/100ml indicates a moderate presence of bacterial contamination, 
though it is far lower than the massive surges seen in the Coovum or Adyar 
rivers. 
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Thirumanimutharu 
 
Thirumanimutharu River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta

ndard: 
6.5-8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Uthama
solapur
am 

NIL  *(Falls 
short by 

5.0)* 

4.2 
*(Exceeds 
by 1.2)* 

7.56 
*(Within 
limits)* 

732 
*(Exceeds 
by 232)* 

1986 *(Exceeds 
by 1985)* 

 
Key Observations for the Thirumanimutharu River 
 

Å Critical Anoxia (Zero Oxygen): The most alarming takeaway is that the 
river completely lacks Dissolved Oxygen. The "NIL"  reading indicates an 
absolute absence of measurable oxygen, meaning the river is functionally 
"dead" and utterly incapable of sustaining fish or a healthy aquatic ecosystem. 

 

Å Persistent Organic Pollution: The river fails the Biochemical Oxygen 
Demand standard, recording 4.2 mg/L against the Ò3.0 mg/L maximum. 
(Note: While still a failure, this is actually a massive drop from the extremely toxic 40.0 
mg/L and 120.0 mg/L BOD levels the river experienced earlier in the year between 
January and February). 

 

Å High  Inorganic Dissolved Loads: The Total Dissolved Solids (TDS) stand 
at 732 mg/L, comfortably exceeding the 500 mg/L limit. This points to a 
steady influx of inorganic pollutants, industrial effluents, or heavily saturated 
runoff. 

 

Å Heavy Bacterial Contamination: Like all other rivers analysed, it 
catastrophically fails the strict < 1 MPN/100ml Total Coliform standard. The 
reading of 1,986 MPN/100ml shows heavy localised sewage and faecal 
contamination, posing a significant public health hazard. 
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Vasishta 
 
Vasista River Water Quality &  Deviations (December 2024) 

Stati
on 
Nam
e 

D.O 
(mg/L)*(S
tandard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml) *(S

tandard: < 1)* 

Thul
ukan
ur 

6.5 
*(Within 
limits)* 

2.4 *(Within 
limits)* 

7.92 
*(Within 
limits)* 

388 
*(Within 
limits)* 

1300 *(Exceeds by 
1299)* 

 
Key Observations for the Vasista River 
 

Å Persistent Bacterial Contamination: Despite the massive improvements 
in oxygen and chemical makeup, the river still failed the ultra-strict Total 
Coliform standard (< 1 MPN/100ml), recording 1,300 MPN/100ml. 
However, it is worth noting that this is still a monumental improvement 
over the astonishing 17,000 MPN/100ml Total Coliform count the river 
experienced back in January. 
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Sarabanga 
 
The Sarabanga River experienced a severe lack of water for almost the entire year 
of 2024. According to the recorded data, the monitoring station recorded a "No  
Flow"  status for eleven consecutive months, stretching from February through 
December 2024. 
 
Therefore, the table below reflects the data from January 2024, which was the only 
month the river had measurable flowing water. 

Station 
Name 

D.O 
(mg/
L)*(St
andar

d: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(Sta
ndard: Ò500)* 

Total Coliform 
(MPN/100ml)*

(Standard: < 
1)* 

Edapadi 

NIL  
*(Falls 
short 
by 

5.0)* 

80.0 
*(Exceeds 
by 77.0)* 

7.90 
*(Within 
limits)* 

1296 
*(Exceeds by 

796)* 

330 *(Exceeds 
by 329)* 

 
Key Observations for the Sarabanga River 
 

Å Chronic Lack of Flow: As mentioned, the river was effectively dry or entirely 
stagnant from February through December. This severe lack of continuous 
flow drastically diminishes the river's ability to dilute pollutants or self-purify, 
directly contributing to the disastrous water quality seen when water is actually 
present. 

 

Å Total Oxygen Depletion: During its only active month, the river recorded 
"NIL"  Dissolved Oxygen. This absolute absence of oxygen means the water 
is entirely anoxic and biologically "dead," incapable of supporting fish or 
normal aquatic ecology. 

 

Å Massive Organic Overload: The Biochemical Oxygen Demand (BOD) 
level is catastrophic. While the maximum acceptable limit is 3.0 mg/L, the 
Sarabanga recorded a staggering 80.0 mg/L. This indicates a massive, 
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concentrated influx of raw sewage, industrial effluent, or decaying organic 
matter. 

 

Å Extreme Dissolved Pollutants: The Total Dissolved Solids (TDS) were 
recorded at 1,296 mg/L, more than double the acceptable 500 mg/L 
threshold. Because the river rarely flows, these inorganic salts and pollutants 
likely accumulate heavily in the riverbed. 

 

Å Bacterial Contamination: The river failed the Total Coliform standard, 
registering 330 MPN/100ml. While this is a failure against the < 1 
MPN/100ml standard, it is actually lower than the bacterial surges seen in 
major urban rivers like the Coovum or Adyar, suggesting the Sarabanga's 
primary issue is concentrated chemical/organic sludge rather than sheer 
volumes of fresh faecal waste. 
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Vennar 
 
The Vennar River experienced a prolonged dry spell for the vast majority of the 
year. According to the recorded data, both monitoring stations on the river recorded 
an absolute "No  Flow"  status for nine consecutive months, from January 
through September 2024. Water quality could only be measured during the final 
quarter of the year (October to December). 
 
Vennar River Water Quality &  Deviations (December 2024) 

Statio
n 
Nam
e 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

pH  
Level*(Sta
ndard: 6.5-

8.5)* 

TDS 
(mg/L)*(S
tandard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(S

tandard: < 1)* 

Than
javur 
U/s  

7.6 
*(Within 
limits)* 

1.42 
*(Within 
limits)* 

7.85 
*(Within 
limits)* 

292 
*(Within 
limits)* 

49 *(Exceeds by 
48)* 

Than
javur 
D/s  

7.0 
*(Within 
limits)* 

1.54 
*(Within 
limits)* 

7.94 
*(Within 
limits)* 

318 
*(Within 
limits)* 

17 *(Exceeds by 
16)* 

 
Key Observations for the Vennar River 
 

Å Severe Flow Limitations:  The most defining ecological factor for the 
Vennar River is its lack of consistent year-round flow. Being completely dry 
for three-quarters of the year means it cannot sustain a permanent aquatic 
ecosystem, functioning more as a seasonal runoff channel or monsoon-fed 
stream during 2024. 

 

Å Minor  Bacterial Contamination: Like all rivers in the state, the Vennar 
failed the ultra-strict Total Coliform standard of < 1 MPN/100ml. However, 
its bacterial counts are exceptionally low (17 to 49 MPN/100ml) compared to 
other rivers, showing only very mild contamination rather than the heavy raw 
sewage loads seen in heavily urbanised waterways. 
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Vagai 
 
Vaigai River Water Quality &  Deviations (December 2024) 

Station 
Name 

D.O 
(mg/L)*(
Standard: 
Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH  
Level*(St
andard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Sholavan
dhan, 
Madurai 
U/s  

7.1 
*(Within 
limits)* 

<2.0 
*(Within 
limits)* 

7.91 
*(Within 
limits)* 

197 
*(Within 
limits)* 

48 *(Exceeds by 
47)* 

Chakkud
i, 
Madurai 
D/s  

5.4 
*(Within 
limits)* 

2.1 
*(Within 
limits)* 

6.56 
*(Within 
limits)* 

223 
*(Within 
limits)* 

49 *(Exceeds by 
48)* 

 
Key Observations for the Vaigai River 
 

Å Minor  Bacterial Contamination: As is universally seen across the state's 
rivers in this dataset, the Vaigai failed the ultra-strict Total Coliform standard 
of < 1 MPN/100ml. However, its bacterial counts were remarkably low (48 
and 49 MPN/100ml) compared to heavily urbanized waterways. This suggests 
very mild contamination rather than the influx of raw sewage seen in rivers 
like the Coovum or Adyar. 
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Noyyal 
 
Below is the consolidated water quality dataset for River Noyyal across its key 
monitoring locations: 
 
River Noyyal Water Quality Monitoring  Data (2010ð2020 Averages) 
 

Parameter Standard Limit  
Monitorin
g Station 

Monsoo
n 

Average 

Non-
Monsoo

n 
Average 

Status /  
Compliance 

pH  
6.5 ð 8.5 

*(CPCB Class B 
& BIS)* 

Elunuthim
angalam 
(Erode) 

8.56 8.60 
Exceeds limit  
(Alkaline Hot-

Spot) 

Electrical 
Conductivity 
(EC) 

Ò 2250 µS/cm 
*(CPCB Class E 

Limit)* 

Elunuthim
angalam 
(Erode) 

3,265.04 
µS/cm 

2,840.90 
µS/cm 

Exceeds limit  
(Severe Salinity) 

Biochemical 
Oxygen 
Demand 
(BOD)  

Ò 3.0 mg/L  
*(Bathing 
Standard)* 

Elunuthim
angalam 
(Erode) 

9.36 
mg/L  

6.29 
mg/L  

Exceeds limit  
(Heavy Organic 

Load) 

Total 
Coliforms 
(TC) 

Ò 500 
MPN/100ml  

*(Bathing 
Standard)* 

Alandurai 
(Coimbatore) 

46,425 
MPN/1

00ml 

94,750 
MPN/10

0ml 

Exceeds limit  
(Massive 

Contamination) 

Total 
Coliforms 
(TC) 

Ò 500 
MPN/100ml  

*(Bathing 
Standard)* 

Elunuthim
angalam 
(Erode) 

206,200 
MPN/1

00ml 

137,565 
MPN/10

0ml 

Exceeds limit  
(Extreme Sewage 

Load) 

Fluoride, 
Sulphate &  
Boron 

Safe Limits  
(BIS /  CPCB) 

All Stations 
Within 
Limits 

Within 
Limits 

Compliant 

 
Key Parameter-Wise Observations for River Noyyal 
 

Å Excessive Alkalinity (pH  Breach): At the Elunuthimangalam station in 
Erode, the average pH value reaches 8.56 in the monsoon and 8.60 in the 
non-monsoon season, breaching the permissible 6.5ð8.5 range. 54% of all 
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tested water samples at this site were recorded as hot-spot violations, 
making Noyyal one of only two river sites nationwide to exceed the 8.5 pH 
threshold during non-monsoon periods. 
 

Å Severe Salt &  Chemical Concentration (High  Electrical Conductivity): 
The river displays exceptionally high dissolved mineral concentrations. At 
Elunuthimangalam, the average Electrical Conductivity reached 3,265.04 
µS/cm during monsoon and 2,840.90 µS/cm during non-monsoon. Both 
values comfortably exceed CPCB's Class E agricultural upper threshold of 
2,250 µS/cm as well as BIS's desirable drinking limit of ~750 µS/cm. 
 

Å Elevated Organic Pollution (BOD):  Biochemical Oxygen Demand (BOD) 
at Elunuthimangalam averaged 9.36 mg/L  during the monsoon and 6.29 
mg/L  during the non-monsoon, more than 2 to 3 times the safe outdoor 
bathing limit  of 3.0 mg/L . This confirms significant inputs of 
biodegradable organic material and domestic/industrial effluents into the 
stream. 
 

Å Catastrophic Bacterial Contamination (Total Coliforms): Pathogenic 
indicator levels are critically high along the river: 

 

Å At Alandurai (Coimbatore), Total Coliform levels reach 46,425 
MPN/100ml  in monsoon and surge to 94,750 MPN/100ml  in non-
monsoon. 

Å Downstream at Elunuthimangalam (Erode), coliform counts escalate to 
206,200 MPN/100ml  in monsoon and 137,565 MPN/100ml  in non-
monsoon. These values exceed the 500 MPN/100ml outdoor bathing 
threshold by up to 400 times. 

 

Å Compliant Chemical Parameters: Parameters such as Fluoride, Sulphate, 
Boron, and the Sodium Adsorption Ratio (SAR) were all found to be 
within their respective CPCB and BIS permissible limits throughout both 
seasons. 

 
Decadal Comparison (2011 vs. 2021 CWC Reports) 
 
Comparing the CWC 2011 Hot-Spots report with the 2021 dataset shows a mixed 
trend for River Noyyal at Elunuthimangalam: 
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1. Electrical Conductivity (EC) ñ Improved but Still Hot -Spot: In 2011, 
Elunuthimangalam recorded EC levels of 5,910 µS/cm (monsoon) and 4,602 
µS/cm (non-monsoon). By 2021, these dropped to 3,265 µS/cm  and 2,841 
µS/cm  respectively. While this represents a notable reduction in salt 
concentration, the site remains categorized as an active hot-spot. 
 

2. Biochemical Oxygen Demand (BOD)  ñ Significant Deterioration: In the 
2011 assessment, non-monsoon BOD at Elunuthimangalam was 3.1 mg/L . In 
the 2021 report, BOD surged to 9.36 mg/L  (monsoon) and 6.29 mg/L  (non-
monsoon), causing the location to emerge as a newly designated BOD hot-
spot. 

 
Real-Time Water Quality Report: River Noyyal (TNPCB Data) 
 
A real-time assessment of Tamil Nadu Pollution Control Board monitoring stations 
along the River Noyyal reveals severe ecological stress throughout the river stretch. 
All three active stationsñMangalam Village Reach (Upstream), Kasipalayam 
Bridge, and Orathapalayam Dam (Downstream)ñdemonstrate critical 
depletion of Dissolved Oxygen (DO), high Biochemical Oxygen Demand (BOD), 
elevated Chemical Oxygen Demand (COD), and high electrical conductivity. 
 
Consolidated Real-Time Monitoring  Data 
 
The table below summarises the key water quality parameters alongside standard 
regulatory benchmarks prescribed by the Central Pollution Control Board (CPCB) 
for Class B outdoor bathing and Class E irrigation uses: 
 

Parameter 
Standard /  
Benchmark 
Limit  

Noyyal ð 
Mangalam 
Upstream 
(19:00 hrs) 

Noyyal ð 
Kasipalaya
m Bridge 
(19:00 hrs) 

Noyyal ð 
Orathapalaya
m 
Downstream 
(19:00 hrs) 

Status /  
Complia
nce 

pH  
6.5 ð 8.5 
(CPCB Class 
B) 

6.77 (Within 
limit) 

8.67 (Slight 
Exceedance) 

6.82 (Within 
limit) 

Non-
complian
t at 
Kasipalay
am 
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Dissolved 
Oxygen 
(DO)  

Ó 5.0 mg/L  
(CPCB Class 
B) 

1.79 mg/L  
(Critical) 

3.27 mg/L  
(Depleted) 

1.69 mg/L  
(Severe Deficit) 

Fails 
universall
y across 
all sites 

Biochemic
al Oxygen 
Demand 
(BOD)  

Ò 3.0 mg/L  
(CPCB Class 
B) 

7.50 mg/L  6.10 mg/L  7.55 mg/L  

Fails 
universall
y (2x ð 
2.5x 
limit)  

Chemical 
Oxygen 
Demand 
(COD) 

Indicator of 
non-
biodegradable 
load 

17.40 mg/L 25.00 mg/L 58.84 mg/L  
Massive 
Downstre
am Surge 

Total 
Dissolved 
Solids 
(TDS) 

< 500 
mg/L  (Ideal) 
/  < 2000 
mg/L  
(Max) 

1,232.70 
mg/L 

1,402.90 
mg/L 

1,447.46 mg/L 
Elevated 
across 
stretch 

Electrical 
Conductivi
ty (EC) 

Ò 2,250 
µS/cm 
(CPCB Class 
E) 

2,054.00 
µS/cm 

Not reported 2,412.44 µS/cm 
Exceeds 
Class E 
at Dam 

Total 
Suspended 
Solids 
(TSS) 

Particulate 
Matter Load 

5.60 mg/L 7.20 mg/L 64.72 mg/L  

11x Surge 
at 
Downstre
am Dam 

Turbidity  
1 ð 5 NTU  
(BIS 
Ideal/Max) 

4.26 NTU 3.46 NTU 44.13 NTU  

Severe 
Turbidity  
Downstre
am 

 
Key Parameter-Wise Analysis 
 

Å Severe Oxygen Depletion (DO Anoxia Risk): 
 

Ǔ None of the three monitoring locations achieve the minimum 5.0 
mg/L  Dissolved Oxygen required to sustain healthy aquatic 
ecosystems and permit outdoor bathing. 
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Ǔ The upstream reach at Mangalam Village (1.79 mg/L)  and the 
downstream reach at Orathapalayam Dam (1.69 mg/L)  suffer from 
severe oxygen deficiency, falling dangerously close to fully anoxic 
conditions. 

 

Å Persistent Organic &  Industrial  Load (BOD &  COD): 

Ǔ BOD Exceedances: All stations breach the permissible 3.0 mg/L  
limit , recording values between 6.10 mg/L  and 7.55 mg/L . This 
reflects a continuous influx of biodegradable organic waste and 
inadequately treated municipal/industrial effluents entering the stream. 

Ǔ COD Surge: Chemical Oxygen Demand increases progressively down 
the river gradientñrising from 17.40 mg/L upstream to 58.84 mg/L  
at Orathapalayam Dam. This significant jump points to a heavy 
accumulation of non-biodegradable chemical constituents as the river 
flows through industrial clusters. 

 

Å High  Salinity &  Dissolved Solids (EC &  TDS): 

Ǔ Total Dissolved Solids remain elevated along the entire monitored 
length (1,232.70 mg/L to 1,447.46 mg/L), exceeding the ideal drinking 
baseline of 500 mg/L. 

Ǔ Electrical Conductivity at Orathapalayam Downstream reaches 

2,412.44 µS/cm , breaching CPCBôs 2,250 µS/cm Class E upper limit  
for agricultural irrigation  and far exceeding the ideal freshwater 
threshold of ~750 µS/cm. 

 

Å Sediment &  Particulate Accumulation (TSS &  Turbidity):  
 

Ǔ While upstream stations display low suspended solids (5.60ð7.20 mg/L) 
and clear water (3.46ð4.26 NTU), the Orathapalayam Reservoir acts 
as a major settling basin. 

Ǔ Downstream of the dam, TSS surges to 64.72 mg/L  and Turbidity  
reaches 44.13 NTU , indicating heavy siltation, suspended sludge, or 
turbulence from reservoir discharges. 

 

Å pH Balance: 
 

Ǔ Mangalam (6.77) and Orathapalayam (6.82) remain safely within the 
neutral 6.5ð8.5 range. 
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Ǔ Kasipalayam Bridge (8.67) shows a slight alkaline shift above the 8.5 
upper bound, indicating localized alkaline effluent inputs or biological 
activity in that reach. 

 
Alignment with Historical  CWC Findings 
 
These real-time observations closely mirror historical decadal trends documented in 
Central Water Commission (CWC) national water quality reports: 
 

Å CWC historical data identified River Noyyal (particularly at 
Elunuthimangalam in Erode) as a chronic national hot-spot for elevated 
pH  (> 8.5), high electrical conductivity (> 2,250 µS/cm) , and elevated 
BOD (> 3.0 mg/L) . 
 

Å The real-time readings confirm that despite regulatory interventions, the river 
continues to suffer from systemic organic overload, insufficient re-aeration, 
and high mineral salinity across the TiruppurðErode corridor. 

 
Reference: 
 
https://gyanganga.ai/admin//fileupload//Report%20on%20Water%20Quality%20Hot-
Spots%20in%20Rivers%20of%20India,%202021.pdf  

 
https://tnpcb.gov.in/rtwqmstnpcb/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://gyanganga.ai/admin/fileupload/Report%20on%20Water%20Quality%20Hot-Spots%20in%20Rivers%20of%20India,%202021.pdf
https://gyanganga.ai/admin/fileupload/Report%20on%20Water%20Quality%20Hot-Spots%20in%20Rivers%20of%20India,%202021.pdf
https://tnpcb.gov.in/rtwqmstnpcb/
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Major Lakes of Tamil  Nadu 
 
Lake Water Quality &  Deviations (December 2024) 

Name of 
Lake 

D.O 
(mg/L)*
(Standar
d: Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

pH  
Level*(Sta

ndard: 
6.5-8.5)* 

TDS 
(mg/L)*(
Standard: 
Ò500)* 

Total Coliform 
(MPN/100ml)*(
Standard: < 1)* 

Kodaikan
al 

6.2 
*(Within 
limits)* 

2.4 
*(Within 
limits)* 

6.74 
*(Within 
limits)* 

74 *(Within 
limits)* 

308 *(Exceeds by 
307)* 

Udhaga
mandala
m (Ooty) 

4.5 *(Falls 
short by 

0.5)* 

2.8 
*(Within 
limits)* 

7.60 
*(Within 
limits)* 

240 
*(Within 
limits)* 

76 *(Exceeds by 
75)* 

Yercaud 
6.8 

*(Within 
limits)* 

<2.0 
*(Within 
limits)* 

6.85 
*(Within 
limits)* 

164 
*(Within 
limits)* 

82 *(Exceeds by 
81)* 

Veerana
m 

6.8 
*(Within 
limits)* 

3.0 
*(Within 
limits)* 

8.02 
*(Within 
limits)* 

1120 
*(Exceeds 
by 620)* 

64 *(Exceeds by 
63)* 

Poondi 
5.5 

*(Within 
limits)* 

2.0 
*(Within 
limits)* 

7.97 
*(Within 
limits)* 

248 
*(Within 
limits)* 

2420 *(Exceeds 
by 2419)* 

Redhills 
5.8 

*(Within 
limits)* 

6.4 
*(Exceeds 
by 3.4)* 

7.83 
*(Within 
limits)* 

262 
*(Within 
limits)* 

2420 *(Exceeds 
by 2419)* 

Porur 
6.0 

*(Within 
limits)* 

3.0 
*(Within 
limits)* 

8.11 
*(Within 
limits)* 

416 
*(Within 
limits)* 

1203 *(Exceeds 
by 1202)* 

Pulicat 
5.9 

*(Within 
limits)* 

3.0 
*(Within 
limits)* 

7.64 
*(Within 
limits)* 

1672 
*(Exceeds 
by 1172)* 

2420 *(Exceeds 
by 2419)* 
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Key Observations  
 

Å Universal Bacterial Presence: Just like the state's river systems, every single 
lake failed the strict Total Coliform standard (< 1 MPN/100ml). However, 
the severity varies massively based on location. The high-altitude hill station 
lakes (Ooty, Yercaud, Kodaikanal) and the rural Veeranam lake recorded 
relatively low contamination (64 to 308 MPN/100ml). In stark contrast, the 
lakes situated closer to the Chennai metropolitan zone (Poondi, Redhills, 
Porur, and Pulicat) had bacterial counts in the thousands per 100ml, indicating 
much higher levels of sewage and urban runoff mixing into the water. 

 

Å A Single Anoxic Lake (Ooty): Almost all lakes maintained healthy, life-
sustaining Dissolved Oxygen levels above 5.0 mg/L. The notable exception 
is the Udhagamandalam (Ooty) Lake, which fell short at 4.5 mg/L. This 
indicates ecological stress, likely from heavy tourism and localised commercial 
activity depleting the water's oxygen reserves. 

 

Å High  Organic Load in Redhills: While seven out of the eight lakes 
managed to keep their Biochemical Oxygen Demand (BOD) at or below the 
3.0 mg/L threshold, Redhills Lake recorded an unhealthy spike of 6.4 mg/L. 
This suggests a sudden influx of decaying organic matter or localised sewage 
during December. 

 

Å High  Dissolved Solids in Coastal/Lowland Lakes: While hill station lakes 
feature exceptionally pure water with low Total Dissolved Solids 
(Kodaikanal's is a remarkably pure 74 mg/L), certain lowland water bodies 
struggled heavily. Veeranam Lake (1120 mg/L) and Pulicat Lake (1672 
mg/L) vastly exceeded the 500 mg/L standard. Pulicat's high TDS is naturally 
explained by its status as a brackish water lagoon mixing with coastal seawater, 
while Veeranam's exceedance likely points to accumulated agricultural salts 
and silt from its massive catchment area. 

 
Comparing River Quality  
 
Water Quality of Rivers in Tamil  Nadu (2024) 
Based on the data from CPCB on Quality of Rivers 2024, Tamil Nadu's rivers 
exhibit a sharp contrast between highly polluted urban/industrial waterways and 
relatively cleaner inland segments. Standard acceptable limits are Dissolved 
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Oxygen (DO) Ó 5.0 mg/L , BOD Ò 3.0 mg/L , and Total Coliform < 500 
MPN/100ml . 
 
Below is a consolidated table showing the minimum and maximum ranges for the 
major rivers monitored in the state: 
 

River 
Name 

Key 
Monitoring  
Locations 

Dissolved 
Oxygen 
(mg/L)  

BOD (mg/L)  

Total 
Coliform 

(MPN/100m
l) 

Adyar 
Ekkattuthangal, 
Jaferkhanpet, 
Kotturpuram 

0.3 - 5.8 
*(Critically 

Low)* 

4.0 - 52.0 
*(Massive 

Exceedance)* 
548 - 8845 

Coovum 
Anna Nagar, 

Arumbakkam, 
Napier Bridge 

0.3 - 26.0 
*(Mostly 
Anoxic)* 

5.4 - 54.0 
*(Massive 

Exceedance)* 
1400 - 18890 

Thirumani
muthar 

Salem (D/S of 
Sago & Textile 

Dyeing) 

0.3 - 5.8 
*(Critically 

Low)* 

4.2 - 120.0 
*(Massive 

Exceedance)* 
470 - 17000 

Vasista 
Thulukannur at 
Salem (D/S of 

Sago Ind.) 

0.3 - 6.5 
*(Critically 

Low)* 

2.4 - 160.0 
*(Massive 

Exceedance)* 
1300 - 17000 

Sarabanga 
Edapadi at 

Salem (D/S of 
Textile Dyeing) 

0.3 - 5.2 
*(Critically 

Low)* 

6.3 - 80.0 
*(Massive 

Exceedance)* 
330 - 1986 

Cauvery 
Mettur, Trichy, 
Mayiladuthurai, 

Erode 

4.0 - 8.1 
*(Healthy to 
Stressed)* 

1.0 - 10.0 
*(Varies by 
station)* 

2 - 3100 

Bhavani 
Sirumugai, 

Bhavani Sagar 

4.5 - 7.5 
*(Mostly 
Healthy)* 

1.7 - 2.9 
*(Within 
Limits)* 

17 - 261 

Vennar 
Thanjavur (U/S 

and D/S) 
6.8 - 8.8 

*(Healthy)* 

1.0 - 2.3 
*(Within 
Limits)* 

11 - 112 
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Vaigai 
Madurai (U/S 

and D/S) 
4.0 - 7.1 

*(Moderate)* 

1.0 - 7.0 
*(Moderate 

Exceedance)* 
17 - 63 

 
Gujarat serves as an excellent comparative peer to Tamil Nadu. Both states have 
massive populations and are among the most heavily industrialised and urbanised 
hubs in India. Yet, despite sharing similar pressures of industrial and urban growth, 
Gujarat maintains significantly better water quality across its major river 
systems compared to Tamil Nadu. 
 
Here is a detailed comparison of their river quality based on the 2024 data: 
 
The State of Tamil  Nadu's Rivers (Widespread Degradation) 
 
As established in our conversation history and the latest data, Tamil Nadu's rivers 
suffer from catastrophic ecological collapse, primarily driven by unchecked urban 
sewage and industrial effluent. 
 

Å Dead Urban Rivers: Flowing through Chennai, the Adyar and Coovum 
rivers are functionally open sewers. The Adyar records near-anoxic Dissolved 
Oxygen (DO) levels of 0.3 mg/L and massive Biochemical Oxygen Demand 
(BOD) spikes up to 52.0 mg/L. The Coovum is similarly dead, with DO at 
0.3 mg/L and BOD reaching 54.0 mg/L. 

 

Å Toxic Industrial  Inland Rivers: It  is not just urban centres; inland rivers 
receiving textile and sago industry effluents are completely toxic. The 
Thirumanimuthar  hits an astronomical BOD of 120.0 mg/L, while the 
Vasista reaches 160.0 mg/L. 

 

Å Stress on the Major Artery (Cauvery): Even the state's primary river, the 
Cauvery, shows signs of severe localised stress, with DO dropping to 4.0 
mg/L and BOD spiking to 10.0 mg/L at Mayiladuthurai. 
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The State of Gujarat's Rivers (Largely H ealthy Major Arteries) 
 
Despite its heavy industrial zones and large population, Gujarat has managed to 
keep its major flowing rivers remarkably clean, with strong oxygen levels and tightly 
controlled organic waste. 
 

Å The Narmada River (Pristine Health): As it flows through Gujarat into 
the sea, the Narmada maintains exceptional water quality. Stations at 
Garudeshwar, Panetha, and Bharuch record highly oxygenated waters with 
DO ranging between 6.6 and 8.6 mg/L . The organic pollution is virtually 
non-existent, with BOD perfectly stable at an optimal 1.0 to 1.1 mg/L . 

 

Å The Tapi River: Similar to the Narmada, the Tapi River successfully sustains 
aquatic life. At stations like Kathore, Mandavi, and Surat, the DO remains 
healthy between 6.2 and 8.1 mg/L , while the BOD is kept well within the 
safe Ò3.0 mg/L limit, ranging from 1.0 to 2.8 mg/L. 

 

Å The Mahi River: The Mahi River also displays robust health. Monitoring 
points at Sevalia, Vasad, and the Kadana Dam show pristine BOD levels 
locked at 1.0 mg/L , with DO levels flourishing between 7.0 and 8.4 mg/L. 

 
The Urban Exception in Gujarat: The Sabarmati 
 
It  is important to note that Gujarat is not entirely flawless. While its major statewide 
rivers (Narmada, Tapi, Mahi) are vastly superior to Tamil Nadu's equivalents, it 
struggles with one specific urban waterway, much like Chennai does. 
 
The Sabarmati River is clean at its upstream origins (recording 7.1 mg/L DO and 
1.0 mg/L BOD at Dharoi Dam). However, as it passes through the dense 
metropolis of Ahmedabad, it succumbs to severe urban pollution. At the V.N. 
Bridge in Ahmedabad, the river drops to 0.3 mg/L DO and records a hazardous 
BOD of 82.0 mg/L. 
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Ground Water 
 
Groundwater quality parameters and their deviations for monitoring stations across 
Tamil  Nadu based on the 2024 National Water Monitoring Programme (NWMP) 
data. 
 
To capture the worst-case scenario for the monitoring period, the maximum 
recorded values for each station are presented below. The acceptable standards 
applied (derived from the BIS IS 10500:2012 Drinking Water Specifications and our 
previous surface water baselines) are: pH  (6.5-8.5), BOD  (Ò 3.0 mg/L), Total 
Dissolved Solids (TDS) (< 2000 mg/L), Fluoride (< 1.5 mg/L), and Total 
Coliform (< 1 MPN/100ml). 
 
Tamil  Nadu Groundwater Quality &  Deviations (2024) 

Station 
Location /  
District 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

Total Coliform 
(MPN/100ml)*(S

tandard: < 1)* 

TDS 
(mg/L)*(St
andard: < 

2000)* 

Fluoride 
(mg/L)*(Sta

ndard: < 
1.5)* 

Musiri  
2.6 *(Within 

limits)* 
317 *(Exceeds by 

316)* 
788 *(Within 

limits)* 
0.2 *(Within 

limits)* 

Thirupuvana
m (Collector 
Well) 

2.5 *(Within 
limits)* 

21 *(Exceeds by 
20)* 

780 *(Within 
limits)* 

16.0 
*(Massive 

Exceedance)* 

Suriyampalay
am, Erode 

1.9 *(Within 
limits)* 

37 *(Exceeds by 
36)* 

900 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Phoenix 
Textile 
Processors, 
Erode 

2.1 *(Within 
limits)* 

34 *(Exceeds by 
33)* 

1816 
*(Within 
limits)* 

0.2 *(Within 
limits)* 

Anna Nagar, 
Tirunelveli 

3.7 
*(Exceeds 
by 0.7)* 

3.6 *(Exceeds by 
2.6)* 

1756 
*(Within 
limits)* 

0.2 *(Within 
limits)* 

Naranammal
puram, 
Tirunelveli 

3.2 
*(Exceeds 
by 0.2)* 

1.8 *(Exceeds by 
0.8)* 

914 *(Within 
limits)* 

0.2 *(Within 
limits)* 



 

[77] 

 

Author 
(Mukkani  
Agragaram) 

2.7 *(Within 
limits)* 

9.2 *(Exceeds by 
8.2)* 

1838 
*(Within 
limits)* 

0.2 *(Within 
limits)* 

Eral 
2.7 *(Within 

limits)* 
3.6 *(Exceeds by 

2.6)* 
504 *(Within 

limits)* 
0.2 *(Within 

limits)* 

Alwarthirunag
ari 

2.5 *(Within 
limits)* 

6.8 *(Exceeds by 
5.8)* 

428 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Srivaikundam 
(BDO Office) 

2.6 *(Within 
limits)* 

2 *(Exceeds by 1)* 
326 *(Within 

limits)* 
0.2 *(Within 

limits)* 

Srivaikundam 
(TNEB  Sub 
Station) 

2.2 *(Within 
limits)* 

5.5 *(Exceeds by 
4.5)* 

880 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Mettur Dam 
(Paramasivam 
WS) 

3.6 
*(Exceeds 
by 0.6)* 

38 *(Exceeds by 
37)* 

928 *(Within 
limits)* 

0.48 *(Within 
limits)* 

Erikkadu, 
Mettur 

2.4 *(Within 
limits)* 

37 *(Exceeds by 
36)* 

784 *(Within 
limits)* 

0.21 *(Within 
limits)* 

Sakthi Nagar, 
Mettur 

2.7 *(Within 
limits)* 

34 *(Exceeds by 
33)* 

1120 
*(Within 
limits)* 

0.66 *(Within 
limits)* 

Kombupallam
, 
Sathyamangal
am 

2.3 *(Within 
limits)* 

42 *(Exceeds by 
41)* 

218 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Ariyappampal
ayam, 
Sathyamangal
am 

1.8 *(Within 
limits)* 

52 *(Exceeds by 
51)* 

220 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Thalavaipettai
, Bhavani 

1.9 *(Within 
limits)* 

43 *(Exceeds by 
42)* 

288 *(Within 
limits)* 

0.2 *(Within 
limits)* 

Pasupathy 
Pudur, 
Dindigul  

2.2 *(Within 
limits)* 

6.1 *(Exceeds by 
5.1)* 

764 *(Within 
limits)* 

0.2 *(Within 
limits)* 
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Vanniarvalasu
, Dindigul  

2.3 *(Within 
limits)* 

8.1 *(Exceeds by 
7.1)* 

768 *(Within 
limits)* 

0.2 *(Within 
limits)* 

 
(Source Data: NWMP-2024 Groundwater Monitoring Data for Tamil Nadu) 
 
Key Observations for Tamil  Nadu's Groundwater 
 
Compared to the catastrophic degradation seen in Tamil Nadu's surface rivers (like 
the Adyar and Coovum), the groundwater profile is remarkably different, 
showcasing both positive resilience and a few severe localised hazards: 
 

Å Massive Fluoride Contamination in Thirupuvanam: The most alarming 
anomaly in the entire state's groundwater data is the Collector Well at 
Thirupuvanam. While the safe limit for Fluoride is < 1.5 mg/L, this station 
recorded an extreme 16.0 mg/L . Prolonged consumption of water with this 
level of fluoride causes severe skeletal and dental fluorosis. 

 

Å Low Organic Waste Load: Unlike the state's urban rivers, which suffered 
from astronomical Biochemical Oxygen Demand (BOD) levels up to 160.0 
mg/L, the groundwater is highly shielded from raw organic sludge. Almost all 
stations successfully kept BOD under the 3.0 mg/L threshold, with only 
minor exceedances at Tirunelveli (3.7 mg/L) and Mettur Dam (3.6 mg/L). 

 

Å TDS is Kept in Check: Even in heavy textile processing areas like Erode, 
the Total Dissolved Solids (inorganic salts and minerals) managed to stay 
beneath the 2000 mg/L drinking water maximum limit. The highest 
concentration was 1838 mg/L at Mukkani Agragaram, while many rural 
stations like those in Sathyamangalam possessed highly pure water with TDS 
levels nearly as low as 200 mg/L. 

 

Å Widespread Mild  Bacterial Presence: Similar to the surface water, the 
groundwater fails the strict < 1 MPN/100ml standard for Total Coliform 
universally. However, the severity is drastically reduced. While Chennai's 
rivers surged into the tens of thousands for bacterial counts, the groundwater 
stations generally report low double digits, peaking at 317 MPN/100ml at 
Musiri. 
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Based on the 2024 National Water Monitoring Programme (NWMP) data, a 
comprehensive groundwater quality comparison between Tamil  Nadu, Gujarat, 
Uttar Pradesh, Andhra Pradesh, and Karnataka. 
 
(Note: In the provided dataset, Karnataka only has a single actively monitored groundwater 
station listed, so its data reflects that specific localised site rather than a statewide network). 
 
Multi -State Groundwater Quality Comparison (Maximum Ranges for 2024) 

State 
BOD 

(mg/L)*(Stan
dard: Ò3.0)* 

Total Coliform 
(MPN/100ml)
*(Standard: < 

1)* 

TDS 
(mg/L)*(Sta

ndard: < 
2000)* 

Fluoride 
(mg/L)*(Stan
dard: < 1.5)* 

Tamil  
Nadu 

3.7 317 1,838 16.0 

Gujarat 38.8 350 44,830 14.8 

Uttar 
Pradesh 

5.6 2,600 2,070 0.88 

Andhra 
Pradesh 

3.8 39 7,932 1.32 

Karnataka*
(1 Station)* 

2.4 540 128 0.30 

 
Key Deductions: Tamil  Nadu vs. The Other States 
 

1. Tamil  Nadu vs. Gujarat (Catastrophic Industrial  Salinity): While Tamil 
Nadu struggles with a massive localised fluoride spike (16.0 mg/L at 
Thirupuvanam), Gujarat is astronomically worse across almost every other 
metric due to unchecked industrial pollution . 

 

Å Seawater-level Salinity: Gujarat's textile and industrial belts have utterly 
destroyed local aquifers. At Balotra, Barmer (CETP Khed Road), the Total 
Dissolved Solids hit a staggering 44,830 mg/L . For context, ocean water is 
typically around 35,000 mg/L, meaning this groundwater is highly toxic 
chemical brine. Tamil Nadu completely avoided this, keeping its highest TDS 
at a safe 1,838 mg/L. 
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Å Massive Organic Sludge: At the RIICO Leather Complex in Jaipur, Gujarat 
recorded a Biochemical Oxygen Demand (BOD) of 38.8 mg/L , indicating 
heavy raw organic sludge in the groundwater, whereas TN's highest BOD was 
just 3.7 mg/L. 

 

Å Widespread Fluoride: Gujarat also suffers from severe fluoride toxicity, 
hitting 14.8 mg/L  at Nandwan, Jodhpur. 

 
2. Tamil  Nadu vs. Uttar Pradesh (Bacterial &  Surface Infiltration) : Uttar 

Pradesh presents a different pollution profile than Tamil Nadu, primarily 
struggling with surface sewage leaking into its aquifers. 

 

Å Bacterial Contamination: TNôs groundwater is relatively shielded from 
faecal bacteria, peaking at 317 MPN/100ml. UP's aquifers show severe 
vulnerability, with total coliform counts surging to 2,600 MPN/100ml  in the 
Unnao Industrial Area. 

 

Å Arsenic Presence: While TN and the other states successfully avoid arsenic, 
UP shows minor localised traces, recording 0.053 mg/L near Moradabad, 
which slightly breaches the < 0.05 mg/L safety threshold. 

 
3. Tamil  Nadu vs. Andhra Pradesh (High  TDS but Low Bacteria): Andhra 

Pradesh represents a middle ground. It  is heavily polluted with inorganic salts 
but exceptionally clean regarding organic waste. 

 

Å Heavy Salinity/TDS:  Unlike TN, which successfully regulates its 
groundwater dissolved solids, AP fails this standard massively. A borewell at 
Nakkapalli recorded a TDS of 7,932 mg/L , making the water highly brackish 
and unsafe for consumption or agriculture. Multiple other stations across AP 
hover between 3,000 and 5,000 mg/L. 

 

Å Excellent Biological Shielding: Despite the high salt content, AP's 
groundwater is beautifully protected from surface sewage. Its maximum 
recorded Total Coliform across the state was an incredibly low 39 
MPN/100ml at Etcherla, and its BOD barely exceeded the limit at 3.8 mg/L. 
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4. Tamil  Nadu vs. Karnataka (A Localised View): The dataset only provides 
one monitoring station for Karnataka, located near the Mangalijyothi School 
Municipal Solid Waste (MSW) site in Vammanjoor. 

 

Å Because it is next to a garbage dump, it exhibits higher bacterial contamination 
than TN's statewide maximum, recording 540 MPN/100ml . 

 

Å However, chemically, the water remains pristine. The TDS is incredibly low 
(like rainwater) at just 128 mg/L, BOD is perfectly safe at 2.4 mg/L, and 
Fluoride is a harmless 0.3 mg/L. 
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Lake &  Tank Water Quality (2024 Ranges) 

Monitoring  
Location 

Dissolved O2 
(mg/L)*(Stan
dard: Ó5.0)* 

BOD 
(mg/L)*(
Standard: 
Ò3.0)* 

Conducti
vity 

(µmho/c
m) 

Faecal 
Colifo

rm 
(MPN
/100m

l) 

Total 
Coliform 
(MPN/10

0ml) 

Kodai Kanal 
Lake 

6.2 - 7.6 1.8 - 2.4 83 - 116 2 - 15 2 - 308 

Udhagamadale
m (Ooty) Lake 

5.2 - 6.9 2.6 - 2.9 236 - 948 14 - 35 39 - 77 

Yercaud Lake, 
Salem 

4.5 - 8.7 1.0 - 3.9 243 - 474 11 - 65 24 - 140 

Veeranam Lake, 
Cuddalore 

5.5 - 6.8 2.5 - 8.0 520 - 1712 20 - 59 39 - 91 

Poondi Lake, 
Thiruvallur  

5.2 - 6.6 2.0 - 4.0 382 - 758 2 - 517 2 - 2420 

Red Hills,  
Thiruvallur 

5.2 - 6.5 2.0 - 3.0 292 - 646 2 - 491 2 - 2420 

Porur Lake, 
Thiruvallur  

5.1 - 6.4 2.0 - 3.0 481 - 1092 2 - 727 20 - 2420 

Pulicate Lake, 
Thiruvallur  

5.1 - 6.8 2.0 - 4.0 
2638 - 
56840 

2 - 772 2 - 2420 

Over Head 
Tank at Tirur  
Village, 
Thiruvallur  

5.4 - 6.6 2.0 - 3.0 472 - 1556 2 - 344 2 - 2420 

 
 
* BIS regulates conductivity through Total Dissolved Solids (TDS), because more minerals 
mean higher conductivity. Ideal Drinking  Limit:  conductivity of roughly 750 
µS/cm .Maximum Permissible Limit:  3,000 µS/cm  (only allowed if no other water 
source exists). 
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Key Observations for Tamil  Nadu Lakes &  Tanks (2024) 
 

Å Conductivity and Salinity Divides (The Pulicate Outlier): The 
concentration of dissolved minerals and salts varies massively by geography. 
 

Ǔ Exceptionally Pure Freshwaters: High-altitude lakes are incredibly 
pure. Kodai Kanal Lake boasts the lowest conductivity in the state, 
ranging between a pristine 83 and 116 µmho/cm. Redd Hills and 
Yercaud Lake also safely maintained ideal mineral profiles well below 
the 750 µmho/cm threshold. 

 

Ǔ Moderate Mineral Concentration: Water bodies like Veeranam Lake 
(520ð1,712 µmho/cm) and the Tirur Village Tank (472ð1,556 
µmho/cm) breached the ideal 750 µmho/cm limit but remained safely 
below the 3,000 µmho/cm maximum permissible hazard threshold. 

 

Ǔ The Brackish Outlier: Pulicate Lake is an extreme anomaly, recording 
a massive conductivity range starting at 2,638 and surging to a 
staggering 56,840 µmho/cm. Because Pulicate is a coastal lagoon 
mixing with seawater, this extreme marine salinity makes it entirely unfit 
for drinking or standard agriculture. 

 

Å Highly  Oxygenated Ecosystems: Unlike heavily polluted urban rivers in 
the state, Tamil Nadu's standing water bodies demonstrate excellent 
ecological resilience regarding oxygen. Every monitored lake successfully 
maintained healthy Dissolved Oxygen levels comfortably above the 5.0 mg/L 
survival threshold, with only Yercaud Lake experiencing a minor temporary 
dip to 4.5 mg/L. 

 

Å Organic Pollution (BOD)  is Mostly Controlled: Most lakes managed to 
keep their organic waste loads (BOD) at or below the 3.0 mg/L limit. The 
most notable exception is Veeranam Lake in Cuddalore, which experienced a 
significant surge in organic pollution, peaking at 8.0 mg/L. Poondi and 
Pulicate lakes also saw minor exceedances up to 4.0 mg/L. 

 

Å Distinct  Regional Bacterial Contamination: The data reveals a stark 
contrast in bacterial presence based on urbanisation. 
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Ǔ Clean Hill  Stations: High-altitude lakes like Ooty (max Total Coliform 
77 MPN/100ml) and Kodai Kanal (max 308 MPN/100ml) remain 
biologically very clean. 
 

Ǔ Urban Runoff in Thiruvallur:  In contrast, every single monitored 
water body situated in the Thiruvallur district (Poondi, Redd Hills, 
Porur, Pulicate, and the Tirur Village Tank) uniformly hit a peak Total 
Coliform count of exactly 2,420 MPN/100ml during the year, 
accompanied by Faecal Coliform peaks ranging from 344 to 772 
MPN/100ml. This indicates moderate, widespread urban sewage and 
surface runoff into the district's reservoirs. 
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Canals quality (2024) 
 
Report on the Quality of Canals in Tamil  Nadu (2024) 
 
Based on the 2024 National Water Monitoring Programme (NWMP) data, the 
canals in Tamil Naduñspecifically the Chennai Waterwaysñcontinue to exhibit a 
state of severe ecological collapse. 
 
Below is the 2024 water quality data for Tamil Nadu's monitored canals: 

Monitoring  
Location 

Dissolved 
Oxygen 

(mg/L)*(Stan
dard: Ó5.0)* 

BOD 
(mg/L)*(St

andard: 
Ò3.0)* 

Total 
Coliform 
(MPN/10

0ml) 

Conductivity 
(µS/cm)*(Ideal:  
Ò750, Max: 
Ò3000)* 

Captain 
Cotton Canal 
(Erukanjeri) 

0.3 - 1.8 
*(Critically 

Low/Anoxic)* 

10 - 120 
*(Massive 

Exceedance)
* 

1,700 - 
11,588 

802 - 2,340 
*(Exceeds Ideal, 

Below Max)* 

Buckingham 
Canal (Ice 
House) 

0.3 - 0.3 
*(Completely 

Anoxic)* 

16 - 141 
*(Massive 

Exceedance)
* 

2,600 - 
17,320 

1,481 - 2,310 
*(Exceeds Ideal, 

Below Max)* 

 
Key Observations for Tamil  Nadu: 
 

Å Failed Ideal Conductivity: The canals fail to meet the ideal drinking water 
conductivity limit of 750 µS/cm, recording ranges from 802 up to 2,340 
µS/cm. While they technically stay beneath the absolute 3,000 µS/cm 
maximum permissible hazard limit, this is largely irrelevant since the water is 
too toxic from sewage to be utilised. 

 

Å Total Oxygen Depletion: The canals are functionally dead. The 
Buckingham Canal recorded a constant, flat Dissolved Oxygen level of 0.3 
mg/L throughout its monitoring, meaning it is entirely anoxic and incapable 
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of supporting aquatic life. The Captain Cotton Canal barely fluctuated, 
reaching a maximum of only 1.8 mg/L. 

 

Å Extreme Organic Sludge: The Biochemical Oxygen Demand (BOD) is 
astronomically high. While the safe limit is 3.0 mg/L, the Captain Cotton 
Canal surged up to 120 mg/L, and the Buckingham Canal reached an extreme 
141 mg/L. This indicates a massive influx of raw, decomposing sewage. 

 

Å Bacterial Contamination: Both canals exhibit severe bacterial loads, with 
Total Coliform counts reaching 11,588 MPN/100ml in Captain Cotton Canal 
and 17,320 MPN/100ml in Buckingham Canal. 

 
Comparison with Canal Water Quality in Gujarat (2024) 

 
Gujarat maintains exceptionally pristine canal networks in 2024, standing in stark 
contrast to the heavily degraded urban canals of Tamil Nadu. 
 
Below is the 2024 water quality data for Gujarat's major canals: 

Monitoring  
Location 

Dissolved 
Oxygen 

(mg/L)*(Sta
ndard: 
Ó5.0)* 

BOD 
(mg/L)*(S
tandard: 
Ò3.0)* 

Total 
Coliform 
(MPN/10

0ml) 

Conductivity 
(µS/cm)*(Idea
l: Ò750, Max: 
Ò3000)* 

Narmada Main 
Canal (Limbadia, 
Gandhinagar) 

6.0 - 7.5 
*(Healthy)* 

1 - 1 
*(Pristine 
Baseline)* 

2 - 12 
265 - 514 
*(Perfectly 

Ideal)* 

Narmada Main 
Canal (Motikantadi,  
Godhra) 

7.2 - 7.8 
*(Healthy)* 

1 - 1 
*(Pristine 
Baseline)* 

9 - 26 
231 - 342 
*(Perfectly 

Ideal)* 

Tapi Canal 
(Umarwada, 
Bharuch) 

6.9 - 8.5 
*(Healthy)* 

1 - 1 
*(Pristine 
Baseline)* 

20 - 110 
360 - 500 
*(Perfectly 

Ideal)* 
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Key Deductions and Contrasts: 
 
1. Perfectly Ideal Mineral Profiles (Conductivity): By applying the conductivity 
standards, Gujarat's canals prove to be exceptional freshwater arteries. The 
Narmada and Tapi canals maintain conductivity well beneath the ideal 750 µS/cm 
limit, ranging between just 231 and 514 µS/cm. In contrast, Tamil Nadu's canals far 
exceed this ideal limit (ranging from 802 to 2,340 µS/cm) due to the heavy 
concentration of dissolved pollutants and urban runoff. 
 

2. Open Sewers vs. Freshwater Transport: Tamil Naduôs canals, located directly 
within the Chennai metropolis, are receiving massive volumes of untreated domestic 

sewage, evidenced by BOD levels reaching 141 mg/L. Conversely, Gujaratôs 
Narmada and Tapi canals successfully block almost all organic waste, recording 
absolute baseline BOD levels of 1.0 mg/L continuously across all stations. 
 

3. Biological Shielding: While Tamil Naduôs canals suffer from high bacterial 

contamination (up to 17,320 MPN/100ml), Gujaratôs canals remain highly pure. The 
Narmada Main Canal records Total Coliform counts as low as 2 to 26 MPN/100ml. 
 
4. Ecological Health (DO): Gujarat's heavy, continuous flow of fresh water 
naturally aerates its canals, sustaining excellent Dissolved Oxygen levels ranging 
from 6.0 up to 8.5 mg/L. Tamil Nadu's heavily sludge-burdened, stagnant canals 
have had all of their oxygen stripped away by decomposing organic matter, flatlining 
at 0.3 mg/L. 
 
Drains and STPs 
 
Quality values for Drains and Sewage Treatment Plants (STPs) in Tamil Nadu 
during 2024. 
 
This version evaluates all key parameters against standard acceptable limits: 
Dissolved Oxygen (DO)  (Ó 5.0 mg/L), pH  (6.5ð8.5), Conductivity (Maximum 
permissible limit of Ò 3,000 µmho/cm), BOD  (Ò 3.0 mg/L), Nitrate  (Ò 45.0 
mg/L), and Total Coliform (Surface standard of < 500 MPN/100ml). 
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Maximum Water Quality Values &  Limit  Evaluations for Tamil  Nadu 
(2024) 

Monitoring  
Location 

Water 
Body 

Max 
Dissolved 

O2 
(mg/L)*(S
tandard: Ó 

5.0)* 

Conducti
vity 

(µmho/c
m)*(Idea
l: Ò 750)* 

BOD 
(mg/L
)*(Stan
dard: Ò 
3.0)* 

Nitrat
eN+N
itriteN  
(mg/L
)*(Sta
ndard: 
Ò 

45.0)* 

Total 
Coliform 
(MPN/1
00ml)*(St
andard: 
< 500)* 

Chennai 
Waterways 
at Otteri 
Nullah 
(Origin)  

Drain 

1.2 
*(Exceeds 
limit/Fails)

* 

2450 
*(Exceeds 
limit/Fails

)* 

57.0 
*(Excee

ds 
limit)* 

14.77 
*(Withi

n 
limit)* 

14,080 
*(Exceeds 

limit)* 

Chennai 
Waterways 
at Otteri 
Nullah 
(Kilpauk 
Garden) 

Drain 

1.3 
*(Exceeds 
limit/Fails)

* 

1979 
*(Exceeds 
limit/Fails

)* 

63.0 
*(Excee

ds 
limit)* 

9.59 
*(Withi

n 
limit)* 

14,210 
*(Exceeds 

limit)* 

Chennai 
Waterways 
at 
Buckingha
m Canal X 
Otteri 
Nullah 
Confluence 

Drain 

1.3 
*(Exceeds 
limit/Fails)

* 

1908 
*(Exceeds 
limit/Fails

)* 

40.0 
*(Excee

ds 
limit)* 

8.67 
*(Withi

n 
limit)* 

15,420 
*(Exceeds 

limit)* 

Chennai 
Waterways 
at 
Mambalam 
Drain (Golf 
Course) 

Drain 

0.3 
*(Exceeds 
limit/Fails)

* 

2020 
*(Exceeds 
limit/Fails

)* 

49.0 
*(Excee

ds 
limit)* 

54.02 
*(Exce

eds 
limit)* 

13,280 
*(Exceeds 

limit)* 
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Chennai-2 
Perungadi 
(Zone-V) 

STP - - 

5.0 
*(Excee

ds 
limit)* 

- 
1,414 

*(Exceeds 
limit)* 

Erode-2 STP 
6.0 

*(Within 
limit)* 

1139 
*(Exceeds 
limit/Fails

)* 

11.0 
*(Excee

ds 
limit)* 

5.35 
*(Withi

n 
limit)* 

7,701 
*(Exceeds 

limit)* 

Karur STP 

0.3 
*(Exceeds 
limit/Fails)

* 

1778 
*(Exceeds 
limit/Fails

)* 

68.0 
*(Excee

ds 
limit)* 

1.92 
*(Withi

n 
limit)* 

9,300 
*(Exceeds 

limit)* 

Mayiladuth
urai 

STP 

3.9 
*(Exceeds 
limit/Fails)

* 

736 
*(Within 

ideal 
limit)* 

14.0 
*(Excee

ds 
limit)* 

0.62 
*(Withi

n 
limit)* 

23,700 
*(Exceeds 

limit)* 

Thanjavur STP - 

1339 
*(Exceeds 
limit/Fails

)* 

44.0 
*(Excee

ds 
limit)* 

9.00 
*(Withi

n 
limit)* 

8,100 
*(Exceeds 

limit)* 

Tirunelveli STP - 

1073 
*(Exceeds 
limit/Fails

)* 

28.0 
*(Excee

ds 
limit)* 

- 
3,200 

*(Exceeds 
limit)* 

Madurai STP 
5.9 

*(Within 
limit)* 

1790 
*(Exceeds 
limit/Fails

)* 

15.0 
*(Excee

ds 
limit)* 

1.59 
*(Withi

n 
limit)* 

365 
*(Within 
limit)* 

(Source:. Hyphens indicate that the specific parameter was either not measured or not reported at 
that location. Note: A maximum DO below 5.0 mg/L means the water body fails to meet the 
minimum oxygen requirement at all times). 
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Key Observations on Overall Quality Compliance 
 

Å Universal Failure of Organic Waste (BOD):  Not  a single drain or STP 
in the entire state of Tamil  Nadu successfully met the Ò 3.0 mg/L  
standard for Biochemical Oxygen Demand. Even the best-performing 
STPs (like Chennai-2 Perungadi and Madurai) exceeded the limit by 
discharging water with BODs of 5.0 and 15.0 mg/L, respectively. The Karur 
STP and Otteri Nullah drain completely failed, discharging extreme organic 
sludge up to 68.0 mg/L. 

 

Å Widespread Bacterial Toxicity:  With the single exception of the Madurai 
STP (which successfully kept its total coliform count to 365 MPN/100ml), 
every other monitored location massively failed the bacterial standards. 
Locations like Mayiladuthurai STP hit extreme coliform counts of 23,700 
MPN/100ml. 

 

Å Widespread Anoxia: Most urban drains in Chennai (Otteri Nullah, 
Buckingham Canal, Mambalam) and several STPs (Karur, Mayiladuthurai) 
failed to produce the minimum  5.0 mg/L  of Dissolved Oxygen 
necessary to sustain aquatic life, with many flatlining completely at 0.3 
mg/L. 

 
Comparison with the Best Performing State: Uttar Pradesh 
 

Å Exceptional Oxygenation: The Water Works treatment facility in 
Ghaziabad successfully outputs perfectly treated water, recording 
exceptionally high and healthy Dissolved Oxygen levels ranging from 8.5 to 
11.5 mg/L . 

 

Å Absolute Purity: The UP plant completely eliminates organic and bacterial 
pollution, maintaining a pristine, absolute baseline BOD of exactly 1.0 mg/L  
and a near-zero Total Coliform count of just 2 MPN/100ml  continuously. 
The water's conductivity is also incredibly low (168 to 196 µmho/cm), 
showing excellent control over dissolved solids. 

 
Key Deduction While it is naturally expected that a Water Treatment Plant (UP) 
designed for fresh water will output cleaner water than raw urban drains or standard 
STPs (TN), the data shows that Tamil  Nadu's engineered sewage treatment 
facilities are fundamentally failing to restore water to acceptable ecological 
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limits , frequently discharging anoxic and highly toxic organic sludge that stands in 
stark contrast to the perfectly treated water standards achieved by the facility in Uttar 
Pradesh. 
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A Comparative Case Study of Telanganaôs Mission Kakatiya and 

Shenzhenôs Maozhou River 
 

Telanganaôs Mission Kakatiya: Rejuvenating Decentralised Agrarian 
Hydrology 
 
Origins and Historical  Destabilisation of the Tank Cascade System 
 
The semi-arid Deccan Plateau of Telangana historically relied on a decentralised 
network of minor irrigation tanks (cheruvulu) established during the Kakatiya Dynasty 
between the 12th and 14th centuries. 
 
Recognising the unique hydrology of this arid landscape, the Kakatiyas promoted 
the construction of thousands of interconnected tanks using local stone, lime, and 
mud. These tanks were designed with integrated sluice gates, feeder channels, and 
overflow structures to capture uneven monsoon precipitation, recharge local 
aquifers, and prevent downstream flooding. 
 
This decentralised water system supported agrarian stability and village settlements 
for centuries, a legacy continued by subsequent rulers including the Qutubshahis, 
Asafjahis (Nizams), and British-era local authorities. 
 
During the late 20th century, state-led irrigation policies shifted focus toward 
centralised canal networks and major river valley projects, leaving decentralised tank 
systems to decay. Land-use changes, siltation, and the encroachment of feeder 
channels eroded the water-retention capacity of these systems. 
 
This physical decline, paired with highly subsidised or free electricity, led farmers to 
rely heavily on deep borewells. This rapid shift from surface to deep-aquifer 
pumping caused regional water tables to drop sharply and triggered a severe 
hydrochemical crisis: the mobilisation of geogenic fluoride from the underlying 
crystalline bedrock into the rural drinking water supply, causing widespread 
fluorosis. 
 
Procedural Framework and Engineering Interventions 
 
To address this ecological and agrarian decline, the Government of Telangana 
launched Mission Kakatiya (Mana Ooru ð Mana Cheruvu, meaning "Our Village ð Our 
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Tank") in March 2015. The program sought to restore all 46,531 identified minor 
irrigation sources across the state. 
 
The plan aimed to restore approximately 20% of the tanks (9,306 reservoirs) each 
year over a five-year period. It  focused on five primary engineering interventions  
 

1. Silt Removal and Land Application: Removing accumulated silt from tank 
beds to restore their original water-retention capacity, and distributing this 
nutrient-rich sediment onto surrounding agricultural fields. 

 

2. Feeder Channel Restoration: Clearing obstructions and illegal 
encroachments from the feeder channels that link the cascade networks, 
ensuring unimpeded gravity inflows. 

 

3. Bund and Structural Repair: Reconstructing and compacting earthen 
embankments (bunds) to prevent breaches, and repairing worn stone-
masonry weirs and sluice gates. 

 

4. Distributary Channel Re-sectioning: Clearing, shaping, and repairing 
downstream canals to optimise gravity-led water distribution to the command 
area (ayacut). 

 

5. Full Tank Level (FTL)  Adjustments: Raising the FTL where 
hydrologically viable to optimise localised water storage. 

 

Implementation 
Phase 

Target 
Tanks 

Completed 
Works 

Expended 
Capital (Cr) 

Stabilised 
Ayacut 
(Acres) 

Phase I   8,043 8,003 1,568.40 6.71 Lakhs 

Phase II  9,015 7,060 1,152.20 3.60 Lakhs 

Phase III  6,152 1,521 224.57 1.10 Lakhs 

Phase IV 4,108 Grounding Under Process Under Process 

Total  27,318 16,584 2,945.17 11.41 Lakhs 
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6. Initial financing was secured through loans from NABARD under the Rural 

Infrastructure Development Fund (RIDF). NABARD sanctioned 360.00 crores 

for 1,621 works in Tranche XX and 317.03 crores for 1,562 works under Tranche 
XXI, helping to fund the early phases of the project. 
 
Environmental, Agricultural, and Hydrochemical Rejuvenation 
 
An extensive, multi-year third-party impact assessment conducted by NABARD 
Consultancy Services (NABCONS) revealed that restoring the storage capacities of 
the tanks yielded profound ecological and agricultural benefits. 
 

Å Groundwater Recharge and Geogenic Dilution:  Desilting the tank beds 
stripped away the impermeable clay layers that blocked water percolation. 
This intervention dramatically improved groundwater recharge. Despite 
identical rainfall levels, the average post-monsoon rise in the local water table 
increased from 6.91 meters in the 2013ð14 base year to 9.02 meters in 2016. 
Crucially, the increased volume of fresh water infiltrating the shallow aquifer 
diluted groundwater fluoride concentrations, successfully bringing them 
down toward acceptable baseline limits across highly vulnerable districts. 
 

Å Circular Agronomy and Fertiliser Reduction: Silt application to 
agricultural fields established a highly successful circular economy. A 
collaborative evaluation by the University of Michigan demonstrated that 
applying this nutrient-rich sediment reduced chemical fertiliser consumption 
by 35% to 50%. This reduction cut farmers' input expenditures by an average 

of 27.60% (saving between 1,500 and 3,000 per acre) and suppressed 
downstream greenhouse gas emissions from chemical fertiliser production by 
50% to 90%. 

 

Å Socio-Economic Productivity: The stabilisation of irrigation water access 
reduced the gap ayacut (the difference between the irrigable command area 
and the actual area irrigated) from 42.40% to 23.20%, while boosting overall 
irrigation intensity by 45.60%.[12] This stable water access supported a 
78.50% increase in household agricultural income, a 36% to 39% rise in inland 
fish yields due to longer water retention periods, and enhanced resilience 
against historically severe storms, such as the extreme rainfall events of 
October 2020 
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Chinaôs Maozhou River: High -Capital Industrial  and Ecological 
Remediation 
 

The Maozhou River, Shenzhenôs longest river, flows northwest for 31.3 kilometres 
from Yangtai Mountain, draining a basin area of 388 square kilometres into the Pearl 
River Estuary. The river forms the transboundary border between Guangming and 
Bao'an districts in Shenzhen and Chang'an Town in Dongguan City. 
 
Following China's economic reforms in the 1980s, the Maozhou River basin became 
a primary manufacturing hub within the Pearl River Delta. The rapid proliferation 
of over 433 key pollution-source enterprises, predominantly electroplating, 
electronics, dyeing, and chemical factories, occurred alongside massive, rapid 
population growth that reached 3.7 million residents. 
 
Without adequate municipal wastewater infrastructure, massive volumes of 
untreated domestic sewage and industrial heavy-metal effluent were discharged 
directly into the river system. The slow slope drop of the downstream section 
(1.5Ą) combined with tidal backwater effects trapped these pollutants, turning the 
Maozhou River into the most heavily contaminated "black and odorous" waterway 
in Guangdong Province. 
 
By the early 2010s, concentrations of heavy metals (such as Lead, Chromium, 
Copper, and Nickel) in the river's bed sediments were 3.73 to 417 times higher than 
regional background levels, posing severe ecological and public health risks. 
 
Technological and Civil Engineering Architecture 
 
In 2015, following the directives of the 13th Five-Year Plan, municipal authorities 
launched a massive, high-capital water pollution control campaign. Led by state-
owned enterprise POWERCHINA, the project abandoned traditional piecemeal 
interventions in favour of a whole-basin, high-intensity engineering strategy. This 
model comprised four main physical interventions. 
 
1. Rainwater and Sewage Diversion 
 
Prior to remediation, storm runoff and industrial wastewater shared the same 
drainage conduits, causing sewage treatment plants to overflow during heavy rain. 
Engineers constructed 2,513 kilometres of new, dedicated rainwater and sewage 
diversion pipes. This separated stormwater from contaminated industrial and 
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domestic streams, ensuring that only concentrated wastewater reached treatment 
facilities. 
 
2. Advanced Wastewater Treatment and Capacity Boosting 
 
The municipality constructed two high-capacity sewage treatment plants and one 
treatment station within the basin. This added 5,50,000 tons per day of new 
processing capacity, bringing the basin's total treatment capacity to 850,000 tons per 
day, which is 1.5 times the peak daily sewage volume produced. Four new pumping 
stations, capable of supplying 9,30,000 tons per day of treated water, were 
constructed to pump purified water back upstream to maintain ecological flow rates. 
 
3. Sponge City Integration and Underground Storage 
 
To manage wet-weather overflows, planners integrated Sponge City principles into 
the urban landscape. Guhong Environmental Protection Engineering designed and 
implemented a massive 1,30,000 cubic meter underground rainwater storage tank. 
Divided into 33 storage corridors exceeding 100 meters in length, this underground 
facility captures highly polluted initial stormwater runoff. An automated vacuum 
flushing system cleans the floor of the storage tank after each storm, preventing 
sediment buildup and ensuring long-term operational efficiency. 
 
4. Active Sediment Dredging 
 
To address the highly toxic sediment bed, the project deployed amphibious swamp 
excavators fitted with specialised cutter suction pumps. These excavators moved 
through shallow waters and marshy banks, hydraulically pumping contaminated silt 
directly into municipal processing sites. This process avoided releasing heavy metals 
back into the water column. 
 
Landscape-Scale Ecological Engineering and "Design  by Nature"  
 
Rather than relying solely on concrete floodwalls and chemical treatment, the 
remediation of the Maozhou River pioneered a landscape-scale "Design by Nature" 
ecological methodology. A 12.9-kilometre section was designated as a pilot 
ecological belt, utilising an ecosystem services framework. 
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Multi -Stage Constructed Wetlands 
 
The project constructed sequential constructed wetland systems, integrating a 
Floating-Bed Constructed Wetland (FBCW), a Horizontal Subsurface Flow 
Constructed Wetland (HSFCW), and a Surface Flow Constructed Wetland (SFCW). 
This sequence operates through three clear stages: 
 

1. Particulate Filtration  (Rapid Stage): Water passes through a substrate of 
sand, gravel, and recycled concrete aggregates to filter out coarse particulate 
matter and suspended solids. 

 

2. Biological Purification (Subsurface Flow Stage): Water moves through 
down-flow and up-flow subsurface sediment layers (comprising volcanic rock 
and biomass carbon substrates). Here, thick microbial biofilms form on plant 
roots and substrate materials, removing dissolved nutrients and heavy metals 
through biological absorption, nitrification, and chemical precipitation. 

 

3. Polishing and Absorption (Surface Flow Stage): In the final open-water 
stage, wetland plants absorb residual phosphorus and nitrogen, restoring 
dissolved oxygen (DO) levels. 

 
Monitoring data indicated that these sequential wetlands achieved average removal 
rates of 74.79% for Chemical Oxygen Demand (COD), 80.90% for Ammonia 
Nitrogen, 71.12% for Total Nitrogen (TN), and 78.44% for Total Phosphorus (TP). 
Importantly, this biological approach cost between 1/3 and 1/5 of conventional 
chemical water treatment, with operating costs limited to $0.02 per ton of water. 
 
Suppression of Greenhouse Gas Emissions 
 
Research indicated that discharging this highly purified, oxygenated treated sewage 
into the urban river system suppressed methane emissions by up to 99.90% 
compared to untreated sections. The introduction of oxygenated water raised the 
dissolved oxygen levels, shifting the riverbed chemistry away from anaerobic 
methanogenesis, which significantly reduced net riverine greenhouse gas emissions 
 
The River Chief System: Restructuring Administrative Accountability 
 
The engineering interventions on the Maozhou River succeeded due to a major 
institutional reform: the nationwide implementation of the River Chief System 



 

[98] 

 

(RCS) in 2016. Historically, water management in China was fragmented across 
multiple ministries with overlapping jurisdictions and conflicting priorities. The 
Ministry of Water Resources managed water allocation, while the Ministry of 
Environmental Protection oversaw water quality. This separation led to disjointed 
decision-making, data discrepancies, and a lack of accountability. 
 
The RCS resolved this fragmentation by appointing local heads of the Chinese 
Communist Party and government as the "River Chiefs" for specific water bodies. 
Under this governance framework, these leaders are held personally accountable for 
water resource conservation, shoreline management, pollution prevention, and 
ecological restoration. Crucially, the system links environmental performance 
directly to official evaluations and career promotions. A multi-agency staff office, 
the Office of the River Chief System (ORCS), was established to coordinate across 
departments (forestry, transportation, environmental protection, and finance), 
streamlining decision-making and environmental enforcement. 
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Understanding Water Availability Levels 
 
According to a NITI  Aayog report via India's Climate and Energy Dashboard, the 
projected per capita water availability for 2025 and 2050 highlights significant water 
stress for both India and Tamil Nadu. 
 
The data categorises per capita water availability into four distinct levels: 
 

Å Absolute Scarcity: Less than 500 cubic meters (<500 m³) 

Å Scarcity: 500 to 1000 cubic meters (500-1000 m³) 

Å Stress: 1000 to 1700 cubic meters (1000-1700 m³) 

Å No Stress: Greater than 1700 cubic meters (>1700 m³) 
 
Water Stress in India: Across India, a significant portion of the country is 
projected to face severe water challenges. The projected map for 2025 shows 
widespread "Scarcity" across the central, western, and northern regions. While 
eastern and northeastern regions of India largely fall into the "No Stress" category, 
the southern tip of the country already shows signs of "Absolute Scarcity". Looking 
ahead to the 2050 projections, the map indicates a general worsening trend across 
the nation, with areas of absolute scarcity intensifying in the south. 
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Water Stress in Tamil  Nadu: The projections for Tamil Nadu indicate a critical 
and worsening water crisis. 
 

Å 2025 Projection: The state is overwhelmingly dominated by districts facing 
either "Scarcity" (500-1000 m³) or "Absolute Scarcity" (<500 m³). Only very 
small slivers of land on the western border are classified as having "No Stress". 
 

Å 2050 Projection: The situation is projected to deteriorate dramatically. By 
2050, almost the entire state of Tamil Nadu is projected to fall into the 
"Absolute Scarcity" category, with per capita water availability dropping below 
500 cubic meters. Only a few isolated patches on the western border are 
expected to remain free of water stress. 
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Case Study: Decentralised Water Body Restoration &  Community-Led 
Ecological Governance 

 
Initiative  Leader: Thiru Nimal Raghavan avl & Community Partners 
 
Focus Area: Water Security, Wetland Restoration, and Rural Climate Resilience 
 
Geographic Coverage: Pan-India, Sri Lanka, Kenya, and Uganda 
 
This case study examines a scalable, community-first water body restoration model 
that has successfully restored over 113 water bodies and 1,700 kilometres of 
feeder/supply channels since 2019. Operating at 10% to 20% of standard 
institutional  project costs, the initiative demonstrates that integrating native 
ecological engineering with hyper-local community ownership ensures both 
economic efficiency and lasting environmental governance. 
 
Scale &  Scope of Interventions 
 
Since its inception in 2019, the restoration model has addressed diverse hydrological 
challenges, ranging from severe siltation and invasive species overgrowth to coastal 
saltwater intrusion and borewell-induced aquifer depletion: 
 

Å Total Water Bodies Restored: 113 lakes, ponds, and temple tanks.  
 

Å Feeder Channel Restoration: ~1,700 km of natural inflow and overflow 
channels restored to ensure complete watershed connectivity.  
 

Å Regional Footprint: 24 districts across Tamil Nadu; 15 states in India 
(including high-vulnerability regions like the Rann of Kutch, Sambhar Lake, 
and the Mahanadi basin).  
 

Å International Expansion: Operations across 4 countriesñIndia, Sri Lanka 
(coastal aquifer protection), Kenya (lake restoration), and Uganda 
(borewell/groundwater recharge systems).  
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Key Benchmark Projects 
 

Project Location 
Scale /  
Area 

Primary Objective 
Funding 
Mechanis
m 

Kadambakulam 
(Thoothukudi, TN) 

1,835 
Acres 

Large-scale desilting 
& capacity 
expansion 

Community 
& Local 
Action 

Kavinadan Kammai 
(Pudukkottai, TN) 

1,118 
Acres 

Regional water table 
replenishment 

Community 
& Local 
Action 

Kurichi  &  
Sellikurichi Lakes 
(Thanjavur, TN) 

720 Acres 
combined 

Delta water 
retention & channel 
clearing 

Community 
& Local 
Action 

Kayts /  
Malingimunai  (Sri 
Lanka) 

4 Critical 
Coastal 
Lakes 

Mitigation of 
saltwater intrusion 

Bilateral /  
Community 

Rann of Kutch 
(Gujarat) 

12-Dam 
Chain 

Desert water 
harvesting 

Multi-
Stakeholder 

 
 
 Methodology &  Ecological Innovations 
 

1. Supply Channel Integrity:  Restoration begins at the catchment level. A 
water body is only as healthy as its inflow and overflow channels. Cleaning 
and widening supply channels ensures long-term hydrologic influx.  

 
2. Zero Soil Export (In -Situ Utilisation): 100% of excavated nutrient-rich silt 

is retained on-site. Silt is repurposed to construct central Lake Islands and 
reinforce surrounding embankments (bunds).  
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3. Biodiversity Anchoring: 
 

Ǔ Native, pollen-dense tree species are planted on created islands to 
attract pollinators (bees, butterflies) and avifauna, driving natural seed 
dispersal.  
 

Ǔ Vetiver (khus grass) and Palmyra seeds are planted along bunds to 
provide deep, fibrous root stabilization that naturally prevents soil 
erosion and acts as a rainwater harvester.  

 
4. Sewage Diversion &  Phytoremediation: In urban and peri-urban ponds 

affected by wastewater, influent sewage is redirected into designated treatment 
channels. Invasive species like water hyacinth (Eichhornia crassipes) and Prosopis 
juliflora are removed to allow natural aquatic flora to regenerate.  

 
Financial Sustainability &  Cost-Efficiency 
 
Traditional public water body restoration projects face significant overheads and 
prolonged administrative cycles. By leveraging community equipment sourcing, 
local labour, and precise seasonal timing (executing earthworks during the dry 
season prior to monsoon arrival), the model achieves extreme capital efficiency: 
 

Å Cost Reduction: Projects are delivered at 10% to 20% of standard 
government/institutional  cost estimates.  
 

Å Capital Benchmarking: Interventions that typically require 1 Crore under 

conventional municipal models are executed for approximately 20 Lakhs 
with superior structural longevity.  
 

Å Diverse Capital Mobilisation: A hybrid funding strategy combines 
localised crowd-funding/farmer contributions with selective Corporate 
Social Responsibility (CSR) grants.  

 
The Core Driver: Community Engagement &  Ownership 
 
The foundational premise of this case study is that technical interventions fail 
without local institutional  ownership. "Without community involvement, long-
term sustainability is impossible." 
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Community Co-Design Framework 
 

Å Day-One Stakeholder Integration: Local farmers, residents, and youth are 
integrated into project planning, execution, and monitoring from day one.  
 

Å Shared Financial Burden: When communities contribute financially or 
through voluntary labour, their perceived ownership of the water body 
increases dramatically.  
 

Å Post-Restoration Governance: Because locals understand the labour and 
planning required to restore their water security, post-project maintenance 
(such as preventing garbage dumping or invasive re-growth) is organically 
managed by the community without external oversight.  
 

Å Multi -Stakeholder Convergence: Success at the grassroots level has created 
a pull-factor, prompting District Collectors, MLAs, state government 
departments, and international government bodies (e.g., Kenya, Uganda) to 
directly invite and facilitate these community-led interventions.  
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Marine Ecosystem of Tamil  Nadu - Inputs from Thiru  B.Prabhakaran avl 
 
Tamil Nadu occupies a unique position in India's maritime geography. Situated 
along the southeastern coast of the Indian peninsula, the State overlooks some of 
the world's busiest maritime trade routes connecting East Asia, Southeast Asia, the 
Middle East and Europe. 
 
Today, the 1,076-kilometre coastline supports: 
 

¶ Over 600 coastal fishing villages across 14 districts (Chennai, Chengalpattu, 
Villupuram, Tiruvallur, Cuddalore, Thanjavur, Pudukkottai, Nagapattinam, 
Thiruvarur, Mayiladuthurai, Ramanathapuram, Tirunelveli, Thoothukudi and 
Kanyakumari. 
 

¶ More than ten lakh people directly or indirectly dependent on marine 
resources  

¶ Major commercial ports and fishing harbours  

¶ Critical energy infrastructure  

¶ Coastal industries  

¶ Tourism destinations  

¶ Ecologically significant wetlands, mangroves, estuaries, coral reefs and 
seagrass meadows.  

 
Important Coastal Wetlands 
 

Wetland District  Importance 

Pulicat Lagoon 
(southern part) 

Tiruvallur Ramsar Site, migratory birds 

Buckingham Canal 
Wetlands 

ChennaiðChengalpattu Urban wetland system 

Pichavaram 
Mangroves 

Cuddalore 
World's second-largest mangrove 

forest in India 

Muthupet 
Mangroves 

Tiruvarur/Thanjavur Extensive mangrove ecosystem 
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Wetland District  Importance 

Point Calimere 
Wetlands 

Nagapattinam Ramsar Site, birds and wildlife 

Vedaranyam 
Swamps 

Nagapattinam Salt marsh ecosystem 

Gulf  of  Mannar 
Seagrass Beds 

Ramanathapuram & 
Thoothukudi 

Dugong habitat 

Tamiraparani 
Estuary 

Thoothukudi Estuarine biodiversity 

Manakudy Estuary Kanniyakumari Mangroves and fisheries 

Pazhayar Estuary Mayiladuthurai Coastal fisheries 

 
Marine Protected Areas 
 

Protected Area District  Significance 

Gulf  of  Mannar 
Marine National Park 

Ramanathapuram & 
Thoothukudi 

Coral reefs, seagrass, 
dugongs, 21 islands 

Gulf  of  Mannar 
Biosphere Reserve 

Ramanathapuram, 
Thoothukudi, Tirunelveli 

India's first Marine 
Biosphere Reserve 

Point Calimere 
Wildlife & Bird 

Sanctuary 
Nagapattinam Migratory birds, blackbuck 

Pulicat Bird Sanctuary Tiruvallur 
Flamingos and migratory 

birds 

Pichavaram Mangrove 
Reserve 

Cuddalore Mangrove conservation 

Vettangudi Bird 
Sanctuary 

Sivaganga (near coast) Water birds 

Karaivetti Wetlands 
(coastal influence) 

Ariyalur Waterfowl habitat 
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Rapid urbanisation, industrialisation, climate change, coastal erosion, pollution, 
habitat destruction, declining fish stocks, unregulated tourism and increasing 
pressure on fragile ecosystems are steadily weakening the natural systems that have 
sustained coastal communities for generations.  
 
Every cyclone, storm surge, flood and tidal event now exposes the growing 
vulnerability of  our coast. Unless decisive action is taken, future generations may 
inherit a coastline that is environmentally degraded, economically fragile and socially 
vulnerable. 
 
The challenge before Tamil Nadu is not merely one of  coastal protectionñit is one 
of  coastal regeneration. Protection seeks to preserve what remains. Regeneration 
seeks to restore what has been lost and to create a stronger, healthier and more 
productive coastal ecosystem capable of  supporting both people and nature. Coastal 
regeneration is not an environmental expenditure; it is a long-term economic 
investment. 
 
Coastal regeneration should become a whole-of-government mission supported by 
local communities, research institutions, industry, civil society organisations and 
international partners. The future of  Tamil  Nadu will  continue to be shaped by 
the sea. The question before us is not whether change will  occur, but whether 
we will  lead that change with vision, science, community participation and 
determination. The time for coastal regeneration is now. 
 
Marine pollution has become a significant environmental and public health 
concern. Plastic waste, abandoned fishing gear, untreated sewage, industrial 
effluents, agricultural runoff and oil contamination collectively degrade marine 
ecosystems and threaten fisheries. 
 
Single-use plastics are particularly problematic because they persist in the 
environment for decades, fragment into microplastics and enter marine food chains. 
Marine animals frequently ingest or become entangled in plastic debris, resulting in 
injury or death. 
 
Ghost fishing, the continued capture of  marine organisms by abandoned or lost 
fishing gear, further contributes to biodiversity loss and economic inefficiency. 
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Without comprehensive waste management, circular economy initiatives and 
improved coastal sanitation, pollution levels are likely to continue increasing. 
 
Towards a Regenerative Coastal Framework for Tamil  Nadu 
 
The existing governance landscape, including the Coastal Regulation Zone (CRZ) 
Notification, Integrated Coastal Zone Management (ICZM) initiatives, and various 
disaster and fisheries regulations, has provided foundational safeguards. However, 
these frameworks are increasingly ill-equipped to manage the complexity of  
evolving coastal dynamics. 
 

Current Policy Limitations  Required Modern Shifts 

Sector-Specific Silos: Policies are 
isolated within individual departments, 

leading to disjointed outcomes. 

Integrated Framework: A unified 
strategy that aligns ecological health, 
economic growth, and community 

welfare. 

Fragmented Governance: Overlapping 
mandates across agencies result in 

administrative duplication and 
implementation delays. 

Cross-Sectoral Alignment: A 
unified governance architecture with 
shared data platforms and budgetary 

oversight. 

Reactive Regulation: Current focus is 
primarily on mitigating damage after it 

occurs or restricting development. 

Proactive Regeneration: A shift 
toward long-term ecological 

restoration and climate-resilient 
growth. 

Limited  Emerging Scope: Existing 
rules fail to provide clear governance for 
new, high-growth blue economy sectors. 

Comprehensive 
Coverage: Regulatory clarity for 

marine biotechnology, green 
hydrogen, and blue carbon projects. 

 
Tamil Nadu must position itself as a leader in cost-effective, biology-led protection 
 

Å Mangrove and Wetland Restoration: Utilising natural buffers to absorb 
storm energy 
 

Å Sand Dune and Beach Rehabilitation: Restoring natural sediment barriers 
to combat erosion. 
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Å Living  Shorelines: Using natural materials to stabilise banks and estuarine 
edges. 

Å Green Coastal Buffers: Integrating vegetative zones into urban and rural 
coastal planning. 
 

Å Coral Transplantation and Seagrass Conservation: Actively restoring 
submerged habitats to support biodiversity. 

 

The overarching objective is to transform Tamil Naduôs coastline into a resilient, 
prosperous, and sustainable corridor by 2040. This transformation demands a 
departure from fragmented regulation toward a comprehensive framework of 
regeneration. By integrating scientific innovation with community empowerment 
and ecosystem restoration, Tamil Nadu is uniquely positioned to establish itself as a 
national and international leader in modern coastal governance. 
 

Global Best Practices for Tamil  Naduôs Coastal Management 
 
Historically, coastal management has been highly fragmented across different 
sectors like ports, fisheries, and tourism, which has often led to conflicting priorities 
and environmental degradation. The global best practice is now shifting towards 
Integrated Coastal Zone Management (ICZM) , which treats the coastline as a 
single interconnected ecosystem rather than isolated sectors.  
 
Key International Lessons Rather than wholesale replication, Tamil Nadu is 
looking to adapt several successful global strategies to its unique ecological and 
socio-economic landscape: 
 

Å The Netherlands ("Living  with Water"): Moving away from exclusively 
relying on engineered seawalls towards adaptive flood management, utilizing 
beach nourishment, and restoring natural sand dunes. 
 

Å Singapore: Balancing intense urban development with marine conservation 
through strict coastal planning, smart water quality monitoring, and integrated 
wastewater treatment. 
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Å Japan: Building multi-layered disaster resilience, strengthening cyclone 
evacuation systems, and expanding coastal afforestation for disaster 
preparedness. 

Å Australia: Managing the Great Barrier Reef through continuous ecological 
monitoring and science-based conservation, providing a direct blueprint for 
Tamil Nadu's Gulf of Mannar Biosphere Reserve. 
 

Å Norway: Implementing science-based catch limits, traceability systems, and 
digital vessel monitoring for sustainable fisheries. 
 

Å Indonesia: Promoting community-led estuarine mangrove restoration and 
linking it to sustainable livelihoods and blue carbon initiatives. 
 

Å United States: Pioneering "living shorelines" that use bioengineering and 
native vegetation for erosion control rather than relying exclusively on hard 
engineering. 
 

Å Denmark &  New Zealand: Expanding offshore renewable marine energy 
and integrating traditional, indigenous ecological knowledge into coastal 
governance. 

 
The Proposed Tamil  Nadu Coastal Regeneration Model (TNCRM)  - By 
synthesising these international trends, the state plans to forge its own distinct 
Tamil  Nadu Coastal Regeneration Model. 
 
Key Recommendations for Implementation: 
 

Å Establish a Tamil  Nadu Coastal Regeneration Authority for unified, 
cross-sectoral policy coordination. 
 

Å Prioritise nature-based solutions (like mangrove rehabilitation and living 
shorelines) over hard engineering wherever scientifically appropriate. 
 

Å Implement marine spatial planning to systematically balance competing 
interests like fisheries, ports, conservation, and renewable energy. 
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Å Develop a State Coastal Digital  Observatory utilising drones, GIS, and 
satellite imagery for real-time monitoring of shoreline changes and coastal 
hazards. 

 

Tamil Naduôs coastline is deeply interconnected with the Bay of Bengal Large 
Marine Ecosystem, meaning its policies must align with broader international 
agreements and national frameworks. This alignment allows the state to access 
international financing, climate adaptation resources, and technical expertise while 
meeting global sustainability goals. 
 
International Commitments: To achieve global standards, Tamil Nadu's coastal 
strategy must integrate several key international frameworks: 
 

Å Sustainable Development Goals (SDGs): The cornerstone is SDG 14 
(Life Below Water), which guides marine conservation, pollution reduction, 
and blue economy growth. Other relevant goals include climate action, clean 
water, and sustainable communities. 

 

Å Climate &  Biodiversity Agreements: The Paris Agreement demands 
robust adaptation strategies for sea-level rise and intense cyclones. 
Concurrently, the Convention on Biological Diversity (CBD) and the 
Ramsar Convention prioritise the protection of vital habitats like the Gulf 
of Mannar coral reefs, mangroves, and crucial wetlands. 
 

Å Nature-Based &  Scientific Solutions: Participating in the Blue Carbon 
Initiative  by restoring mangroves and seagrasses can create carbon finance 
opportunities and increase resilience. Furthermore, leveraging the UN  
Decade of Ocean Science can help the state become a leader in digital 
coastal monitoring and marine research 

 
The overarching vision is to transform Tamil Nadu into India's leading model of 
sustainable coastal governance.  
 
To translate this ambitious objective into action, the strategy relies on six mutually 
reinforcing pillars, which are executed through distinct flagship missions: 
 

Å Pillar I  (Healthy Coasts): Focuses on restoring marine ecosystems, beaches, 
mangroves, and wetlands through the Blue Ocean Tamil Nadu and Living 
Coastline missions. 
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Å Pillar II  (Climate-Resilient Communities): Focuses on cyclone 
preparedness, nature-based adaptation, and early warning systems through the 
Climate Shield mission. 

Å Pillar III  (Sustainable Blue Economy): Diversifies the economy through 
sustainable aquaculture, marine biotechnology, and maritime logistics via the 
Coastal Prosperity mission. 
 

Å Pillar IV (Clean Oceans): Tackles plastic waste, ghost fishing gear, and 
wastewater to ensure cleaner waters via the Clean Coast Tamil Nadu mission. 
 

Å Pillar V (Knowledge and Innovation): Promotes marine research, AI, and 
digital observation through the Ocean Innovation mission. 
 

Å Pillar VI  (Good Governance): Ensures integrated planning, regulatory 
reform, capacity building, and transparency. 

 
The Paradigm Shift in Coastal Management 
 
For over half a century, coastal management has been dominated by defensive 
engineering, a reactive model utilizing hard structures like seawalls and groynes to 
protect specific assets.  
 
While effective in the short term, these interventions often disrupt natural sediment 
transport and require high maintenance. The Tamil Nadu Coastal Regeneration 
Mission 2040 (TNCRM 2040) marks a fundamental shift toward Integrated 
Coastal Zone Management (ICZM)  and a philosophy of proactive 
regeneration. 
 
The core policy mandate is to move from "protecting  the coast from damage" 
to "restoring the coast to health." This approach recognizes the coastline as a 
dynamic living system where ecological restoration serves as the primary engine for 
economic resilience and disaster risk reduction. We must adopt a philosophy of 
working with nature rather than attempting to control it. 
 

Å Environmental: Accelerated erosion, habitat fragmentation, declining 
biodiversity, and reduced fish populations. 
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Å Economic: Damage to tourism assets, increased infrastructure maintenance, 
and higher disaster recovery expenditures. 
 

Å Social: Heightened vulnerability of coastal families, livelihood insecurity, and 
displacement following extreme weather. 

Å Strategic: Constraint of the Stateôs Blue Economy ambitions due to the loss 
of fundamental natural capital. 

 
Economic Valuation: The Case for Natural Capital 
 
TNCRM 2040 defines the coastline as Natural Capital, a strategic stock of 
resources that generates a continuous flow of Blue Wealth. Unlike manufactured 
capital, natural capital appreciates in value when restored. 
 
Ecosystem Services vs. Artificial  Replacements 
 

Ecosystem Asset Artificial Replacement Cost/Function 

Mangroves Flood barriers, embankments, and storm surge shields 

Coral Reefs Offshore breakwaters and wave attenuation structures 

Sand Dunes Coastal protection structures and sand reservoirs 

Wetlands Stormwater infrastructure and flood storage 

Estuaries Water treatment facilities and nutrient cycling 

Seagrass Sediment stabilization projects and carbon sinks 

 
The Four Categories of Ecosystem Services 
 
1. Provisioning: Tangible goods including fish, shellfish, seaweed, salt, and 

medicinal plants. 
 

2. Regulating: Climate regulation, wave energy absorption, flood mitigation, and 
water purification. 
 

3. Cultural: Tourism, recreational spaces, spiritual heritage, and community 
identity. 
 

4. Supporting: Nutrient cycling, habitat for marine organisms, and fish breeding 
grounds. 
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The Mission Architecture: Vision, Principles, and Pillars 
 
"To transform Tamil Nadu into India's leading model of sustainable coastal 
development by restoring natural ecosystems, strengthening climate resilience, 
empowering coastal communities, advancing a globally competitive Blue Economy 
and safeguarding the State's maritime heritage for future generations." 
 
The 12 Core Principles 
 
1. Ecology First: Healthy ecosystems are the foundation of all sustainable 

development. 
 

2. Climate Resilience by Design: Every investment must account for future 
climate risks. 
 

3. Nature-Based Solutions (NbS): Prioritizing natural systems over artificial 
ones. 
 

4. Communities at the Centre: People are partners in stewardship, not just 
beneficiaries. 
 

5. Science Drives Policy: Evidence-based decision-making using modern 
research. 
 

6. Integrated Governance: One coast, one coordinated approach across all 
departments. 
 

7. Prevention Before Restoration: Protecting healthy systems is more cost-
effective than fixing degraded ones. 
 

8. Blue Economy with Ecological Integrity:  Growth must respect ecological 
limits. 
 

9. Innovation and Technology: Utilizing "Smart Coast" tools like AI and satellite 
monitoring. 
 

10. Intergenerational Responsibility: Ensuring todayôs decisions benefit future 
generations. 
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11. Transparency and Accountability: Open reporting and independent review. 

 
12. Equity and Inclusive Development: Ensuring no community is left behind. 
 
The Five Strategic Pillars 
 

Å Restore Nature: Rebuilding the ecological foundations. 

Ǔ Outcomes: Improved biodiversity, increased fish nursery habitats, and 
enhanced natural protection. 

 

Å Protect People: Strengthening community well-being and social 
infrastructure. 

Ǔ Outcomes: Reduced disaster vulnerability and improved household 
income security. 

 

Å Sustainable Blue Economy: Responsible marine development and 
entrepreneurship. 

Ǔ Outcomes: Green employment and increased private investment in eco-
tourism. 

 

Å Climate Resilience: Preparing for sea-level rise and extreme weather. 

Ǔ Outcomes: Reduced disaster losses and climate-hardened infrastructure. 
 

Å Innovation and Governance: Knowledge-driven management and digital 
transformation. 

Ǔ Outcomes: Faster environmental monitoring and data-driven policy 
decisions. 

 
Governance and Institutional  Framework 
 
TNCRM 2040 employs a Four-Tier Governance Structure to manage the coast 
as a single interconnected system: 
 
1. State Council: Strategic policy leadership and interdepartmental resolution. 

 
2. Mission Directorate: Central coordination for day-to-day implementation. 

 
3. District  Committees: Led by District Collectors to execute local action plans. 



 

[116] 

 

 
4. Local Stewardship Committees: Village-level groups for community-led 

implementation. 
 
Financing and Blue Finance Strategy 
 
The Mission utilises a Blended Finance Model to mobilise sustainable capital: 
 

Å Public Financing: Convergence of state/national budgets and the 
development of a Natural Capital Accounting Framework. 
 

Å Climate Finance: International funds for adaptation and NbS projects. 
 

Å Blue Finance: Leveraging Blue Bonds and Blue Carbon initiatives 
(mangroves/seagrass) to attract global sustainable capital. 
 

Å CSR: Partnerships with industries for waste management and restoration. 
 
Investment Prioritisation Framework Projects are selected based on:  
 
1. Environmental Significance, 2. Climate Benefits, 3. Social Impact, 4. Economic 
Value, and 5. Feasibility. 
 
Outcome-Based Financing shifts rewards to measurable performanceñsuch as 
hectares of mangroves established- over mere budget expenditure. 
 
Implementation Roadmap and Flagship Programs 
 
The Three-Phase Roadmap 
 
1. Phase I  (2026-2030): Foundation: Institutional strengthening, baseline 

surveys, and pilot projects. 
 

2. Phase II  (2031-2035): Expansion: Scaling successful programs and integrating 
Blue Economy sectors. 
 

3. Phase III  (2036-2040): Consolidation: Achieving global leadership and long-
term ecological resilience. 
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The 26 Flagship Mission Programmes 
 

Å Ecological: 1. Mission Living Beaches, 2. TN Mangrove Mission, 3. Coral 
Recovery Initiative, 4. Seagrass Conservation, 5. Marine Biodiversity 
Conservation, 6. Coastal Wetland Restoration, 7. Coastal Afforestation, 8. 
Blue Carbon Initiative. 

 

Å Pollution Control: 9. Plastic-Free Coastline, 10. Ghost Fishing Gear 
Recovery, 11. Clean Fishing Harbour Initiative, 12. Green Ports, 13. Coastal 
Circular Economy. 

 

Å Community: 14. Climate-Resilient Coastal Villages, 15. Coastal Drinking 
Water Security, 16. Blue Skills Mission, 17. Women's Blue Economy Initiative, 
18. Coastal Youth Leadership, 19. TN Ocean Literacy Mission. 
 

Å Blue Economy: 20. Sustainable Coastal Tourism, 21. Blue Economy 
Innovation, 22. Seaweed Development Mission. 

 

Å Science &  Governance: 23. Smart Coast Digital Mission, 24. Coastal 
Research Network, 25. Coastal Heritage Conservation, 26. Coastal Disaster 
Resilience. 

 
Social Development: Coastal Communities and Livelihoods 
 
TNCRM 2040 adopts a strategy of "Placing  People at the Centre." Healthy 
ecosystems are the bedrock of social stability and livelihood security. 
 

Å Womenôs Empowerment: Supporting Womenôs Blue Economy Centres, 
cooperatives in seaweed value addition, and seafood marketing enterprises. 

 

Å Youth Development &  Skills: Marine vocational education, drone/GIS 
operation training, and internships in marine biotechnology. 

 

Å Maritime Identity:  Preservation of Traditional Ecological Knowledge 
(TEK) regarding tides and fish behavior, and the conservation of historic 
maritime heritage sites. 
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District  Profile Analysis: Chengalpattu Model 
 
Chengalpattu District serves as the "Model  for Sustainable Coastal 
Urbanisation,"  representing the critical transition between metropolitan Chennai 
and rural coastal landscapes. 

Å Ecological Assets: Significant sandy beaches for turtle nesting, the 
Muttukadu Backwaters, and the Buckingham Canal-linked water bodies. 
 

Å Strategic Infrastructure: Home to the Kalpakkam nuclear complex, 
requiring world-class disaster preparedness and shoreline stability. 
 

Å Sectoral Challenges/Opportunities: 

Ǔ Tourism: Managing visitor pressure at UNESCO site Mamallapuram vs. 
opportunities at Alamparai Fort and surfing in Kovalam. 

Ǔ Fisheries: Challenges with erosion and declining catches vs. 
opportunities in modernised landing centres. 

 
Monitoring,  Evaluation, and Adaptive Management (MELAM)  
 
The Results-Based Management Framework tracks five levels: Inputs, Outputs, 
Outcomes, Impacts, and Vision. 
 
The Adaptive Management Cycle ensures policies evolve through a continuous 
loop: Assessment -> Planning -> Implementation -> Monitoring -> Evaluation -> 
Adaptive Improvement. The State Coastal Regeneration Dashboard will provide 
real-time public transparency for all performance indicators. 
 
The Roadmap to Global Leadership 
 
By 2040, the TNCRM will deliver strategic outcomes: a healthier environment, a 
globally competitive Blue Economy, and resilient, socially inclusive coastal 
communities. 
 
Closing Declaration: "Let the coast of Tamil Nadu become a living example of 
harmony between people, nature and prosperity. Let every beach restored, every 
mangrove protected, every coral reef revived and every coastal village strengthened 
become a testament to our collective responsibility. Through science, stewardship 
and shared commitment, Tamil Nadu can emerge as a beacon of sustainable coastal 
development for India and the world." 
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Fine particle air pollution (PM2.5), ozone and nitrogen dioxide are the three main 
indicators used to quantify air pollution exposures throughout the world. 
 
PM2.5 pollution comes from vehicles, residential fuel use, coal-burning power 
plants, agricultural and industrial activities, waste burning, wildfires and many other 
human and natural sources.  
 
Ground-level, or tropospheric ozone is a pollutant that harms human health, 
damages plants, and contributes to climate change. The chemicals responsible for 
the pollution are released through the burning of fossil fuels in vehicles, power 
plants, factories and homes, through industrial activities such as oil & gas extraction 
and processing.  
 
India, with 67.2 ppb (parts per billion), is the 3rd most ozone-polluted country next 
only to Qatar (67.6 ppb) and Nepal (67.5 ppb). 
 
The largest sources of nitrogen dioxide include transportation, power generation, 
and industrial activities.  
 
As far as Household Air Pollution (HAP) in India is concerned, over 10% of the 
population is exposed to HAP.  
 

According to the State of Global Air 2025 report 
 
36% of the worldõs population is exposed to levels of PM2.5 above the least 
stringent interim target of 35 micro gram/cubic meter. 
 
11% of the global population lives in areas where there are no national air quality 
standards. 
 
Low- and middle-income countries face the largest burden. 90% of all air pollution 
deaths were in these countries.  
 
7.9 million deaths were attributed to air pollution worldwide in 2023 (1 in 8 deaths 
worldwide). 
 
232 million healthy years of life lost worldwide were attributed to air pollution.  
 
Of this total, 4.9 million deaths were attributable to ambient PM2.5 exposure. 
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2.8 million were from household air pollution, and 4,70,000 deaths were from 
ozone. 
 
In 2023, dementia attributable to air pollution resulted in 6,26,000 deaths and 11.6 
million healthy years of life lost. 
 
95% of deaths in adults over the age of 60 are due to non-communicable diseases. 
 
India and China each had more than 2 million deaths attributable to air pollution in 
2023. 
 
Bangladesh, Pakistan and Nigeria each saw more than 200,000 deaths. 
 
Indonesia, Myanmar and Egypt each saw more than 100,000 deaths. 
 
Air Pollution continues to be the second leading risk factor for early death, 
surpassed only by high blood pressure. 
 
This loss of healthy life by millions of individuals undermines progress towards UN 
2030 Sustainable Development Goals and other targets aimed at elevating the quality 
of life for all humanity.  

Reference: https://www.stateofglobalair.org/resources/report/state-global-air-report-2025 

https://www.stateofglobalair.org/resources/report/state-global-air-report-2025
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Extensive Quantitative Report: Air Quality Assessment of Major Indian 
Cities (2015ð2025) 

 
An analysis of the Air Quality Index (AQI) data spanning from 2015 to November 
2025 across 11 major Indian cities reveals a critical environmental health issue: not 
a single major urban centre in India achieved consistently safe air quality 
levels during the entire decade. While the degree of pollution and longitudinal 
trends vary significantly by geographyñwith some cities displaying notable 
reductions in AQI post-2020ñevery assessed city maintained metrics that 
correspond to moderate, poor, or hazardous atmospheric conditions. 
 
Data and Scope: The quantitative data informing this assessment is derived from 
daily AQI values supplied by the Central Pollution Control Board (CPCB), 
Government of India. The study encompasses 11 metropolitan areas: Ahmedabad, 
Bengaluru, Chandigarh, Chennai, Delhi, Kolkata, Lucknow, Mumbai, Pune, 
Varanasi, and Visakhapatnam. 
 
City-Wise Quantitative Analysis (2015ð2025) 
 
Category A: The Severely Polluted Northern Corridor. The cities located in the 
Indo-Gangetic plains consistently recorded the highest and most hazardous levels 
of air pollution. 
 

Å Delhi: Delhi remained the most polluted city throughout the entire 2015ð
2025 study period. The city's mean AQI peaked at an extreme 256.37 in 
2016. Although slight improvements were recorded post-2019, its 2025 AQI 
level remains remarkably high at 180.67, falling far short of any safe threshold. 

 

Å Lucknow: Starting with an AQI of 182.01 in 2015, Lucknow saw massive 
early spikes, peaking at 227.85 in 2016 and maintaining levels near or above 
200 until 2020 (e.g., 217.33 in 2018). By 2025, the city managed a gradual 
reduction to 118.25, though this remains firmly in an unhealthy range. 

 

Å Varanasi: Varanasi experienced a dramatic shift. It  exhibited extremely 
hazardous AQI levels early in the decade, recording 197.71 in 2015 and 
peaking at 226.27 in 2016. However, the city has demonstrated significant 
improvement since 2021, driving its mean AQI down to 60.94 by November 
2025, which is among the most substantial relative decreases in the dataset. 
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Category B: Moderate-to-High  Pollution Centres. Cities in the western and 
central parts of India frequently hovered in moderate-to-poor ranges, characterised 
by distinct peaks and fluctuations. 
 

Å Ahmedabad: The city recorded its highest AQI in 2017 at 197.27. After this 
peak, Ahmedabad's AQI mostly fluctuated between 110 and 160. By 2025, 
the AQI rested at 100.73, representing a modest long-term improvement but 
still indicating unsafe air. 

 

Å Pune: Pune began the study period with a relatively high AQI of 163.60 in 
2015. It  experienced strong fluctuations but demonstrated overall 
improvement post-2020, ending at a mean AQI of 94.17 in 2025. 

 

Å Chandigarh: Evaluated from 2019 onwards, Chandigarh consistently 
exhibited moderate pollution. It  started at 138.14 in 2019, saw elevated AQI 
levels climbing to 151.76 in 2024, and subsequently decreased to 108.63 in 
2025. 

 
Category C: The "Cleaner"  Metros (That Still Fail Safe Standards) Coastal 
and southern cities generally recorded the lowest overall AQI metrics, yet none 
managed to fall into the "Good"  category reliably. 
 

Å Bengaluru: Bengaluru maintained the lowest mean AQI across all 11 cities 
throughout the decade. Its AQI remained securely between 65 and 90, starting 
at 70.48 in 2015 and ending at 71.98 in 2025. Despite being the top performer, 
these levels still exceed healthy limits. 

 

Å Chennai and Mumbai: Both coastal cities demonstrated notable 

improvements after 2020. Chennaiôs AQI fell from 113.61 in 2015 to 74.67 
by 2025. Mumbai saw a similar trajectory, dropping from 110.22 in 2015 to 
83.20 in 2025. 

 

Å Kolkata: Kolkata showed a steady, gradual decreasing trend since 2022, 
bringing its 2016 AQI of 94.94 down to 84.93 by 2025. 

 

Å Visakhapatnam: Unlike most other cities in this bracket, Visakhapatnam 
demonstrated a rising pollution trend after 2020. After dropping to 95.52 
in 2020, its AQI steadily climbed, reaching 113.47 in 2025. 
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4. Quantitative Drivers &  The Meteorological Trap: While industrial emissions, 
rapid urbanisation, and dense traffic consistently elevate baseline AQI levels across 
all regions, the severe peaks observed in northern cities are highly dependent on 
meteorology. 
 

Å The Winter Inversion Effect: During winter (DecemberðFebruary), dense, 
cold air is trapped near the earth's surface beneath warmer air, severely 
limiting the vertical dispersion of pollutants. 

 

Å Absence of Precipitation: Rain acts as a natural cleanser for the atmosphere; 
however, a stark lack of precipitation exacerbates the issue. For instance, 
Delhi recorded 0 mm of rainfall from October 1 to November 28, 2025, 
forcing seasonal smog to persist for significantly longer durations. 

 

Å Topographical Barriers: Delhi and the National Capital Region (NCR) are 
geographically bound by the Himalayas to the north, which traps regional 
pollution and severely limits wind dispersion. 

 
The decade-long quantitative data definitively proves that despite various regulatory 
measures, post-pandemic industrial shifts, and improved fuel standards, no major 
Indian city has escaped persistent air quality concerns. While cities like 
Varanasi and Chennai have successfully driven their numbers downward since 2015, 
millions of citizens remain exposed to air that routinely breaches recommended 
health thresholds. Addressing this crisis requires shifting away from short-term fixes 
toward systemic, data-driven reforms that account for both geographic realities and 
long-term emission controls. 
 
Reference:  
 
https://climatetrends.in/publication/air-quality-assessment-of-major-indian-cities-2015-2025--

693963126afd6 

 
 
 
 
 
 
 
 

https://climatetrends.in/publication/air-quality-assessment-of-major-indian-cities-2015-2025--693963126afd6
https://climatetrends.in/publication/air-quality-assessment-of-major-indian-cities-2015-2025--693963126afd6
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According to a UNICEF report, Air pollution damage starts in the womb with 
health effects that can last a lifetime. 
 
Air pollution causes damage that begins in the womb and can result in health effects 
that last a lifetime. When inhaled, pollutants can alter lung defences, enter the 
bloodstream, and penetrate deeper tissues, including the heart and brain. Children 
are uniquely vulnerable to these pollutants and should not be treated merely as "little 
adults". 
 
Pregnancy and Fetal Development: During pregnancy, both the mother and the 
developing fetus face unique physiological vulnerabilities to air pollution, which can 
stem from inefficient polluting fuels, second-hand smoke, and other sources. 
 

Å Physiological Vulnerabilities: Pregnant women inhale an increased amount 
of air per minute. Certain pollutants can cross the placenta to reach the fetus. 
Additionally, maternal exposure to air pollution causes inflammation and 
oxidative stress, which indirectly affects fetal development. This can 
negatively impact the development of the fetal respiratory, cardiovascular, 
immune, endocrine, and nervous systems. 

 

Å Impacts on Maternal Health: Exposure is linked to gestational diabetes, 
pre-eclampsia, gestational hypertension, and postpartum depression. 

 

Å Adverse Birth  Outcomes: Pollution exposure during pregnancy can lead to 
low birth weight, miscarriage, preterm birth, and stillbirth. 

 
Infancy and Childhood: Infants and children face compounding risks because 
their bodies are still forming and their behaviours increase their relative exposure to 
ground-level pollutants. 
 

Å Unique Vulnerabilities: Relative to adults, children inhale more air per 
kilogram of body weight and consequently absorb more pollutants. They are 
also less effective at filtering pollutants through their nasal passages. Because 
they live closer to the ground, they are more likely to breathe in ground-level 
pollution. Furthermore, inflammation in a child's smaller airways causes 
proportionally more blockage and air flow resistance than in an adult. 
Children also lack the ability to control their indoor and outdoor 
environments. 
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Å Physical Health Outcomes: The physical health consequences during this 
stage are severe, including pneumonia (especially in the first year of life), upper 
respiratory tract infections, and ear infections. Children may also suffer from 
congenital heart defects, childhood leukaemia, altered growth (such as 
stunting and obesity), high blood pressure, asthma, allergies, and eczema. 

 

Å Neurological Outcomes: Because the brain is still developing, pollution can 
cause neurodevelopmental disorders and impaired cognitive development, 
including autism spectrum disorders. 

 
Adolescence: The risks of air pollution do not cease after childhood, as adolescent 
bodies are still maturing and their routines often place them in high-exposure 
scenarios. 
 

Å Behavioural and Developmental Vulnerabilities: Lung function continues 
to develop well into adolescence and early adulthood (until the late teens for 
girls and early 20s for boys). Adolescents often spend significant time 
outdoors walking to school, playing sports, or engaging in activities in high-
pollution areas, typically lacking control over where organised sports are 
located. 

 

Å Long-Term Health Impacts: Continued exposure during adolescence 
contributes to upper respiratory tract infections, the development or 
exacerbation of asthma and allergies, high blood pressure, and obesity. It  also 
continues to threaten impaired cognitive development. 

 
Reference:  

 
https://www.stateofglobalair.org/resources/factsheet/how-does-air-pollution-impact-childrens-health 

 
 
 
 
 
 
 
 
 
 

https://www.stateofglobalair.org/resources/factsheet/how-does-air-pollution-impact-childrens-health
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Soil pollution, driven by industrial activities, poorly managed mining, intensive 
agrochemical usage, and improper waste disposal, acts as a silent global emergency. 
Unlike air or water pollution, which offer rapid visual or atmospheric feedback 
loops, soil acts as a long-term sink for heavy metals, persistent organic pollutants 
(POPs), and emerging contaminants like microplastics. 
 
The Food and Agriculture Organisation (FAO) and the United Nations Convention 
to Combat Desertification (UNCCD) estimate that 33% to 40% of the world's 
soils are already moderately to severely degraded or polluted. 
 

Å Financial Cost: The global economic burden of land degradation and soil 
pollution is staggering, estimated at USD 10 trillion  to USD 20 trillion  
annually due to productivity losses, biodiversity decline, and water 
contamination.  

 

Å Net Primary Productivity: Ecosystem function loss has led to a minimum 
5%$ drop in global net primary productivity, carrying an asset loss value 
between USD 6.3 trillion  and USD 10.6 trillion  per year.  

 

Å Irreversibility: Soil is effectively a finite resource. Generating just a few 
centimetres of fertile, arable topsoil takes up to 1,000 years, yet we lose an 
estimated 20 hectares of soil every minute globally to erosion and 
degradation.  

 
Contaminated soil directly compromises human nutrition by reducing crop yields 
and rendering food unsafe for consumption. 
 

Å Caloric Deficits: The loss of soil organic matter (SOM) alone is projected to 
cause a 4.3% decrease in global yields for staple crops, stripping away 
essential daily calories that could otherwise feed 640 million  people.  

 

Å Greenhouse Gas Forcing: Soil degradation and land-use changes are 
projected to release 69 gigatonnes of $CO_2$ between 2015 and 2050. This 
constitutes approximately $17\ %$ of current global annual greenhouse gas 
emissions, driving a secondary, climate-induced threat loop back into global 
agricultural yields. 

 
 



 

[129] 

 

The Lancet Commission on Pollution and Health attributes at least 9 million  
deaths annually to environmental pollution. While air and water pollution claim 
the major share of recorded direct casualties, soil acts as the core baseline 
accumulator for multiple lethal pathways. 
 
Heavy Metal Bioaccumulation 
 
Heavy metals (HMs) like Lead (Pb), Cadmium (Cd), Arsenic (As), and Mercury (Hg) 
are non-biodegradable and highly persistent in the soil matrix. They transition 
seamlessly from soil to the human food chain via plant root uptake: 
 

Å Cadmium (Cd): Chronically polluted soils (historic mining zones) trigger 
severe bone density loss and renal failure. In documented regional exposures 
(such as the Itai-itai disease hotspots in Japan), cadmium concentrations in 
local rice crops caused widespread osteoporosis and painful bone fractures.  
 

Å Lead (Pb): The Institute for Health Metrics and Evaluation (IHME) 
attributes close to 1 million  deaths per year globally to lead exposure, much 
of it entering the body through contaminated soil dust inhalation, dermal 
contact, or food crops grown near electronic waste (e-waste) dumps or 
industrial smelters. 

 
India faces severe, localised pressure from soil pollution and degradation due to high 
population densities, intensive agricultural inputs, and expanding industrial 
footprints. 
 
Macroeconomic Drag: According to World Bank evaluations, the total economic 
cost of environmental degradation in India stands at roughly INR  3.75 trillion  ($80 
billion  USD equivalent) annually. 
 
Cropland Contribution: Out of this total degradation bill, direct cropland 
degradation accounts for INR  700 billion  (~$15 billion USD) every single year, 
driven heavily by soil salinity, waterlogging, and erosion. 
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Case Study - Heavy metals in soil in Ranipet district of Tamil  Nadu 
 
Acceptable and Normal Levels of Heavy Metals in Soil. Before diving into the 
contamination found in the Ranipet industrial area, it is important to understand the 
normal, safe threshold levels for heavy metals in soils, which serve as a baseline for 
measuring pollution: 
 

Å Chromium (Cr): The normal range in soil is about 100 mg/kg, with Canadian 
environmental guidelines setting a safe limit at 64 mg/kg. 

Å Zinc (Zn): The normal threshold is 200 mg/kg. 

Å Copper (Cu): The normal safe threshold is around 30 mg/kg. 

Å Lead (Pb): A normal baseline is estimated to be 25 mg/kg, and anything 
above this suggests human-made pollution. Canadian guidelines set a limit at 
140 mg/kg. 

Å Barium (Ba): The normal range is 300 mg/kg, with a guideline limit of 500 
mg/kg. 

Å Vanadium (V): The normal threshold is 100 mg/kg. 
 
The Context: Ranipet Industrial  Area, Ranipet, a town in Tamil Nadu, is a major 
centre for leather tanning. The 90 square kilometre area is home to 400 industrial 
units, including 240 tanneries, alongside ceramic, fertiliser, and chemical plants. 
Over many years, these industriesñparticularly tanneries that extensively use 
chromium and sodium saltsñhave discharged waste and untreated liquids directly 
onto open land and into nearby lakes and streams. 
 
The Scientific Method Used to Test the Soil: To measure the extent of this 
pollution, researchers collected 49 soil samples from the top 10 cm of soil across 
the area. They used an advanced scientific tool called an X-ray fluorescence 
spectrometer (XRF) to precisely detect the concentration of various trace 
elements. 
 
To figure out if the metals were natural or human-made, they used two main 
scientific calculations: 
 

1. Index of Geoaccumulation (Igeo): This compares current metal levels in 
the soil to "pre-industrial" natural baseline levels. 
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2. Enrichment Factor (EF): This mathematical formula compares a specific 
metal against a stable reference element (like Strontium) to see if the soil is 
artificially "enriched" with toxic metals. 
 

Key Findings: The Scale of Contamination. The calculations revealed a "very 
high degree of contamination" across the region (an average Contamination Degree 
score of 51.45). The soils showed dangerous enrichments of specific heavy metals: 
 

Å Chromium (Cr) - The Biggest Threat: Chromium accounts for an 
astonishing 75% of the area's total soil contamination. While the normal level 
is 100 mg/kg, soils here averaged 501.2 mg/kg , with extreme spikes reaching 
up to 2,258.3 mg/kg . The Enrichment Factor showed "extremely high 
enrichment," proving that the massive chromium pollution is directly caused 
by tannery waste. 

 

Å Zinc (Zn): Zinc levels were also alarmingly high, averaging 329.6 mg/kg  
and reaching up to 4,540.4 mg/kg  in some spots, far exceeding the 200 
mg/kg threshold. 

 

Å Copper (Cu): With an average of 48.0 mg/kg  (reaching up to 287.2 mg/kg), 
copper showed moderate to high contamination, likely from unregulated 
waste dumps and agro-based industries. 

 

Å Lead (Pb) &  Vanadium (V): Lead averaged 45.3 mg/kg  and Vanadium 
averaged 115.0 mg/kg . Both fell into the "uncontaminated to moderately 
contaminated" categories, with elevated lead likely coming from highway 
traffic and industrial emissions. 

 

Å Barium (Ba): Averaging 343.1 mg/kg , Barium levels remained mostly 
within natural limits and the area is considered virtually uncontaminated by it. 

 
Health and Environmental Impacts: Because heavy metals like Chromium do 
not easily break down, they linger in the soil and leach into the groundwater. This 
pollution has devastated the region: 
 

Å Agriculture: Over 55,000 hectares of agricultural land in Tamil Nadu have 
been contaminated, costing thousands of farmers their livelihoods. 
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Å Water Supply: Much of the groundwater is now unusable for irrigation or 
domestic use, forcing locals to travel 4 to 5 kilometres just to find clean water. 
 

Å Human Health: High exposure to these toxic elements, particularly from 
airborne dust and contaminated water, has led to occupational diseases in the 
area, including asthma, skin diseases, and chromium ulcers. 

 
Proposed Solutions: The report strongly emphasises that this pollution must be 
stopped at the source rather than just trying to clean it up later, as cleaning is 
incredibly expensive. Key recommendations include: 
 

1. Testing and Treatment: Toxic metals must be measured and treated in 
Common Effluent Treatment Plants (CETP) before being released into the 
environment. 
 

2. Pipelines: Alternatively, dedicated pipelines should carry industrial liquids to 
safe treatment facilities away from natural water bodies. 

 

3. Soil Remediation: The most heavily contaminated surface soil must be 
physically excavated and moved to hazardous waste landfills. Additionally, 
biological solutions like bioremediation (using microbes) and phyto-remediation 
(growing specific plants that absorb metals) should be implemented to heal 
the land. 

 
Reference: 
 
https://www.academia.edu/74230127/Heavy_Metal_Distribution_and_Contamination_in_Soils_of_R
anipet_Industrial_Area_Tamil_Nadu_India 
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Soil Salinity and Sodicity 
 
Salt-affected soils are a specific group of soils that have elevated amounts of soluble 
salts (saline soils) or of exchangeable sodium (sodic soils) that adversely affect the 
growth of most plants. The technical criteria used to distinguish saline soil from 
other soils are the relatively high electrical conductivity of saturated paste extract 
(ECe >4 dS/m at 25 °C or ECe >2 dS/m, depending on the classification used), or 
relatively high content of soluble salts (TSS >0.1ð0.2%). However, the threshold of 
salinity above which a plant will suffer deleterious effects varies according to plant 
type, salt type, soil health and fertility. The technical criteria to distinguish sodic soils 
from other soils are the relatively higher sodium adsorption ratio (SAR) of >13 or 
an exchangeable sodium percentage (ESP) of >15. 
 
(Ece ð Electrical Conductivity, TSS ð Total Suspended Solids) 
 
The drivers of salinisation and sodification are both natural and human-induced 
factors. Among the drivers of primary (natural) soil salinisation and sodification are 
climate change and related phenomena (increasing aridity and freshwater scarcity, 
growing salinisation of surface and groundwater, or permafrost thawing); increasing 
sea level rise; and tsunamis. Secondary (human-induced) soil salinisation and 
sodification may result from irrigation with poor-quality water, inadequate drainage 
or irrigation methods, deforestation and removal of deep-rooted vegetation (dryland 
salinisation), excessive water pumping in coastal and inland areas, overuse of 
fertilisers, use of de-icing agents, and mining activity. 
 

In agriculture, human-induced saltȤaffected soils are a challenging medium for 
growing conventional crops and, if not properly managed, can cause substantial crop 
damage and a decrease in productivity. 
 
Groundwater is often used to supply water for irrigation. Globally, 33 per cent of 
water for irrigation comes from groundwater. Global groundwater withdrawals for 
irrigated agriculture have been continuously increasing in the twentieth and 

twentyȤfirst centuries and have increased by 19 per cent between 2010 and 2018, 
reaching 820 km3 /yr  (FAO, 2022)14. The salinisation of groundwater due to 
overexploitation of the aquifers has been reported for both coastal areas as well as 
arid and semi-arid inland areas. 
 
Insufficient drainage and saline and sodic water are the main causes of human-

induced soil salinisation in agricultural areas. Around 100 million ha, or oneȤthird of 
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all irrigated areas, suffer from inadequate drainage. Fresh water is particularly scarce 
in dry regions, so brackish groundwater and treated wastewater are increasingly used 
for irrigation in water-stressed countries. 
 
Over one billion people inhabiting coastal zones are under threat of progressive 

flooding and salinisation by the end of the twentyȤfirst century due to sea level rise. 

LowȤlying areas will become submerged, shorelines deteriorate, floods worsen, and 
estuaries and aquifers will become more saline. Many developing countries are 

especially vulnerable to sea level rise because of their lowȤlying terrain and lack of 
resources to make necessary adjustments. The most vulnerable nations are 
Bangladesh, China, Egypt, and Vietnam, all of which have substantial populations 
in deltaic coastal regions (Kulp and Strauss, 2019) 
 
Aridity  - a long-term climatic condition characterised by a severe lack of 
moisture, where water demand from potential evaporation consistently 
exceeds precipitation. 
 
Arid regions occupy around 40 percent of the land surface (Gaur and Squires, 2018). 
 
The global aridity trend models predict that by the end of the twenty-first century, 
24 to 32 per cent of the total land surface may increase in aridity under the existing 
temperature trend (Huang et al., 2016; Park et al., 2018). 
 
As much as 80 per cent of this aridification will occur in developing countries 
(Huang et al., 2016). The Special Report on Climate Change and Land of the 
Intergovernmental Panel on Climate Change (IPCC) confirms that most global and 
regional models show an increasing trend in aridity (Mirzabaev et al., 2019). 
 
India has a salt-affected area of approximately 6.727 million ha, or 2.1 percent of its 
total geographic area, of which 2.956 million ha are saline and the remaining 
3.771 million ha are sodic (Arora and Sharma, 2017). Gujarat (2.23 million ha), Uttar 
Pradesh (1.37 million ha), Maharashtra (0.61 million ha), West Bengal 
(0.44 million ha) and Rajasthan (0.38 million ha) make up about 75 percent of the 

countryôs salt-affected soils (Mandal et al., 2018).  
 

According to Shahid, Zaman and Heng (2018), 17 percent of the countryôs irrigated 
agriculture has experienced secondary salinization as a result of the use of brackish 
irrigation water. It  is difficult to find high-quality irrigation water throughout the 
country, so farmers are compelled to use a lot of brackish groundwater for irrigation 
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in order to increase the amount of food they can grow on each available hectare of 
fertile land.  
 

According to groundwater evaluations, between 32 and 84 per cent of the countryôs 
groundwater supplies are of low quality (Minhas, 1999). Due to the development of 
canal irrigation schemes without sufficient drainage systems, the cropland has 
become severely salinised. There are large salt-affected areas in a number of canal 
commands (Mandal et al., 2010).  
 
Continuous seepage from the canals has resulted in an increase in water tables, the 
movement of salts to the surface, waterlogging, the development of marshy fields, 
an increase in soil salinity, and a decrease in biodiversity. Two stark examples are 
the salinisation of roughly 0.18 million ha in the Rajasthan region within a few years 
of the introduction of irrigation projects, and the salinisation of roughly 0.37 million 
ha over the course of three decades in the Sharda Sahayak Canal Command region 
of Uttar Pradesh (Singh, 2009). The possibility of degradation is present in many 
more sites with high-quality aquifers as a result of unsustainable groundwater 
extraction. The salt affected lands in India keep growing at an annual rate of 10 
percent as a result of the installation of irrigation in new locations (Patel, Patel and 
Dave, 2011; Jamil et al., 2011). If  no preventive or ameliorative actions are taken, 
Sharma, Singh and Sharma (2015) predicted that by 2050, the salt-affected regions 
will increase from 6.74 to 16.2 million ha. 
 
Reference:  
 
(https://openknowledge.fao.org/server/api/core/bitstreams/32d3b78b-d720-4f54-9163-

70f55039dbb9/content ) 
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Scale of Problem in Tamil  Nadu - Case Study 
 
Out of Tamil Nadu's 13 million  hectares of total land, roughly 5.8 million  
hectares are used for farming. However, agriculture is severely threatened by salt-
affected soils (sodic and saline soils), which cover about 4.69 lakh hectares across 
the state.  
 
The financial and agricultural toll is heavy: the state loses 1.47 lakh tonnes of crop 
production every year, which equals a massive monetary loss of 1,378 million  
rupees. In the Tiruchirappalli district alone, there are over 18,000 hectares of salt-
affected land. 
 
Groundwater Quality Data: Extensive testing of groundwater across the state 
reveals that while 73.2% of water is of good quality, 21.1% is moderately saline 
(salty), and 5.7% is highly saline. In certain districts, the problem is worse; for 
example, in Tiruchirappalli, only 61% of the water is considered good, with the 
rest suffering from various levels of salt and alkali contamination. 
 
How Salt Levels Affect Crop Yields: Researchers tested how different crops 
survive in soils with high Exchangeable Sodium Percentages (ESP), which is a 
measure of salt/alkali severity: 
 

Å Rice: The variety 'TRY 1' is highly tolerant to salt, producing an excellent 
yield of 6,767 kg per hectare at a moderate salt level (ESP 16.5) and 
maintaining a strong 6,042 kg per hectare even at high salt levels (ESP 35). 
 

Å Pearl Millet:  This crop struggles immensely as salt increases. Yields 
plummeted from 1,841 kg per hectare in low-salt soils (ESP 8) to just 73 kg 
per hectare in extreme-salt soils (ESP 48). 

 

Å Sunflower &  Okra (Bhendi): For both crops, the safe salt limit is an ESP 
of about 13 to 16.5. If  the salt concentration reaches an ESP of 30 to 37, crop 
yields are cut exactly in half (a 50% loss). 
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Successful Soil Treatment Solutions: To fix these bad soils, two major treatments 
were tested and proven highly effective: 
 

Å Gypsum Application: Adding gypsum to the soil reduced the harsh pH 
levels from 10.0 down to 8.3, and dropped the soil salt percentage (ESP) from 
42% down to 13%. This soil recovery boosted rice yields by 1,674 to 2,300 
kg per hectare. 
 

Å Distillery Spent Wash (DSW): Applying 5 lakh litres per hectare of this 
sugar industry byproduct reduced soil pH from 10.0 to 8.3 and ESP from 
32% to 14%. It  acted as a powerful fertiliser, increasing rice yields by 1,560 to 
2,428 kg per hectare, with total yields reaching up to 5,940 kg per hectare. 
 

Smart Water Management &  Drip  Irrigation : Using limited water efficiently is 
crucial in salt-affected regions. 
 

Å Sugarcane: Using drip irrigation at an 80% evaporation rate resulted in the 
highest cane yield of 102.96 tonnes per hectare. This method used only 1,158 
mm of water compared to the 1,500 mm used in traditional flooding, 
resulting in a 22.8% water saving. 
 

Å Vegetables: Compared to traditional flooding, drip irrigation saved 38% of 
water for cluster beans, 28% for okra (bhendi) and onions, and 40% for 
cowpeas. 
 

Å Mixing  Water Sources: When good canal water is scarce, farmers can mix 1 
part good canal water with 1 part salty groundwater. Relying only on salty water 
is dangerous, as it was shown to reduce rice yields by 25%, green gram yields 
by 37%, and brinjal yields by 20%. 

 
Financial Impact on Farmers Implementing these soil and water treatments 
transformed the local economy in test areas like the Manikandam block: 
 

Å Incomes Doubled: Farmers' net income surged from Rs. 34,275 per 
hectare before reclamation to Rs. 64,500 per hectare after fixing the soil. 
 

Å Better Returns: The Return on Investment (Benefit-Cost ratio) grew from 
1.22 up to 1.95, meaning farmers made almost double their money back. 
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Å Higher  Overall Production: Total rice productivity in the area increased by 
32.26%, reaching an average of 6,080 kg per hectare. Furthermore, shifting 
to an Integrated Farming System (combining crops with poultry and fisheries) 
pushed the Return on Investment even higher to 2.36 

 
Reference:  
 
https://cssri.res.in/PSSU/Publications/AICRP/19.%20Book%202-
25%20years%20of%20Research%20at%20Trichy.pdf  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://cssri.res.in/PSSU/Publications/AICRP/19.%20Book%202-25%20years%20of%20Research%20at%20Trichy.pdf
https://cssri.res.in/PSSU/Publications/AICRP/19.%20Book%202-25%20years%20of%20Research%20at%20Trichy.pdf
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Pesticide Consumption 

 
Tamil Naduõs pesticide consumption has been increasing steadily for the past 5 
years.  
 
Agriculture relies heavily on chemical pesticides to manage pests and secure food 
supplies for a growing global population, but this intensive usage has severe 
repercussions for human health and the entire ecosystem. Pesticide 
contamination accounts for approximately 25% of global soil degradation and 
contributes to 30% of biodiversity loss in agricultural landscapes. An estimated three 
million people are poisoned annually, primarily in developing nations, highlighting 
a critical need to understand the prolonged environmental and ecological impacts 
of these chemicals. 
 
To assess pesticide pollution in Indian agroecosystems, researchers conducted a 
systematic literature search of studies published between 2012 and 2023 using 
databases like Scopus, Web of Science, and PubMed. The methodology focused on 
extracting quantitative data regarding pesticide residues in soil, surface water, and 
groundwater across various regions of India. 
 
Pesticide Usage in Indian Agriculture 
 
India is the world's fourth-largest producer of agrochemicals, with insecticides 
accounting for 65% of domestic consumption. Usage is driven by agricultural 
intensification, climate change, pest pressures, and a lack of awareness regarding 



 

[141] 

 

alternatives like Integrated Pest Management (IPM), though there is a slow but 
growing shift toward biopesticides and organic farming in some states. 
 
Indiaõs consumption of pesticides is about 0.5 kg per hectare, which is significantly 
lower than in other nations such as Japan (12 kg per hectare), Korea (6 kg per 
hectare), and the USA (4.5 Kg per hectare). Among the worldwide pesticide 

production of 2 million tons annually, Indiaôs consumption stands at a mere 3.57 %. 
In India, pesticides are applied to only 25 % of the total cultivated land, which covers 
16.7 million hectares, but this limited usage has had significant environmental 
repercussions. 
 
Classification of Pesticides  
 
Pesticides are categorised by their chemical constituents into Organochlorines 
(OC), Organophosphates (OP), and Carbamates. Organochlorines (like DDT) 
are highly bioaccumulative and persist in the environment, while Organophosphates 
and Carbamates act by inhibiting essential nervous system enzymes. They are 
additionally classified by their target organisms (e.g., herbicides, fungicides) and their 
hazard potential to humans. 
 
Environmental Fate of the Pesticides  
Only about 10% of applied pesticides reach their target, while 20-70% settle in the 
soil as persistent residues. From the soil, they leach into groundwater, run off into 
surface water, or vaporize into the atmosphere, allowing them to contaminate the 
environment globally depending on local soil traits, chemical solubility, and climatic 
conditions. 
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Pesticide Contamination in the Indian Context  
 
Despite lower per-hectare usage compared to developed nations, India faces 
widespread pesticide contamination in its soil, rivers, and groundwater. This 
persistent pollution severely threatens soil fertility, microbial biodiversity, aquatic 
ecosystems, and the safety of drinking water and agricultural food products across 
the country. 
 
Health Effects of Pesticide  
 
Human exposure through oral, dermal, or inhalation routes leads to a spectrum of 
severe health issues. Short-term exposure causes acute poisoning symptoms 
like nausea, dizziness, and respiratory distress, while long-term exposure is 
linked to various cancers, neurological damage (such as Parkinson's 
disease), endocrine disruption, birth defects, and inferti lity . 
 
Impacts of Pesticide Residues on Biodiversity  
 
Because they bioaccumulate and biomagnify up the food chain, pesticides cause 
devastating secondary poisoning to top predators and non-target species. 
Pesticide exposure has been directly linked to massive global declines in insect 
biomass, farmland birds, aquatic invertebrates, amphibians, and vital agricultural 
pollinators like honey bees. 
 
Monitoring  and Management of Pesticides  
 
Effectively addressing this pollution requires advanced analytical monitoring 
methods like GC-MS and HPLC. Management must rely on Integrated Pest 
Management (IPM),  which prioritizes biological control and biopesticides 
over chemical interventions, alongside employing bioremediation techniques to 
actively clean contaminated soil and water. 
 
Regulatory and Policy Framework India's regulatory system, guided by the 
Insecticides Act of 1968, requires urgent, holistic reforms, including stricter 
enforcement of bans on hazardous chemicals, transparent registration 
processes, and improved worker protection. Policies must provide financial and 
educational support to transition farmers toward sustainable agriculture and align 
domestic laws with international safety conventions. 
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Future Research Directions Future scientific efforts must focus on developing 
highly accurate biosensors for trace residue detection and exploring natural 
plant or microbial compounds to create safe, biodegradable pesticide 
alternatives. Furthermore, research should prioritize predictive environmental 
modeling and discovering biomarkers for the early detection of pesticide toxicity in 
humans. 
 
Reference:  
 
https://www.sciencedirect.com/science/article/pii/S2214750024001847  
 
https://chemicals.gov.in/sites/default/files/inline-files/Glance-2025_1.pdf 

 
 
The Scope of Contamination in Tamil  Nadu 
 
Extensive testing across multiple districts in Tamil Nadu has revealed severe 
contamination in both surface water (used for irrigation and drinking) and deep soil 
profiles. 
 
Surface and Irrigation  Water Pollution 
 

Å Northern Agricultural Zones (Coimbatore, Erode, Pollachi, Bhavani): 
Surface irrigation waters are heavily polluted with organophosphates. Tests 
detected Dichlorvos at 4.421 µg/ml  and Chlorpyrifos at 1.329 µg/ml . 

 

Å Thamirabarani River System: River water across Manimuthar, Tirunelveli, 
Srivaikuntam, Authoor, and Punnakayal shows alarming levels of multiple 
toxic pesticides. The most prominent is Endosulfan, found at levels up to 
34.447 Ǫg/l, alongside Aldrin (up to 2.378 Ǫg/l), Endrin, DDT, BHC, and 
Cypermethrin. 

 

Å Kanyakumari District:  Agricultural surface water here contains a hazardous 
cocktail of Organochlorine pesticides, including HCH (up to 6.99 ng/L), 
DDT (up to 7.12 ng/L), and Endosulfan. 

 
Soil Contamination 
 

Å Tiruvallur  District  (Pakkam Village): Pesticides have leached deep into the 
earth. Soil samples up to 40 cm deep showed extremely high concentrations 

https://www.sciencedirect.com/science/article/pii/S2214750024001847
https://chemicals.gov.in/sites/default/files/inline-files/Glance-2025_1.pdf
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of ǟ-endosulfan (0.6ð4.6 mg/g)  and Ǡ-endosulfan (0.3ð3.1 mg/g) , along 
with BHC, DDE, and cyfluthrin. 

 

Å South-West Coast (including  Kanyakumari): Coastal and agricultural soils 
are burdened with persistent chemicals. Tests revealed DDT  (up to 148 
ng/g) , HCH  (up to 123 ng/g) , and significant amounts of Heptachlor, 
Endrin, and Aldrin. 
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Deforestation 

From 2002 to 2025, a total of 87 Mha of humid primary forest was lost globally, 
making up 16% of total tree cover loss in the same period. The total area of humid 
primary forest decreased globally by 8.0% in this time period. 

 
From 2001 to 2025, there was a total of 540 Mha of tree cover loss globally, 

equivalent to  14% of the 2000 tree cover area, and 230 Gt of COϜ emissions. This 
does not account for gains in tree cover over the same period. 
 
From 2001 to 2025, India lost 370 kha of humid primary forest, making up 15% of 
its total tree cover loss in the same time period. Total area of humid primary forest 
in India decreased by 6.0% in this time period. 
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In 2020, India had 44 Mha of natural forest, extending over 15% of its land area. 

In 2025, it lost 140 kha of natural forest, equivalent to 63 Mt of COϜ emissions. 
 
From 2001 to 2025, India lost 2.4 Mha of tree cover, equivalent to a 7.0% of 

the 2000 tree cover area, and 1.4 Gt of COϜ emissions. 
 
From 2000 to 2020, India gained a mere 1.8 Mha of tree cover, equal to 1.0% of the 
global total. India ranks 8th in the world after Russia (37 Mha), Canada (17 Mha), 
USA (14 Mha), Brazil (8.1 Mha), China (6.7 Mha), Indonesia (4.9 Mha) and Thailand 
(1.8 Mha). 
 
(The figures are based on satellite images fetched from Google Satellite, Landsat 8 
and Sentinel 2.) 
 
In 2020, Tamil Nadu had 2.0 Mha of natural forest, extending over 15% of its land 

area. In 2025, it lost 2.8 kha of natural forest, equivalent to 860 kt of COϜ emissions. 
 
Reference:  
 
https://www.globalforestwatch.org/dashboards/global/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.globalforestwatch.org/dashboards/global/
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Organic Farming 
 
Case Study  
 

Comparative Analysis of Organic Agricultural Transitions: Sikkimôs Strategic 

Success vs. Sri Lankaôs Implementation Failures 
 
Sikkim is the only state that has been awarded 100% organic by the UNõs Food and 
Agriculture Organisation. 
 

Sikkimôs success was not a byproduct of a singular decree but the result of the 
"Sikkim Organic Mission," a meticulously phased policy alignment. The transition 
was supported by a multi-agency approach that provided socio-economic buffering 
and fiscal sustainability to farmers. 
 

Sikkimôs Institutional  Support Matrix  
 

Agency/Entity  Role in Agricultural Transition 

SIDICO  

Provision of soft loans and seed capital; management of the 

Chief Ministerôs Self-Employment Scheme to support rural 
entrepreneurship. 

Agriculture and 
Horticulture  
Departments 

Technical lead for policy implementation, rigorous organic 
certification protocols, and large-scale farmer training 
programs. 

Directorate of 
Handloom &  
Handicrafts 

Facilitating livelihood diversification by institutionalising 
traditional arts/crafts as high-value supplementary income 
sources. 

 

Technical Pillars of Sikkimôs Success: Indigenous Knowledge (ILK)  and 
Adaptation 
 

A defining characteristic of Sikkimôs transition was the integration of centuries-old 
Indigenous Local Knowledge (ILK) to counter heat stress, erratic rainfall, and 
frequent pest attacks identified in recent climate surveys. 
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Å Fertility  Management: Farmers utilised the goth (farmland cowshed) system, 
which allows for direct natural manuring of fields. This was coupled with 
systematic crop rotation to maintain soil nutrient profiles without synthetic 
dependency. 

 

Å Moisture Conservation: To mitigate the impacts of water evaporation 
during dry spells, the "mulching" process was formalisedñspecifically for 
gingerñcovering the soil to maintain hydration. 

 

Å Pest Control: The preparation of bio-fertilisers from collected animal urine 
provided a localised, low-cost substitute for synthetic pesticides, ensuring 
biological system stability. 

 

Å Mixed Farming as Risk Mitigation:  By planting a combination of banana, 
orange, ginger, and millet, farmers created a resilient agrarian ecosystem. This 
model was enhanced by planting Broom grass and Bamboo at field edges; 
these serve the dual purpose of providing fodder and economic value while 
checking soil erosion velocity during monsoons. 

 
Infrastructure and Water Security: The MGNREGA and SHG Models 
 

Sikkimôs policymakers identified water security as the foundational infrastructure for 
organic viability. With 80% of the population depending on traditional springs 
(jhoras), their "scientific rejuvenation" became a state priority. 
 

Å Revival of Springs: Under MGNREGA, the state implemented a "smaller 
digs" program to recharge underground lost springs. These trenches were 
constructed using a precise 6:4:2 ratio (length:breadth:depth) to retain 
running water and facilitate percolation into permeable ground. These springs 
have transitioned from drying assets into lifelines for the local economy. 

 

Å Community-Based Institutions:  Self-Help Groups (SHGs), the North-
East Rural Livelihoods Project (NERLP), and Capital Development Groups 
(CDGs) acted as vital intermediaries. These institutions managed the socio-
economic stress of the transition period, ensuring that the shift to organic did 
not lead to rural displacement. 
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Macroeconomic Indicators of Transition Stability 
 

Contrary to the narrative that organic transitions lead to economic collapse, Sikkimôs 
primary sector demonstrated remarkable sectoral resilience. The shift from cereal 
crops to high-value cash crops ensured that fiscal sustainability was maintained. 

Growth of Sikkimôs Primary Sector (2011ð2024) (At Current Prices in  Cr) 
 

Year Agriculture Sector GSVA (Primary) 

2011ð12 901.37 Cr 

2023ð24 (Estimate) 3,787.70 Cr 

 
Key Economic Observations:  
 
Between 2011ð12 and 2022ð23, the primary sector witnessed a Compound Annual 
Growth Rate (CAGR) of 12.66%, the fastest growth rate among all economic 
sectors in the state. This robust expansion occurred despite the complexities of 
the organic transition, proving that a phased, state-supported model can achieve 
high-value growth. 
 
Comparative Synthesis: Phased Transition vs. Abrupt Implementation 
 
The following table contrasts the strategic, institutionalized approach of Sikkim with 
the catastrophic policy abruption observed in the Sri Lankan context. 
 
Comparative Analysis: Strategic Phasing vs. Policy Abruption 
 

Sikkim (Strategic Success) Sri Lanka (Contextual Contrast) 

Phased implementation through the 
"Sikkim Organic Mission" (transition 
over a decade). 

Abrupt, overnight ban on chemical 
fertilisers without a phased withdrawal. 

Deep integration of centuries-old 
Indigenous Local Knowledge (ILK) as a 
technical substitute. 

Disregard for localised traditional 
substitutes and lack of preparation for 
farmers. 
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State-backed financial safety nets and 
livelihoods buffering 
(SIDICO/MGNREGA). 

Absence of localised adaptation 
strategies or fiscal safety nets for crop 
failure. 

Institutionalised organic certification and 
continuous farmer training. 

Rapid policy shift leading to 
agricultural disruption and lack of 
international certification. 

 
Livelihood Sustainability and Climate Resilience: The Way Forward 
 

Sikkimôs trajectory emphasises a move toward high-value organic cash crops, such 
as Large Cardamom (Badi elaichi) and ginger, using hybrid organic methods. 
This diversification, away from low-yield cereals, represents a sophisticated model 
of rural livelihood sustainability. 
 
Strategic Takeaways for Policymakers: 
 

1. Mandatory Community Participation: Success is contingent upon 
involving female-led organisations and community-based groups to foster 
local accountability. 

 

2. Ecosystem-based Adaptation: Future policies must focus on eco-friendly, 
affordable methods of monetising existing natural resources (e.g., water 
harvesting and NTFPs like bamboo) to bolster the rural economy. 

 

3. Institutionalized State Action Plans: Rural resilience must be codified 
through a "State Action Plan" that combines scientific spring rejuvenation 
with practical training to reduce climate-induced vulnerabilities. 
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Urban Tree Plantation 
 
Various schemes have been initiated on behalf of the Government of Tamil Nadu 
to promote tree growing in urban areas. Some of the important government 
schemes in this regard are 
 
Green Tamil  Nadu Mission: Launched in 2022-23, this flagship scheme of the 
Tamil Nadu Government has the objective of increasing the forest and tree cover, 
which stands at about 24% of the total land area of Tamil Nadu, to 33%. 
(www.greentnmission.com ) 
 
The mission allows citizens to procure tree samples for FREE by dialling the 
number 1800 5997 634. 
 
TBGPCCR (Tamil  Nadu Biodiversity Conservation and Greening Project for 
Climate Change Response): Increasing tree density in urban and peri-urban areas 
and strengthening biodiversity conservation are the primary objectives of these 
schemes. (https://tbgpccr.tn.gov.in)  
 
Tamil  Nadu Climate Change Mission: This scheme is also one of the flagship 
programs of the Government of Tamil Nadu. It  is being implemented by 
incorporating greening activities with the aim of mitigating the adverse effects of 
climate change. (https://tnclimatechangemission.in) 
 
The GoTN has formulated certain processes for urban tree plantation that include  
 

Å Selection and preparation of nursery site, 

Å Selection of seedling bags, preparation of soil mixture 

Å Seed selection and seed treatment methods 

Å Sowing methods 

Å Methods of transferring germinated seeds to bags filled with soil mixture 

Å Care after transplanting from mother bed to bags 

Å Watering and maintenance 

Å Disease and pest control 

Å Preparing saplings before planting 

Å Site selection for planting 

Å Soil testing and preparation 

Å Pit sizes and digging 

http://www.greentnmission.com/
https://tbgpccr.tn.gov.in/
https://tnclimatechangemission.in/
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Å Preparation of soil mixture and other additives 

Å Planting methods and techniques 

Å Support structures and protection of saplings 

Å Watering methods post-planting 

Å Fertilisation and nutrition management  

Å Weed control and soil maintenance 

Å Pruning and shaping 

Å Disease and pest attack management  

Å Long-term planned maintenance  
 
It  has also listed the list of tree species that are best fit for Tamil Nadu. 
 

Suitable for Urban Large 
Roadsides 

Suitable for Urban Small 
Roadsides 

Neem (Veembu) 
 
Indian Beech (Pungan) 
 
Siris (Vaagai) 
 
Scholar Tree (Ezhalaippaalai) 
 
Pink Cassia (Karungondrai) 
 
Sacred Fig (Arasu) 
 
Bullet Wood (Magizham) 
 
Alexandrian Laurel (Punnai) 
 
Cannonball Tree (Naagalingam) 
 
Sausage Tree (Siva Kundalam) etc. 

Custard Apple (Seetha) 
 
White Cedar (Thulukaani Veembu) 
 
Guava (Koyya) 
 
Indian Beech (Pungan) 
 
Amla (Nelli) 
 
Sea Hibiscus (Aathuvaari) 
 
Bullet Wood (Magizham) 
 
Bael (Vilvam) 
 
Purple Bauhinia (Mandhaarai) 
 
Indian Cork Tree (Maramalli) etc. 

 
 
 



 

[153] 

 

Flowering Tree Species Suitable for 
Urban Parks 

Tree Species Suitable for Birds in 
Urban Areas 

Golden Shower Tree (Sarakkondrai) 
 
Bullet Wood (Magizham) 
 
Peacock Flower (Mayil Kondrai) 
 
Purple Bauhinia (Mandhaarai) 
 
Hong Kong Orchid Tree (Aathi) 
 
White Marajah (Kal Ichi) 
 
Sandalwood (Santhanam) 
 
Portia Tree (Poovarasu) 
 
Neem (Veembu) 
 
Indian Cork Tree (Maramalli)  

Jamun (Naaval) 
 
Jujube (Ilanthai) 
 
Sacred Fig (Arasu) 
 
Amla (Nelli) 
 
Banyan (Aal) 
 
Sulundu 
 
Flame of the Forest (Purasu) 
 
Bamboo (Moongil) 
 
Gmelina (Kumizh) 
 
Guava (Koyya)  

 
Tree Species Suitable for Agricultural Lands in Urban Areas:  
 
Malabar Neem (Malai Veembu) 
Kadamba (Kadambu) 
Mango (Maa) 
Mahogany (Mahagani) 
Neem (Veembu) 
Teak (Theeku) 
Bamboo (Moongil) 
Amla (Nelli) 
Jackfruit (Pala) 
 
Reference 
 
https://res.cloudinary.com/djgk7xrmf/raw/upload/v1766083556/tn-
forest/publications/jluq4yeblyurkj71e0h0.pdf 
https://tbgpccr.tn.gov.in/bgpccr_api/uploads/pdfs/TBGPCCR_UTP_Manual.pdf  

https://res.cloudinary.com/djgk7xrmf/raw/upload/v1766083556/tn-forest/publications/jluq4yeblyurkj71e0h0.pdf
https://res.cloudinary.com/djgk7xrmf/raw/upload/v1766083556/tn-forest/publications/jluq4yeblyurkj71e0h0.pdf
https://tbgpccr.tn.gov.in/bgpccr_api/uploads/pdfs/TBGPCCR_UTP_Manual.pdf
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Tree Outside Forest  
 

World Health Organisation (WHO) recommended that every city needs to provide 
a minimum of 9 square metres of urban green space for each person, provided 
that it should be accessible, safe and functional. 

WHO also suggest that an ideal amount of urban green space can be generously 
provided with 50 square meters/person (FAO, 2021). 
 

Green Space: Chennai ð 0.81 sq m & Pune ð 1.40 sq m. ñUrban Regional 
Development Plans Formulation and Implementation (URDPFI), Ministry of 
Housing and Urban Affairs, Government of India guidelines, 2014 recommend 10 
to 12 sq.mt. open space/personó 
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Tree Species tolerant to Sox (Sulphur Oxides) 

Tree Species tolerant to Nox (Nitrous  Oxides) 
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Tree Species tolerant to PM2.5/PM10 (Dust) 

Tree Species tolerant to sewage/effluent pollution 
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Trees suitable for Carbon Sequestration in Urban Areas 

Humans consume about 550 litres of pure oxygen per day. One big tree provides a 
dayõs supply of oxygen for four people. 
 
Economic value with respect to oxygen production of one healthy tree is 
approximately Rs 23,72,50,000 per year. 
 
Tree Plantation with Oxygen capacity 
 

1. Ficus benghalensis ( ) (34 tonnes/ ha/yr ) 

2. Azadirachta indica ( ) (33 tonnes / ha/yr) 

3. Ficus religiosa ( ) (30 tonnes / ha/yr) 

4. Terminalia arjuna (  ) (28 tonnes / ha/yr ) 

5. Aegle marmelos ( ) (28 tonnes / ha/yr ) 
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Growth of Farm Forestry and Agroforestry in India ð ITC  Case Study 
 
Context and Regulatory Shift 
 

Å Policy Catalyst: The National Forest Policy (NFP) 1988 shifted focus toward 
conserving natural forests and mandated that wood-based industries could no 
longer rely on state forests for raw materials.  

 

Å Industry-Farmer Collaboration: The NFP 1988 explicitly recommended 
that industrial raw material requirements should be raised by industries 
collaborating directly with farmers and private entities. This prompted ITC to 
actively enable and encourage tree growing on agricultural lands.  
 

Å Industrial  Raw Material Transformation: The broader impact of this shift 
across the industry was massive: by 2013, Indian pulp mills sourced only 13% 
of their wood from natural forests, compared to a staggering 90% in 1990.  

 
Technological and Operational Interventions 
 

Å Tree Improvement Programme (TIP): Launched by ITC in 1989, TIP 
focused on genetic improvements to create site-specific, high-yielding, and 
disease-resistant planting stock. Over a 10-year development period, ITC 
successfully stabilised and transferred "ITC/Bhadrachalam clones" to the 
field, comprising 107 clones of Eucalyptus, 12 of Subabul, and 15 of 
Casuarina.  

 

Å Productivity Breakthrough: The introduction of these clonal plantations 
yielded a 400% increase in productivity compared to the traditional seed-
based plantations previously available.  

 

Å Scalability &  Footprint: Between 2001 and 2015, ITC single-handedly raised 
over 2,50,000 hectares of farm forestry plantations across Telangana, Andhra 
Pradesh, Madhya Pradesh, Uttar Pradesh, and Karnataka. This stands as one 
of the largest single-agency interventions in Trees Outside Forests (TOF) in 
India.  
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Å National Context: Across the wider paper industry, the Indian Paper 
Manufacturers Association (IPMA) estimated that 7,40,000 hectares of 
plantations were raised in various pulp and paper mill catchments between 
2001ð02 and 2014ð15, with private and government nurseries supporting an 
equal volume of land outside reported catchments.  

 
Structural Comparison: Farm Forestry vs. Agroforestry 
 
The case study delineates the structural differences between these two land-use 
systems: 
 

Å Farm Forestry: Involves growing tree species exclusively in blocks within 
agricultural or farm lands, meaning the crop composition consists entirely of 
trees.  

 

Å Agroforestry: A mixed-crop system where trees are grown alongside suitable 
agricultural crops on a wider spacing framework or along farm bunds. In a 
broader context, agroforestry functions as a strategic model or subset of farm 
forestry.  

 
 
 
 
 



 

[160] 

 

The ITC  Intercropping Agroforestry Model 
 
ITC developed and validated a highly profitable mixed-crop model alongside the 
Central Research Institute for Dryland Agriculture (CRIDA), primarily deployed in 
Telangana, Andhra Pradesh, Uttar Pradesh, Punjab, and Haryana. 
 

Å Spatial Design: In Andhra Pradesh and Telangana, the Eucalyptus-based 
model uses a paired-row system spaced at 1.5m x 1.0m. Each pair of rows is 
separated by an 8.5m strip for crops.  

 

Å Land and Density Equivalence: This configuration accommodates 2,000 
trees/ha, which matches the tree density of a traditional block plantation (3m 
x 1.5m). The land allocation is split into a 25:75 ratio (25% for trees and 75% 
for agricultural crops).  

 

Å Alternative Designs: For Poplar trees in northern states (Punjab, Haryana, 
UP), a layout of 5m x 4m is utilised, while other variations plant trees on 
bunds at 2m intervals.  

 

Å Economic Advantages: Agricultural crops (e.g., mustard, maize, cotton, 
wheat, pulses) provide annual income, while the trees are harvested every 4 
years. This staggered revenue mitigates total crop failure risks from droughts, 
floods, or pests.  
 
Overall, this model improves land profitability  by 60ð70% over a 4-year 
cycle compared to utilising the land solely for monoculture trees or annual 
crops. Consequently, agroforestry adoption in AP and Telangana surged from 
500 ha/annum in 2011 to roughly 7,000 ha/annum in 2016.  
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Growth Drivers vs. Inhibiting  Factors 
 
The success of farm forestry is heavily dictated by state-level regulatory policies and 
ecological limitations. 
 

Growth Drivers 
(e.g., AP, 
Telangana) 

Inhibiting  Factors /  Constraints 

Regulatory 
Simplification: 
Streamlined laws 
regarding tree felling 
and transit 
restrictions. 

Restrictive Bureaucracy: In Madhya Pradesh, 
Chhattisgarh, and Jharkhand, field-level failures to ease 
felling and transit permissions severely slowed growth. 

Land Assets: 
Availability of viable 
land holding sizes 
with good soil 
quality. 

Geographic Constraints: Large contiguous tracts of 
forests and rocky areas in central states restricted deep soil 
availability (minimum 1 meter depth required). 

High  Enterprise 
Levels: Active, 
commercially driven 
farmer participation 
due to strong farm 
gate prices. 

Anti-Competitive Protectionism: Tamil Nadu banned 
exporting felled/debarked Eucalyptus out of the state to 
protect local industries, driving farm-gate prices 20ð25% 
lower than in neighbouring states and stifling local supply. 

Robust Industrial  
Demand: Market-
driven wood supply 
networks looking for 
reliable industrial 
logs. 

Negative Environmental Perceptions: Misconceptions 
about Eucalyptus depleting groundwater caused negative 
planting trends in Karnataka, culminating in a state ban, 
despite National Green Tribunal (NGT) rulings proving it 
consumes less water per biomass unit than many alternative 
crops. 
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Environmental and Climate Benefits 
 

Å Carbon Sequestration Metrics: Farm forestry helps recharge groundwater, 
prevents in situ soil erosion, enriches soil through leaf litter, and captures 
carbon. In 2009, ITC registered a 3,070-hectare plantation in Khammam 
(Telangana) as a Clean Development Mechanism (CDM) reforestation project 
under the UNFCCC Kyoto Protocol. By December 2012, this single initiative 
secured 4,03,610 Certified Emission Reduction (CER) carbon credits for 
the 2001ð2009 period.  

 

Å Corporate Scale: An independent audit by Ernst & Young LLP confirmed 
that ITC's total farm forestry network (spanning 225,000 ha) sequestered 5.12 
million  tonnes of Carbon Dioxide during the 2015ð16 assessment year 
alone. 

 

Å Forest Certification: Farmers in Telangana and Odisha have adopted 
voluntary forest certification, benchmarking their management against global 
legal/statutory standards, giving their timber a premium "niche value" in 
global markets.  

 
Reference:  
 
https://moef.gov.in/uploads/2019/04/EXPERT-COMMITTEE-REPORT-ON-TOF-
18112018_0.pdf  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://moef.gov.in/uploads/2019/04/EXPERT-COMMITTEE-REPORT-ON-TOF-18112018_0.pdf
https://moef.gov.in/uploads/2019/04/EXPERT-COMMITTEE-REPORT-ON-TOF-18112018_0.pdf
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Case Study 2: Growth of Agroforestry in Haryana 
 
Introduction  and Historical  Context 
 

Å Geographic and Climatic Profile: Haryana is a small north Indian state 
exhibiting varied climate zones, ranging from moist sub-tropical in the north 
to arid zones in the south. 

 

Å Agrarian Dominance: More than 80% of Haryana's land area is under active 
agricultural cultivation.  

 

Å Initial  Deficit:  Carved out of Punjab in 1966, the state initially suffered from 
a severe lack of natural forest resources. Early afforestation drives 
concentrated primarily on state-managed strip lands alongside roads, canals, 
railways, and institutional properties to fulfil basic needs for fuel, timber, and 
fodder.  

 
Evolution of Social and Farm Forestry 
 

Å Shift in Strategy: Early departmental activities failed to gain traction when 
they only provided technical advice and plants. A breakthrough happened in 
the early 1970s via the "Crash Scheme for Rural Employment," where the 
forest department assumed full financial and operational responsibility for 
planting trees on private farmlands at zero cost to the owner.  

 

Å Externally Aided Influx:  To scale up non-forest land resources, the state 
deployed consecutive foreign-funded programs:  

 

Ǔ Social Forestry Project (1982ð91): Supported by the World Bank.  

Ǔ Aravalli Project (1992ð99): Supported by the European Union.  

Ǔ Haryana Community Forestry Project (1998ð08): Supported by the 
European Union.  

Ǔ Integrated Natural Resource Development Project (2004ð11): Supported by 
JICA.  

 

Å Modern Planting Paradigm: Historically, 75% of state efforts relied on 
distributing free saplings, which suffered from low survival rates. In 2012ð13, 
the department restructured its strategy to handle the physical planting itself. 
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Small and marginal farmers receive clonal Eucalyptus planting free of charge, 
with broader state-funded planting expanded into waterlogged zones and 
highway pollution control buffers. Plantations on non-forest lands now make 
up 60% of all forestry activities in Haryana.  

 
The Enabling Regulatory Environment 
 
The unparalleled boom of agroforestry in Haryana is fundamentally attributed to a 
highly progressive, hands-off regulatory ecosystem: 
 

Å Exemption from Felling Permits: The state maintains zero restrictions on 
tree cutting on non-forest lands, except within the ecological zones of the 
Shiwalik and Aravalli hills governed under the Punjab Land Preservation Act 
(PLPA) 1900. Even within these PLPA zones, government notifications in 
1997 and 2011 explicitly exempted heavily grown agroforestry species, 
including Eucalyptus, Poplar, Ailanthus, Amrood, Bakain, and Bamboo.  

 

Å Absence of Transit Rules: Since its birth in 1966, Haryana has never 
enforced Timber Transit Rules. Farmers enjoy complete freedom to transport 
and sell wood across the state without administrative checkpoints, drawing 
large volumes of trade to competitive hubs like Yamunanagar.  

 

Å Agricultural Produce Classification: On March 4, 2008, under the Punjab 
Agriculture Produce Marketing Act 1961, the state officially designated Poplar 
and Eucalyptus wood as "agricultural produce". This allowed the government 
to legally collect marketing fees on sales, integrating timber into mainstream 
agricultural trading.  

 

Å Unrestricted Industrial  Growth: Prior to Supreme Court regularisations in 
2002, Haryana imposed no barriers on setting up Wood-Based Industries 
(WBIs), allowing a massive market network to establish organically.  

 
Exponential Wood Production Data 
 
Collaborative extensions between the Haryana Forest Department, the Forest 
Research Institute (FRI), and WIMCO successfully popularised high-yielding 
varieties of Poplar and Eucalyptus. This research shortened harvest cycles and 
dramatically increased multi-cropping profitability. 
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The growth trajectory of wood production is detailed below: 
 

Å 1985ð86: 13 Lakh cubic meters  

Å 1993ð94: 16 Lakh cubic meters 

Å 2006ð07: 22 Lakh cubic meters 
 
The Non-Forest Land Pivot: Out of the 22 lakh cubic meters estimated by the 
Central Empowered Committee of the Supreme Court, natural state forests 
produced a meagre 1.5 lakh cubic meters. The remaining 20.5 lakh cubic meters 
came entirely from non-forest lands, outproducing state reserves 14 to 1. 
 

Å Land Cover Breakdown: Haryanaôs Forest and Tree Cover (FTC) sits at 
6.6% of its total geographical territory. Natural forests comprise only 1.7%, 
while Trees Outside Forests (TOF) span the remaining 4.9%. Within TOF, 
strip forests (roads, canals, rails) managed by the department account for 
1.8%, while private farmland plantations span 3.1% of the state's total area.  

 

Å Note on FSI Discrepancies: The report critiques a temporary dip in wood 
production reported by the Forest Survey of India (FSI) in ISFR-2017, 
attributing it to inadequate field sampling sizes that fail to reflect the state's 
true timber output.  

 
Socio-Economic Impact and the Yamunanagar Hub  
 

Å The Ultimate Timber Market: Yamunanagar has grown into India's largest 
trading hub for farm-grown wood. During 2002ð03, the market recorded 
transaction volumes worth Rs. 1,000 crore, ensuring that at least Rs. 500 crore 
flowed directly back into the rural agrarian economy to tree growers.  

 

Å Regional Supply Magnet: During 2005ð06, local state farms supplied 9.3 
lakh tonnes of wood, while neighbouring states supplied an additional 16.9 
lakh tonnes to satisfy Yamunanagar's industrial demand.  

 

Å Industrial  Concentration: Following the Supreme Courtôs 1996 closure 
orders on wood industries in the North-Eastern region, hundreds of plywood, 
veneer, and saw mills migrated to Yamunanagar due to its reliable timber 
supply.  
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The structural evolution of Haryana's Wood-Based Industries highlights this 
massive growth: 
 

Year 
Plywood &  Veneer 

Mills  
Sawmills &  Others 

Total Industrial  
Units 

1990 55 1,109 1,164 

1994 117 1,681 1,798 

2006 679 4,407 5,086 

 

Å Employment and Revenue Value: The downstream value of products 
manufactured from farm wood stands at approximately Rs. 3,000 crore. The 
sector provides direct livelihoods to 100,000 workers, generating roughly Rs. 
900 crore in annual wages (calculated at a baseline rate of Rs. 300/day) 
alongside substantial tax revenues. Today, Yamunanagar manufactures 50% 
of India's total plywood, earning it the title of the "Plywood Capital of the 
country" .  
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Inputs from Thiru  R.R. Rajasekar avl, Retd Forest Officer (GoTN)  
 
He outlines his lifelong commitment to large-scale tree planting, community-led 
afforestation models, scientific soil-tree matching, public policy navigation, and 
protecting rural farming communities from predatory agro-forestry scams. 
 
His efforts range from orchestrating massive local planting drives to co-founding 
grassroots movements such as Dindimavanam, a volunteer-driven project that 
successfully planted 5 million (50 lakh) trees across the Dindigul district of Tamil 
Nadu. 
 
Career Journey &  Societal Perception 
 
He notes that early in his life, rural and familial expectations heavily favoured formal 
government uniform roles (such as police, military, or forest guards) over academic 
pursuits. Driven by a passion for nature, he cleared the Service Commission, joined 
the Forest Department, and served until his retirement in 2012. 
 
Key Honours and Recognition 
 
Over his distinguished service, he received several prestigious accolades for his 
contributions to forestry and environmental conservation: 
 

Å Tamil  Nadu Chief Ministerôs Award for Forestry: Awarded in recognition 
of outstanding regional afforestation and public service. 
 

Å Indira Priyadarshini Vrikshamitra Award: Received Indiaôs highest 
national honour for tree plantation and environmental conservation, awarded 
to him and his forest wing. 

 
Post-Retirement Activities 
 
Following his retirement in 2012, he transitioned into full-time writing, guest 
lecturing, and agro-forestry consulting: 
 

Å Academic Guest Lecturer: Conducts technical training modules for Forest 
Guards, Watchers, and field staff at the Forest Training College in Vaigai 
Dam. 
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Å Public Outreach &  Journalism: Authored weekly and monthly columns in 
prominent Tamil publications, including Junior Vikatan (JuVi), Pasumai 
Vikatan, Kumudam, and Dinamalar. 

 
Major Afforestation Initiatives &  Community Models 

gle-Day Planting Model 
He highlights practical field execution through an initiative near the Siruvathur 
Kammai (water tank) in Dindigul district. In a single day, he coordinated the digging, 
alignment, marking, and planting of 200 trees along public road margins. He 
emphasises that while planting brings immediate action, observing mature, thriving 
trees years later provides profound "soul satisfaction" that far exceeds initial efforts. 
 
Project Dindimavanam 
 
A cornerstone of his public work is Dindimavanam, an initiative aimed at 
transforming the green cover of Dindigul district: 
 

Å Scale: Successfully planted 50 lakh trees across private lands, school 
campuses, government offices, railway line margins, four-lane highways, and 
tank bunds. 
 

Å Organisational Structure: Designed as a unique, non-hierarchical volunteer 
movement. The initiative consciously operated without a formal President, 
Secretary, or bureaucratic leadership. 
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Å Role of Thiru  Rajaseharan: Served as the chief technical consultant, guiding 
species selection, land mapping, pit preparation, and post-plantation care. 
 

Å Collaboration: Engaged industrial leaders (e.g., Eden College management), 
college professors, lecturers, local administration (including former District 
Collector Vinay), and local youth volunteers. 

 
Silvicultural Insights &  Soil-Tree Matching 
 
He stresses that successful forestry relies on strict technical discipline: matching 
the right tree species to the specific soil and climatic conditions. 
 

Soil Type 
Recommended Tree 

Species 
Key Silvicultural Attributes 

Red Soil (Red 
Clay) 

Mahogany, Teak, Red 
Sanders (Red Sandalwood) 

Optimal drainage; supports high-
value commercial timber growth. 

Black Cotton 
Soil 

Neem (Vembamaram) 
Highly resilient, deep-rooting, 
thrives in heavy clay retention 

soils. 

Heavy Clay /  
Poor Drainage 

Vaagai (Albizia), Naval 
(Jamun) 

Tolerates waterlogging and poor 
aeration. 

Stony /  
Gravelly Soil 

Red Sanders 
(Sevvasandhanam) 

Extremely hardy; develops deep 
taproots in rocky terrain. 

 
Classification of Trees by Rotation Period 
 
He categorises commercial and ecological timber into distinct operational 
timeframes: 
 

1. Short Rotation (4ð6 Years): Species like Casuarina (Savukku) and 
Eucalyptus (Thailam). Ideal for quick paper-pulp and pole returns. 
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2. Medium Rotation (12ð15 Years): Species like Teak (Thekku), Gamhar 
(Kumil), and Melia dubia (Malai Vembu). Offers substantial commercial returns 
for farm forestry. 
 

3. Long Rotation (20+ Years): High-value hardwoods like Rosewood (Eeti) 
and Red Sanders (Sevvasandhanam). 

 
Key Tree Species &  Their Value Propositions 
 
1. Red Sanders (Pterocarpus santalinus /  Sevvasandhanam) 
 

Å Value &  Utility:  Highly prized commercial wood with significant 
international demand (particularly in Japan and South Korea). Historically 
used for traditional wooden toys (Marapachi), as the natural wood essence 
offers medicinal properties. 

Å Health &  Industrial Properties: Known for radiation-shielding qualities, 
cardioprotective properties, and balancing blood sugar levels (traditionally 
used as drinking tumblers). 

 
2. Melia dubia (Malai Vembu) 

 

Å Impact: He pioneered public awareness for Melia dubia through popular 
articles in Pasumai Vikatan over a decade ago, leading to widespread 
adoption across Tamil Nadu. 

Å Economics: Fast-growing timber with established market tie-ups (e.g., 

plywood industries in Pollachi purchasing wood at rates around 8,000 per 
ton). 
 

3. Pungan (Pongamia pinnata) 
 

Å Ecological Benefits: Provides dense, cooling shade superior to artificial 
cooling. Speaker 1 humorously notes in public speeches that "the shade of a 
Pungan tree rivals the lap of a spouse" in offering deep, restful comfort. 
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Farmer Protection, Advocacy, and Media Engagement 
 
Exposing Agro-Forestry Scams 
 
He voices actively for protection of vulnerable farmers against predatory nursery 
scams and fraudulent cultivation schemes: 
 

Å Agarwood (Agaramaram) Scam: Fraudulent agents promoted Agarwood 
as a quick fortune. He published warning articles titled "Ushaar Aiya Ushaar, 
Agar Maram Ushaar" ("Beware Sir, Beware of Agarwood"), pointing out that 
Tamil Nadu's climate lacks the required fungal/environmental conditions 
for agar resin formation. 
 

Å Historical  Schemes: Highlighted past failures like unregulated Jatropha 
(Kattamanakku), Vanilla, and Emu farming schemes that bankrupted farmers 
due to non-existent supply chains and false market promises. 

 
Media Contributions 
 
He authored two major educational article series: 
 

1. " Vaazhga Maram, Valarga Panam" (Long Live Trees, Let Money Grow): 
Focused on commercial agro-forestry, market linkages, and revenue 
generation for farmers. 
 

2. "Maram  Seya Virumbu"  (Desire to Plant Trees): Focused on social, sacred, 
and ecological trees (e.g., Peepal/Arasa Maram, Banyan/Aala Maram, 
Illuppai, Usil) that benefit community ecosystem health. 

 
Corporate Consultancy (Murugappa Group) 
 
Collaborated with corporate entities like the Murugappa Group (BSA Cycles, 
fertilisers) to drive CSR agro-forestry projects across Sivagangai and Pudukkottai 
districts. He conducted site-specific land assessments, recommended suitable soil 
species, guided pit enrichment using bio-fertilisers (Azospirillum, Phosphobacteria), 
taught proper pruning techniques (kavaathu), and established direct market linkages 
for farmers. 
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Government Policy, Regulatory Relief, and Execution Strategy 
 
Tree Cultivation in Private Lands Program (TCPN)  
 
He outlines how farmers can leverage existing government schemes through District 
Forest Extension Centres (located within District Collectorates): 
 

Å Free Sapling Allocation: Under the TCPN scheme, farmers providing basic 
land documentation (Chitta/Adangal) are eligible for 200 free saplings per 
acre (up to 5 acres, totalling 1,000 saplings). 
 

Å Survival Incentives: The government provides a post-plantation survival 
maintenance grant after the first year if the farmer maintains an 80%+ survival 
rate. 

 
Legal Reform: Timber Transit Rules Exemption 
 
He highlights a critical regulatory relief for tree farmers: 36 timber species have 
been exempted from Timber Transit Rules in Tamil Nadu. Farmers no longer 
require cumbersome felling permits or transit passes from the Forest Department 
to harvest and transport these specific trees, protecting them from administrative 
delays and harassment. 
 
Recommended Roadmap for 50-Lakh Tree Plantation Drive 
 
To execute a large-scale statewide target of planting 5 million trees, he recommends 
the following step-by-step strategy: 
 

1. District -Level Mobilisation: Organise pre-plantation workshops for 
progressive farmers in each district to assess local soil types and present 
market-linked tree models. 
 

2. Decentralised Nursery Production: Establish dedicated nurseries 6 to 12 
months in advance using certified mother-tree stock, as saplings cannot be 
arranged overnight. 
 

3. 3-Year Maintenance Protocol: Allocate resources not just for planting, but 
for a strict 3-year follow-up regimen including watering, bio-fertilisation, 
weeding, and pruning. 
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4. Integration with Government Schemes: Partner with local Forest 
Extension Officers to utilise TCPN quotas and government land allocations 
along highways, schools, and waterbody margins. 

 

Phase /  Pillar Key Objectives &  Action Items 

1. District  Capacity 
Building  

Å Organise regional farmer meetings. 
 

Å Replicate successful models like "Vanathukkul 
Tiruppur" and "Kadambavanam". 

2. Scientific Nursery 
Preparation 

Å Establish dedicated decentralised nurseries 6ð12 
months prior to planting. 

 
Å Ensure high-quality mother-tree seed stock 

(polythene bags). 

3. Mandatory 3-Year 
Post-Care 

Å Year 1: Watering and curing. 
 

Å Year 2: Pruning (Kavaathu) & bio-fertilisation. 
 

Å Year 3: Final establishment check. 
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Vanathukkul Tiruppur  - Case Study 
 
The "Vanathukkul Tirupur" initiative is a massive, citizen-led tree plantation and 
ecological restoration project situated in the industrial hub of Tiruppur District, 
Tamil Nadu. Conceptualised as a tribute to the late Dr A.P.J. Abdul Kalam, the 
project is spearheaded by the voluntary organisation VETRY, founded by Mr T. R. 
Sivaram. A comprehensive Ecological Impact Survey Report was published on 
27.02.2021 by the Siddharth Foundation to scientifically assess the environmental 
and biodiversity impacts of this greening movement. 
 
Scope and Scale of Afforestation  
 
The initiative represents a highly successful model of community-driven 
environmental conservation. 
 

Å Mass Plantation: Over a span of six years, the project successfully planted 
and maintained over 10 lakh trees. By August 2020, 8.5 lakh native trees had 
already been planted. 
 

Å Land Coverage: The trees were planted free of cost on the barren lands of 
private farmers, successfully establishing green cover across 1,598 acres. 
 

Å Demographic Milestone: By crossing the one million tree mark within a 
district population of 30 lakh, the project achieved a remarkable ratio of one 
tree for every third person living in Tiruppur . 
 

Ecological Restoration and Biodiversity Augmentation  
 
The strategic selection of native tree species has transformed barren agricultural 
lands into thriving, heterogeneous habitats, leading to a massive recovery of native 
flora and fauna. 
 

Å Flora Diversity: The afforested areas now support 241 species of flowering 
plants. A testament to the project's ecological success is natural regeneration: 
while VETRY initially planted only 48 tree species, natural seed dispersal has 
resulted in 72 tree species currently thriving in the area. The ground 
vegetation profile consists primarily of herbs (69%) and grasses (21%), 
followed by climbers (8%) and saplings (2%). The most highly abundant flora 
species are Aristida setacea and Cenchrus ciliaris (grass varieties). 
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Å Avifauna (Birds): The habitats support 79 species of birds. The bird 
population is highly diverse in its feeding habits, playing a crucial role in pest 
control and seed dispersal. The dietary breakdown includes Insectivores 
(54%), Granivores (15%), Carnivores (10%), Frugivores (9%), Omnivores 
(8%), and Nectarivores (4%). The vast majority of these birds belong to the 
order Passeriformes (61%). Prominent species observed include the Yellow-
billed babbler and Common myna. 
 

Å Lepidoptera (Butterflies): The survey documented 65 species of 
butterflies. The dominant families are Nymphalidae (32%), Pieridae (26%), 
and Lycaenidae (25%), alongside Hesperiidae (9%) and Papilionidae (8%). 
The most abundant species are the Grass Jewel, Common Grass Yellow, and 
Danaid Egg Fly. Importantly, ecological tracking shows a very strong positive 
correlation (0.937), indicating that the mean number of butterfly species 
increases steadily alongside the years of plantation growth. 
 

Å Arachnids (Spiders): The micro-habitats host 41 species of spiders. The 
most prevalent spider families are Araneidae (29%) and Salticidae (22%), 
followed by Lycosidae (12%). 

 
Environmental and Climate Impact 
 

Å Carbon Sequestration: Trees are approximately 50 per cent carbon by 
weight. Data projections highlight that the Vanathukkul Tirupur project has 
already sequestered more than 140 tonnes of carbon, combating climate 
change and providing clean air to the industrial city. 
 

Å Trees Outside Forests (TOF):  The initiative is a prime example of 
developing "Trees Outside Forests," an essential component of sustainable 
development. This green infrastructure directly impacts environmental 
variables by reducing ambient temperature, improving soil fertility,  and 
moderating the local climate. 

 
Socio-Economic and Community Benefits 
 

Å Synergy of Industry and Conservation: Environment and industry are 
often viewed as divergent goals, but Vanathukkul Tirupur proves they can 
exist synergistically. The project united industrialists, NGOs, volunteers, 
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government officials, and common citizens, instilling a profound sense of 
ownership across the community. 

 

Å Public Wellbeing: Urban green spaces are a necessary feature of healthy 
human settlements. The citizen forests created by VETRY provide the 
residents of Tiruppur with crucial opportunities for nature exposure, stress 
reduction, and a healthy living ambience, while significantly reducing urban 
air pollution and noise. 

 
Policy Alignment and Conclusion  
 
The scientific assessment of Vanathukkul Tirupur proves that voluntary citizen 
action can play a tremendous role in achieving national policy targets. The initiative 
directly supports the Indian Forest Policy of 1988, which envisions a minimum of 
one-third of the country's total land area under tree cover, and aligns with national 
pledges under the Paris Climate Accord to increase green cover by 2030. 
Ultimately, the project stands as the state's first successful model for large-scale, 
citizen-participatory afforestation on public and private lands. 
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Solid Waste Management 
 
Comparison of TNPCB Annual Reports (2020ð21 vs. 2024ð25) on solid waste 
management 
 
Over approximately five years, Tamil Nadu has made substantial progress in 
municipal solid waste management, particularly in: 
 

Å Expansion of urban local bodies (ULBs) 

Å Increased waste collection efficiency 

Å Higher treatment capacity 

Å Large-scale bio-mining of legacy dumpsites 

Å Rapid expansion of decentralised composting and Material Recovery Facilities 
(MRFs) 

 
However, the data also indicate: 
 

Å Waste generation has increased faster than treatment capacity. 

Å Nearly 44% of generated waste is still  landfilled, although much of this 
consists of process rejects and inert materials. 

Å Scientific landfill development has not kept pace with waste generation. 

Å The State has shifted from centralised disposal towards decentralised 
processing. 

 
Administrative Growth 
 

Indicator 2020ð21 2024ð25 Change % Change 

Corporations 15 25 10 66.7% 

Municipalities 121 141 20 16.5% 

Town Panchayats 528 481 -47 -8.9% 

Total Urban Local 
Bodies 

664 647 -17 -2.6% 

Authorizations Granted 224 245 21 9.4% 
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Observation 
 
The reduction in total ULBs is due to administrative reclassification, with several 
municipalities upgraded into corporations. 
 
Municipal  Solid Waste Generation 
 

Indicator 2020ð21 2024ð25 Change % Change 

Waste Generated (TPD) 14,228 16,563 2,335 16.4% 

Waste Collected (TPD) 13,955 16,443 2,488 17.8% 

Waste Treated (TPD) 6,620 9,303 2,683 40.5% 

Waste Landfilled (TPD) 6,765 7,260 495 7.3% 

 
 
Collection Efficiency 
2020ð21: 13,955/ 14,228 = 98.1% 
 
2024ð25: 16,443/ 16563 = 99.3% 
 
Improvement 

Å 98.1% ɸ 99.3% 

Å Nearly universal collection has been achieved. 
 
Treatment Efficiency 
 
2020ð21: 6620/ 14228 = 46.5% 
2024ð25: 9303/ 16563 = 56.2% 
 
However, about 44% of solid waste is not being treated even today. 
 
Improvement 

Å Increase of 9.7 percentage points 

Å 20.8% improvement in treatment efficiency. 
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Landfilling  Rate 
2020ð21: 47.6% 
2024ð25: 43.8% 
 
Although landfilled quantity increased slightly, the share of waste sent to landfill  
has declined, indicating better diversion to treatment. 
 
Processing Infrastructure Composting 
 

Facility 2020ð21 2024ð25 

Micro Compost Centres 1,016 1,095 

Windrow Composting 526 500 

On-site Compost Centres 876 907 

 
Growth 
 

Å MCCs increased by 79 units (7.8%) 

Å On-site composting increased by 31 facilities 

Å Windrow composting reduced, suggesting movement towards decentralized 
systems. 

 
Bio-methanation /  Bio-CNG 
 

Indicator 2020ð21 2024ð25 

Bio-methanation plants 106 77 

Bio-CNG Plants Not reported 2 

 
Material Recovery Facilities (MRFs) 
 
2020ð21: No statewide MRF inventory reported. 
2024ð25: 819 operational MRFs, Capacity: 2,491 TPD 
 
This is one of the biggest structural improvements in the State. 
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Future Infrastructure Planned Facilities 
 
2020ð21 

Å 263 MCCs 

Å 7 Biomethanation plants 
 
2024ð25 

Å 68 MCCs 

Å 6 Biomethanation plants 

Å 11 Bio-CNG plants 

Å 79 additional MRFs 
 
Waste-to-Energy 
 
2020ð21 
 
Operational: 

Å Chennai 

Å Erode 
 
Proposed: 

Å Kodungaiyur 

Å Perungudi 
 
2024ð25 
The report records:No waste-to-energy plants under this reporting category. 
 
Instead, it notes that plastics and high-calorific waste are co-processed in cement 
industries. This reflects a policy shift away from dedicated WtE reporting toward 
co-processing. 
 
Bio-mining Progress 
 
2024ð25: 

Å Bio-mining initiated at 290 locations 

Å Completed at 241 locations 

Å 1,206 acres reclaimed 
This is one of the strongest achievements. 



 

[181] 

 

Quantitative Performance Indicators 
 

KPI 2020ð21 2024ð25 

Waste generation growth ñ 16.4% 

Collection efficiency 98.1% 99.3% 

Treatment efficiency 46.5% 56.2% 

Landfill share 47.6% 43.8% 

MCCs 1,016 1,095 

On-site Compost Centres 876 907 

MRFs Not reported 819 

Dumpsites reclaimed 7 241 

 
Key Findings 
 
Major Improvements 

Å Waste collection is effectively universal (99%+). 

Å Treatment capacity has grown by over 40%. Needs to grow even more  

Å Material Recovery Facilities have been established statewide. 

Å Large-scale bio-mining has reclaimed hundreds of legacy dumpsites. 

Å Composting infrastructure has expanded. 

Å Administrative coverage has improved with more corporations and 
authorizations. 

 
Continuing Challenges 

Å Daily waste generation continues to rise. 

Å Around 7,260 TPD  is still landfilled. 

Å Treatment growth, although significant, has not fully matched waste 
generation. 

Å Scientific landfill development remains limited. 

Å Further improvements in segregation and recovery are needed to reduce 
landfill dependence. 

 
Reference: https://tnpcb.gov.in/municipalSolidWaste.php 

 

https://tnpcb.gov.in/municipalSolidWaste.php
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Exnora - Inputs from Thiru  Senthur Pari, President, Exnora 
 
Founded in 1989 by former bank employee M.B. Nirmal, Exnora, which stands for 
EXcellent NOvel and RAdical ideas, emerged as a pioneering community-based 
organisation in Chennai. The organisation's central philosophy is built on mobilising 
and empowering communities to actively participate in preserving nature and 
preventing environmental degradation on a self-help basis. Over the decades, 
Exnora has played a massive role in urban environmental protection, most notably 
spearheading one of the largest civic movements in India. 
 
Transforming Solid Waste Management  
 
Exnora's most significant environmental contribution is its revolutionary approach 
to urban solid waste management through the formation of "Civic Exnoras". In 
response to the inefficiencies of municipal waste handling, Exnora introduced the 
concept of decentralised, community-driven waste management, wherein 
neighbourhood residents took ownership of their streets' cleanliness. By applying 
concepts like the 3Rs (Reduce, Reuse, and Recycle), "Waste to Wealth," and Zero 
Waste Management, Exnora drastically reduced the burden on city dump sites.  
 
A key social and environmental innovation was the formalisation of informal waste 
pickers (rag pickers) into "street beautifiers". By providing these workers with 
tricycles, protective gear, and a steady income for door-to-door waste collection, 
Exnora ensured clean source segregation while uplifting marginalised communities. 
 
Advancing Zero Waste and "Home Exnora": Exnora's neighbourhood models 
proved highly successful in resource recovery. For example, the Exnora Green 
Pammal initiative managed to compost 80% of local waste, reducing the waste sent 
to landfills to a mere 10%. This specific project was recognised for reducing carbon 
emissions by over 5,062 tonnes in a single year.  
 
Adapting to modern challenges, Exnora has recently transitioned to promoting 
"Home Exnora." This initiative addresses environmental issues at the micro-level 
by encouraging citizens to segregate waste at the source, practice home composting, 
and adopt "cooling-the-globe" habits to ensure minimal waste leaves the household. 
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Green Initiatives Beyond Waste Management 
 
Exnora has diversified its environmental protection efforts to tackle various 
ecological challenges: 
 

Å Waterbody Rejuvenation: Through "Neer Exnora," the organisation actively 
works to restore and revitalise neglected or polluted rivers, lakes, ponds, and 
wetlands. 

 

Å Urban Greening: To combat climate change and global warming, Exnora 
develops eco-parks, creates urban dense forests, and executes widespread 
tree-planting campaigns. 

 

Å Resource Conservation: Under its "Home Exnora Yoga" framework, the 
organisation educates citizens on holistic home conservation, providing 
guidelines for rainwater harvesting, renewable energy use, fuel saving, and the 
prevention of indoor air and water pollution. 

 
Socio-Environmental Empowerment  
 
A major part of Exnora's environmental success comes from its ability to change 
public consciousness. Through awareness campaigns, Exnora shifted the prevailing 

mindset that "cleaning up is always somebody elseôs responsibility," fostering a 
strong sense of civic duty among residents. 
 

Exnoraôs significance in environmental protection lies in its holistic, participatory 
approach. By seamlessly merging sustainable ecological practices with social 
empowerment and civic responsibility, Exnora demonstrated that grassroots 
community involvement is a highly effective, sustainable solution to modern urban 
environmental crises. 
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Solid Resource Management - Inputs from Thiru  C. Srinivasan 
 
Solid and Liquid  Resource Management (SLRM) Framework 
 
Thiru C. Srinivasan is a professional expert in integrated sustainable resource 
management with over 33 years of experience in environmental sanitation and 
project coordination. As a leading consultant in the field, he serves in several high-
level advisory capacities for the Indian government and international bodies: 
 
Milestones 
 

Å " Garbage to Gold"  Vellore Model: A pioneering integrated and sustainable 
solid resource management framework recognised globally. 

 

Å Clean India Mission (SBM) Design: Contributed technical design 

expertise for the Swachha Bharat Mission for the Prime Ministerôs Office 
(PMO). 

 

Å "Drainage to Diamond"  Project: A landmark pilot for Liquid Resource 
Management (LRM) in Jupudi Gram Panchayat, Andhra Pradesh. 

 

Å Defence &  Institutional  Projects: Implementation of SLRM for the Army 
Service Corps (ASC) Centre & College (Bangalore), various National Zoos 
(Jodhpur, Chandigarh), and academic institutions including IIT  Chennai and 
VIT Vellore. 

 
Recognitions 
 

Å Ashoka Fellowship: Awarded by Ashoka Innovators for the Public, 
Washington D.C., USA (2003). 

Å Abdul Kalam Seva Rathana Award: (2015). 

Å Earth Corps Alumni Award: For outstanding contributions to 
environmental protection, Seattle, USA (2010). 

Å Environment Management Award: Government of Tamil Nadu (2003ð
2004). 
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The SLRM Philosophy: From Waste to Resource 
 
Defining the Shift 
 
The SLRM framework asserts that "waste" is a misnomer. Discarded materials are 
actually "non-stop resources" generated in solid or liquid form. The objective is to 
establish a permanent lifetime setup that prevents waste generation by managing 
these materials before decomposition occurs. 
 
The 12-Hour  Critical Window 
 
The distinction between a "resource" and "waste" is fundamentally temporal. If  
organic material is not processed within 12 hours, anaerobic decomposition begins, 
resulting in foul odours and pest infestation. 
 

Storage Time Status of Garbage Remarks 

12 Hours Odourless Fresh Raw Material RESOURCE 

24 Hours Smelly Decomposed Material WASTE 

48 Hours Stinking Waste WASTE 

72 Hours+ Stinking + Worm (maggots) infested waste WASTE 

 
Resource Management vs. Waste Management 
 
Conventional "Waste Management" systems in developed nations often collect 
materials weekly or bi-weekly, sealing them in black plastic bags. This lacks aeration 
and triggers anaerobic decomposition. The "Vellore Model" mandates a twice-daily 
collection cycle (730 trips per year) to ensure materials remain fresh, odorless, and 
commercially viable resources. 
 
Solid Resource Management (SRM): The 'Garbage to Gold' Concept 
 
Strategic Collection Intervals 
 
To prevent the transition from resource to waste, collection frequencies are tailored 
to the decomposition rate of the material source: 
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Collection 
Interval 

Sector /  Source 

12 hours or less Residential areas (Apartments, colonies, quarters) 

6 hours or less Food generators (Hotels, restaurants, marriage halls) 

4 hours or less 
Bulk generators (Markets, fruit/vegetable mundies, cattle 
dung) 

3 hours or less Non-Vegetarian items (Slaughterhouses, meat/fish markets) 

 
The Role of Self-Help Groups (SHGs) 
 
Women-led SHGs are the operational backbone of this model. They provide 
reliability and superior communication skills within neighborhoods. Because their 
income is supplementary, the project remains economically viable, and the local 
nature of the workforce fosters long-term community ownership and accountability. 
 
Categorisation and Segregation 
 
The SLRM model utilises rigorous primary and secondary segregation to maximise 
resource recovery: 
 

Å Organic Waste (60 categories): Includes cattle-eatable, non-eatable, citric 
items, and shells. 

 

Å Inorganic/Recyclable Waste (169 categories): Further subdivided into 
categories like Papers (15), Cardboards (9), Plastic Items (48 types/64 
categories), Plastic Covers (38), Metals (21), Rubber (12), and Glass Bottles 
(26 types/122 categories). 
 

Å Non-recyclable (15 categories): Specific items such as Thermocol 
(Styrofoam), aluminium-coated plastic covers (chocolate/biscuit wrappers), 
and first-quality butter or sticker paper. 

 

Household Guidelines (Doôs and Donôts) 
 
Residents must adhere to specific handling protocols to maintain material purity: 
 

Å Bin Preparation: Do not use carry bags to line dustbins; bins should be 
washed daily. 
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Å Eggshells: Must be placed in used plastic covers before being deposited into 
the green bin to avoid mixing with organic material. 
 

Å Sanitary Napkins: Wrap in paper (no plastic), mark with a Red sketch pen, 
and place in the red bin. 
 

Å Non-Vegetarian Waste: Wrap in paper, mark with a Green sketch pen, 
and place in the green bin. 
 

Å Medical Waste: Wrap in paper, mark with a Blue sketch pen, and place in 
the green bin. 
 

Å Hair  Collection: Store hair from combs in separate bags; it is the "costliest 
unit of garbage" and is collected every two months for sale. 
 

Å General Conduct: Do not wash hands in dustbins, throw liquids into bins, 
or burn waste. 

 
Liquid  Resource Management (LRM):  The 'Drainage to Diamond' Concept 
Problem Statement and the "Diamond"  Logic 
 
The "Drainage to Diamond" concept addresses the failure of rural infrastructure to 
manage untreated sewage, which typically leads to mosquito breeding and stagnant 
pools. The term "Diamond"  represents the transition from a liability (sewage) to a 
high-value, self-sustaining economic model that generates significant revenue and 
green jobs. 
 
The Foundation (Micro-Planning) 
 
Roadside preparation involves cleaning the area between roads and buildings to a 
depth of 0.9ð1.0 foot. All stones and debris (Raffia bags, wood, plastic) are 
recovered and reused. To protect the system, 40mm stones are filled at road edges 
(6 inches wide, 9ð12 inches high) to allow rainwater to percolate immediately, 
preventing it from entering the sewage drainage. 
 
Plantation Methodology (Roadside/Berm) 
 

Å Coconut Trees: Preferred variety is the Pollachi coconut sapling (valued 
for size, taste, and market price). Saplings (T x D variety) are planted at 20ft 
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intervals. Planting occurs 2.6 feet below ground level so that shallow roots 
stay beneath road and drainage structures, preventing structural damage while 
stabilizing the soil. 
 

Å Palm Trees: Planted every 6.0 to 6.5 feet between coconut trees to serve as 
essential windbreaks. 
 

Å Fencing and Creepers: Vertical creepers (Ivy gourd, Climbing Brinjal, 
Red/Green spinach vine) are grown on Casuarina/Eucalyptus pole fencing 
for protection and seed production. Horizontal creepers like pumpkins are strictly 
prohibited. 

 
Plantation Methodology (Inside Drainage) 
 
LRM uses tiered biological treatment based on structure type: 
 

Å Normal Mud Drainages: Employs a mix of Canna plants, Elephant Ear 
leaves, and local grasses to create a root bed system for filtration. 
 

Å Brick/Cement  (<2ft depth): A 4" stone layer (2" stones) is covered with 2" 
of coir fiber/sponge and filled with organic mulch/manure. 
 

Å Concrete Structures (2-4ft depth): A 6" stone layer (2-4" stones) is covered 
with 4" of coir fiber/sponge and filled with mulch. Banana tubes and 
Sugarcane are planted directly into the mulch every 6 feet. 

 

Ǔ Banana Varieties utilized: Poovan, Dwarf Cavendish, Thella Chakrakeli, 
Karpoora, Chakrakeli, Robusta, Rasthali, Amritpant, Monthan, and 
Yenagu Bontha. 

 
Economic and Environmental Outcomes 
Income Generation Streams 
 
The model is designed to be self-sustaining through multiple revenue channels: 
 

Å Plant Products: Auction of Pollachi coconuts, palm seeds, and leaves for 
broomsticks. 
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Å Fodder Sales: Super Napier grass harvested every 40 days and sold at Rs. 12ð
15/Kg. 
 

Å SHG Activities: Creation of Canna sapling nurseries and extraction of 
banana fiber for handicraft production. 
 

Å Direct Sales: Sale of 169 types of segregated inorganic materials and banana 
bunches/stems. 

 
Environmental Benefits 
 

Å Root Bed Treatment: Canna rhizomes and native grasses absorb heavy 
metals and pollutants through a biological filtration process. 
 

Å Wastewater Management: Large-leaf plants (Elephant Ear/Canna) 
maximize wastewater evaporation, while specialized root systems prevent soil 
erosion under roads. 
 

Å Wind Protection: Palm tree rows protect small buildings and cattle sheds 
from wind damage. 

 
Projected Impact 
 
The pilot project in Jupudi Gram Panchayat is projected to reach a revenue 
generation of Rs. 1 Crore per year from 2030 onwards, solely through these 
sustainable resource auctions and sales. 
 
Implementation Geographic Scope 
 
Domestic Reach 
 
The SLRM/LRM framework has been introduced or implemented in the following 
Indian states and model sites: 
 

Å States: Tamil Nadu, Karnataka, Andhra Pradesh, Chhattisgarh, Gujarat, 
Maharashtra, Rajasthan, Punjab, Assam, Tripura, Meghalaya, Sikkim, Bihar, 
Uttar Pradesh, Haryana, Jammu & Kashmir, Uttarakhand, West Bengal, 
Kerala, Himachal Pradesh, Goa, and Arunachal Pradesh. 
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Å Key Model Sites: 
 

Ǔ Ambikapur Municipal  Corporation (Chhattisgarh) 

Ǔ Varanasi Municipal  Corporation (Uttar Pradesh) 

Ǔ Jodhpur Zoo (Rajasthan) and Chhathir Zoo (Chandigarh) 

Ǔ Army Service Corps (ASC) Centre &  College (Bangalore) 
 
International Footprint  
 
The concept has expanded beyond India, with successful introductions in: 
 

Å Nepal: One Province. 

Å USA: 22 States. 
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Health Hazards on humans caused by pollution - inputs from Dr 
T.Nivethitha,  MBBS, MD,  MRCP (UK) 
 
Air Pollution: Changing Trends in Human DiseaseñFrom Traditional 
Illnesses to Emerging Health Threats 
 
Air pollution is no longer solely a respiratory health issue. Contemporary evidence 
demonstrates that it is a multisystem determinant of disease affecting the 
cardiovascular, neurological, metabolic, renal, reproductive and musculoskeletal 
systems.  
 
India bears one of the world's highest air pollution burdens, with 1.67 million 
attributable deaths annually. While traditional pollution-related diseases such as 
asthma, COPD and lung cancer continue to rise in prevalence and severity, 
accumulating evidence also links long-term air pollution exposure to diabetes, 
chronic kidney disease, dementia, Parkinson's disease, depression, pregnancy loss 
and impaired childhood neurodevelopment. These findings support integrating 
environmental health into national non-communicable disease strategies and public 
health policy. 
 
Burden of the disease 
 

¶ 1.67 million deaths in India were attributable to air pollution in 2019, 
representing 17.8% of all deaths.  
 

¶ Air pollution reduced life expectancy by approximately 1.7 years nationally, 
with losses exceeding 2 years in several northern states.  
 

¶ India accounted for 26.2% of global disability-adjusted life years (DALYs) 
due to air pollution despite having about 18% of the world's population.  
 

¶ A 2024 Lancet Planetary Health analysis found that every 10 Ǫg/mİ increase in 

annual PMϜ.ϟ exposure was associated with an 8.6% increase in mortality, 
suggesting health risks even below current national standards.  
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Figure 1. Trends in crude and age-standardised death rates attributable to 
ambient particulate matter, household air pollution and ambient ozone 
pollution in India (1990ð2019). Adapted from Balakrishnan et al., Lancet 
Planet Health. 2021. 
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Figure 2. Comparison of disability-adjusted life years (DALYs) attributable 
to air pollution and tobacco use across major diseases in India. Adapted from 
Balakrishnan et al., Lancet Planet Health. 
 
Table 1: Changing Trends in existing diseases due to air pollution 

 

Existing 
disease 

Historical  
understandin

g 
Current trend Indian evidence 

Policy 
implicati

on 

Asthma 

Traditionally 
considered an 
allergic disease 
triggered by 
allergens, 
infections and 
genetics. 

Air pollution 
increases asthma 
incidence, 
exacerbations, 
emergency visits, 
hospitalizations 
and earlier onset, 
particularly among 
children. Long-

term PMϜ.ϟ and 

NOϜ exposure are 
now recognized as 
major 
environmental 
triggers.  

Studies from 
Delhi, Chennai 
and other Indian 
cities consistently 
report increased 
asthma 
symptoms, 
reduced lung 
function and 
higher 
hospitalization 
rates among 
children exposed 
to ambient air 
pollution.  

Air quality 
improvem
ent should 
be 
integrated 
into 
national 
asthma 
preventio
n and 
school 
health 
programm
es. 



 

[194] 

 

Existing 
disease 

Historical  
understandin

g 
Current trend Indian evidence 

Policy 
implicati

on 

Chronic 
Obstructi
ve 
Pulmonar
y Disease 
(COPD) 

Traditionally 
regarded as a 
disease 
primarily 
caused by 
tobacco 
smoking. 

Increasing 
recognition of 
COPD among 
never-smokers due 
to long-term 
exposure to 
ambient air 
pollution and 
biomass smoke, 
particularly among 
women in low- 
and middle-
income countries.  

The GBD India 
study identified 
ambient and 
household air 
pollution as 
major 
contributors to 
COPD-related 
mortality and 
disability across 
Indian states.  

COPD 
preventio
n should 
include 
reduction 
of both 
household 
and 
ambient 
air 
pollution 
alongside 
tobacco 
control. 

Respirato
ry 
Infections 
(Pneumo
nia, 
Influenza, 
Tubercul
osis) 

Respiratory 
infections 
were primarily 
attributed to 
microbial 
pathogens. 

Air pollution 
impairs 
mucociliary 
clearance and 
innate immunity, 
increasing 
susceptibility, 
disease severity, 
hospitalization and 
mortality from 
respiratory 
infections 
including 
tuberculosis.  

Indian studies 
demonstrate 
associations 

between PMϜ.ϟ 
exposure and 
increased hospital 
admissions for 
pneumonia and 
poorer 
tuberculosis 
outcomes in 
highly polluted 
regions.  

Air 
pollution 
reduction 
should be 
incorporat
ed into 
infectious 
disease 
preventio
n and 
tuberculos
is control 
programm
es. 
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Existing 
disease 

Historical  
understandin

g 
Current trend Indian evidence 

Policy 
implicati

on 

Lung 
Cancer 

Historically 
considered a 
disease 
predominantly 
associated 
with cigarette 
smoking. 

Lung cancer 
among never-
smokers is 
increasing, 
particularly 
adenocarcinoma. 
Outdoor air 

pollution (PMϜ.ϟ) 
is classified as a 
Group 1 human 
carcinogen by 
IARC.  

Indian cancer 
registry data 
indicate 
increasing lung 
cancer incidence 
among urban 
populations, with 
a growing 
proportion 
occurring in 
never-smokers, 
particularly 
women.  

Air 
pollution 
control 
should be 
incorporat
ed into 
national 
cancer 
preventio
n 
strategies. 

Allergic 
Rhinitis 
&  Allergic 
Airway 
Disease 

Traditionally 
attributed to 
pollen, dust 
mites and 
other 
aeroallergens. 

Air pollution 
enhances allergen 
sensitization, 
airway 
inflammation and 
prolongs pollen 
allergenicity, 
resulting in 
increasing 
prevalence and 
severity of allergic 
diseases.  

Urban Indian 
populations have 
shown increasing 
prevalence of 
allergic rhinitis 
and allergic 
airway disease 
associated with 
worsening 
ambient air 
quality.  

Urban 
planning 
and 
pollution 
control 
policies 
should 
incorporat
e allergy 
preventio
n 
strategies. 
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Figure 3: Air pollution exerts multisystem effects through interconnected biological 
pathways including oxidative stress, systemic inflammation, endothelial dysfunction, 
immune dysregulation, epigenetic modifications and mitochondrial dysfunction, 
ultimately contributing to cardiovascular, respiratory, neurological, metabolic, renal, 
reproductive and musculoskeletal diseases. 
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Table 2: Emerging Non-Communicable Diseases Attri butable to Air 
Pollution 
 

Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

Diabetes 
& 

Metabolic 
Syndrome 

Strong 
evidence 

The 2024 Lancet 
Diabetes & 

Endocrinology 
review concluded 

that long-term 

PMϜ.ϟ exposure 
promotes insulin 

resistance, systemic 
inflammation and 

metabolic 
dysfunction, 

increasing the risk 
of type 2 diabetes 

and metabolic 
syndrome. 

A prospective 
cohort study 
conducted in 

Delhi and 
Chennai 

demonstrated 
that long-term 

PMϜ.ϟ exposure 
was associated 

with an 
increased 

incidence of 
type 2 diabetes 

among 
approximately 
12,000 adults. 

Integrate 
environment
al health into 

India's 
diabetes 

prevention 
strategy 

Dementia 
/  

Alzheimer'
s disease 

Strong 
evidence 

A BMJ 2023 
systematic review 
and meta-analysis: 
Wilker EH, Osman 
M, Weisskopf MG. 

BMJ. 2023;381: 
e071620. 

Prospective 
Indian 

longitudinal 
evidence 

remains limited. 
However, the 
2024 Indian 
dementia risk 

analysis includes 
outdoor/indoor 

air pollution 
among 

modifiable risk 
factors. 

Include air 
pollution 
among 

modifiable 
risk factors in 

dementia 
prevention 
policies. 
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Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

Parkinson 
disease 

Moderate /  
emerging 
evidence 

Recent systematic 
reviews and meta-
analyses support an 

association, but 
causality is not yet 

definitive. 

Indian evidence 
is derived 

primarily from 
case-control 

studies 
demonstrating 
associations 

between 
pesticide and 

other 
environmental 
exposures and 
Parkinson's 

disease, while 
direct 

prospective 
Indian cohort 

studies 
evaluating 
ambient air 

pollution remain 
limited. 

Strengthen 
surveillance 
and support 
longitudinal 

research. 

Depressio
n & 

Anxiety 

Moderate to 
strong 

evidence 

Multiple systematic 
reviews support 

associations 

between PMϜ.ϟ 
exposure and 
depression. 

Analysis of the 
National Mental 
Health Survey 

involving 34,802 
Indian adults 
demonstrated 
that long-term 
exposure to 

ambient PMϜ.ϟ 
was associated 
with increased 

Recognize 
mental health 

as an 
environment

al health 
priority. 
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Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

odds of 
depression and 

anxiety, 
providing 
emerging 

evidence that air 
pollution 

contributes to 
the burden of 

common mental 
disorders in 

India 

Pregnancy 
loss & 

infertility 

Strong 
evidence for 

Strong 
evidence for 

adverse 
pregnancy 
outcomes 

Lancet Planetary 
Health studies on 

PMϜ.ϟ and 
pregnancy loss. 

An 
epidemiological 

study using 
Demographic 
and Health 
Survey data 
from India, 
Pakistan and 
Bangladesh 
(76.9% of 

participants 
from India) 

estimated that 
nearly 349,681 

pregnancy losses 
annually in 

South Asia were 
attributable to 

PMϜ.ϟ 
concentrations 

exceeding 

Air quality 
improvement 

should be 
integrated 

into maternal 
health 

programmes. 
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Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

India's national 
air quality 
standard. 

Autism 
Spectrum 
Disorder 
& ADHD  

Moderate 
evidence 

Multiple meta-
analyses 

demonstrate 
associations 

between prenatal 

PMϜ.ϟ/NOϜ 
exposure and 
ASD/ADHD  

Indian 
epidemiological 
evidence directly 
linking ambient 

air pollution 
with ASD is 

currently 
lacking. Existing 
Indian literature 

highlights 
environmental 
pollution as an 
emerging risk 

factor, but 
robust 

prospective or 
case-control 
studies are 

needed 

Initiate 
national 

surveillance 
of 

neurodevelop
mental 

disorders in 
relation to 

environment
al exposures. 

Childhood 
cognitive 

impairmen
t & 

reduced 
IQ 

Strong 
evidence 

Systematic review of 
cognitive 

impairment across 
the life course 

Indian studies 
have 

demonstrated 
that both 
household 

biomass smoke 
exposure and 

long-term 
ambient 

Air pollution 
control 

should be 
viewed as an 
investment in 
educational 
attainment 
and human 

capital. 
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Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

particulate air 
pollution are 

associated with 
lower IQ, 
impaired 
arithmetic 

performance, 
reduced 

attention, and 
poorer overall 

cognitive 
development 

among children. 

Osteoporo
sis 

Emerging 
evidence 

Recent cohort 
studies and reviews 

suggest chronic 

PMϜ.ϟ exposure is 
associated with 

lower bone mineral 
density and higher 

fracture risk 

Emerging 
Indian evidence 

suggests that 
long-term 

ambient PMϜ.ϟ 
exposure is 

associated with 
lower bone 

mineral density 
and bone 

mineral content, 
indicating a 
potential 

increased risk of 
osteoporosis. 

However, 
prospective 

Indian studies 
evaluating 
incident 

Promote 
further 

research and 
surveillance 

of bone 
health in 
polluted 
regions. 
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Health 
outcome 

Is air 
pollution 

truly 
associated? 

International 
reference 

Indian 
reference 

Policy 
Implication  

osteoporosis are 
lacking. 

 
Key Messages 
 

¶ Air pollution is a multisystem disease determinant.  

¶ Cardiovascular disease remains the leading pollution-attributable cause of 
death.  

¶ Emerging evidence links pollution to neurological, metabolic, renal, 
reproductive and childhood disorders.  

¶ Environmental health should be integrated into India's NCD strategy.  

¶ Prevention of air pollution is a major public health intervention. 

¶ Air pollution interacts with climate change and other environmental 
exposures to amplify health risks. 

 
Policy Recommendations 
 

¶ Strengthen implementation of the National Clean Air Programme 
(NCAP) with explicit health outcome indicators.  

¶ Revise national ambient air quality standards to align progressively with 
updated WHO Air Quality Guidelines.  

¶ Integrate air pollution mitigation into the National Programme for 
Prevention and Control of Non-Communicable Diseases (NP-NCD) .  

¶ Include environmental exposure assessment in routine cardiovascular, 
respiratory, metabolic, neurological, and reproductive health services.  

¶ Establish sentinel surveillance for pollution-related neurological disorders, 
childhood neurodevelopmental disorders, and chronic kidney disease.  

¶ Expand real-time air quality monitoring to underserved urban and rural 
districts.  
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¶ Promote intersectoral collaboration among the Ministries of Health, 
Environment, Urban Development, Transport, Energy, and Agriculture.  

¶ Prioritize protection of vulnerable populations including children, pregnant 
women, older adults, and individuals with chronic diseases.  

¶ Increase funding for Indian longitudinal cohort studies on emerging 
pollution-related diseases.  

¶ Develop a National Environmental Health Surveillance Programme 
adopting a One Health approach.  

¶ Establish a National Environmental Health Surveillance System integrating 
health, pollution and climate datasets. 

¶ Mandate Health Impact Assessment (HIA) for major industrial and urban 
development projects. 

 
Air Pollution Research Gaps 
 
¶ Longitudinal Indian cohort studies  
¶ Rural populations  
¶ Geneðenvironment interactions  
¶ Long-term childhood follow-up 

 
Why This Matters for India 
 

India experiences some of the highest ambient PMϜ.ϟ concentrations globally, 
exposing millions of people to unhealthy levels of air pollution. While respiratory 
diseases remain important, contemporary evidence demonstrates that cardiovascular 
disease, stroke, diabetes, chronic kidney disease, neurological disorders and adverse 
pregnancy outcomes account for an increasing share of the pollution-attributable 
health burden. Recognizing air pollution as a common, modifiable risk factor for 
multiple non-communicable diseases provides an opportunity to improve 
population health through cleaner energy, sustainable transport, strengthened 
environmental regulation and evidence-based public health policy. 
 
Water Pollution: Changing Trends in Human DiseaseñFrom Traditional 
Illnesses to Emerging Health Threats 
 
Water pollution is no longer solely responsible for traditional waterborne infections. 
Contemporary evidence demonstrates that contaminated water has emerged as a 
major determinant of chronic non-communicable diseases through exposure to 
heavy metals, industrial chemicals, pesticides, pharmaceutical residues, 
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antimicrobial-resistant organisms, and emerging contaminants such as microplastics 
and per- and polyfluoroalkyl substances (PFAS).  
 
India faces one of the world's largest public health burdens attributable to unsafe 
water, inadequate sanitation and environmental contamination, disproportionately 
affecting children, pregnant women and rural communities while increasingly 
contributing to chronic diseases among adults. While diarrhoeal diseases, cholera, 
typhoid, viral hepatitis and fluorosis continue to impose a substantial public health 
burden, accumulating evidence links long-term exposure to contaminated water 
with chronic kidney disease, hypertension, neurological disorders, developmental 
delay, cognitive impairment, cancers, endocrine disruption, adverse reproductive 
outcomes and antimicrobial resistance. These changing disease patterns underscore 
the urgent need to integrate water quality management into India's public health, 
environmental protection and non-communicable disease prevention strategies. 
 
Burden of water pollution in India 
 

¶ Unsafe water, sanitation and hygiene (WASH) remain major contributors 
to preventable disease in India, with a mortality rate of approximately 36.4 
deaths per 100,000 population attributable to unsafe WASH services in 
2019.  

¶ Globally, an estimated 1.4 million deaths and 74 million disability-adjusted 
life years (DALYs) in 2019 were attributable to unsafe drinking water, 
sanitation and hygiene.  

¶ Safe WASH could have prevented approximately 69% of diarrhoeal 
disease burden and substantially reduced acute respiratory infections and 
undernutrition worldwide.  

¶ India continues to experience one of the world's largest burdens of disease 
attributable to unsafe drinking water, sanitation and environmental 
contamination, particularly among children and vulnerable populations.  

¶ Emerging contaminantsñincluding heavy metals, pesticides, 
pharmaceutical residues, antimicrobial-resistant organisms, microplastics 
and PFASñare shifting the health burden from predominantly acute 
infectious diseases towards chronic non-communicable diseases.  
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Figure 1. Health burden of unsafe water, sanitation and hygiene (WASH) in India 
and globally. Unsafe WASH remains a major cause of preventable mortality and 
disability, disproportionately affecting children, pregnant women and rural 
communities. While improvements in sanitation have reduced the burden of 
communicable diseases, increasing environmental contamination is contributing to 
a transition towards chronic non-communicable diseases. Data adapted from WHO 
and the Global Burden of Disease analyses. 
 
 
Table 1: Changing Trends in Existing Health Consequences Associated with 
Water Pollution 
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Existing disease 
Historical  

understandi
ng 

Current trend 
Indian 

evidence 
Policy 

implication  

Acute Diarrhoeal 
Disease (ADD) 

Traditionally 
attributed to 

microbial 
contaminatio
n of drinking 

water and 
poor 

sanitation. 

Although 
mortality has 
declined with 

improved 
sanitation and 

oral 
rehydration 

therapy, 
diarrhoeal 

disease 
remains a 

major cause of 
morbidity 

among 
children and 
vulnerable 

populations, 
particularly 
following 

floods, urban 
sewage 

contamination 
and climate-

related events. 
[4] 

India 
continues to 

report a 
substantial 
burden of 

acute 
diarrhoeal 

disease linked 
to unsafe 
drinking 
water, 

inadequate 
sanitation and 
poor hygiene 
practices. [5] 

Strengthen 
safe drinking 

water 
systems, 
sanitation 

infrastructure 
and water-

quality 
surveillance. 
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Cholera 

Historically 
associated 

with 
contaminated 

drinking 
water and 

poor 
sanitation 

during 
outbreaks. 

Large 
epidemics have 

become less 
frequent; 
however, 
localized 
outbreaks 

continue to 
occur due to 
contaminated 

municipal 
water supplies, 
flooding and 
inadequate 

sewage 
treatment. [7] 

Cholera 
outbreaks 

continue to be 
reported from 
several Indian 

states, 
particularly 
following 
monsoon-
associated 

water 
contamination

. [8] 

Improve 
outbreak 

surveillance, 
chlorination, 

sewage 
management 

and rapid 
response 
systems. 

Typhoid Fever 

Traditionally 
considered a 
faeco-oral 

disease 
caused by 

contaminated 
food and 

water. 

Despite 
improved 

vaccination 
and sanitation, 
antimicrobial-

resistant 
Salmonella 
Typhi and 
persistent 

water 
contamination 

continue to 
sustain disease 
transmission. 

[9] 

India remains 
one of the 
highest-
burden 

countries for 
typhoid, with 
contaminated 
drinking water 
continuing to 

be a major 
source of 

infection. [10] 

Strengthen 
safe water 

supply, 
sanitation 

and 
antimicrobial 
stewardship 
programmes. 
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Viral Hepatitis A 
& E 

Traditionally 
associated 

with 
contaminated 

drinking 
water and 

poor 
sanitation. 

Improved 
sanitation has 

reduced 
childhood 

transmission in 
many urban 
settings, but 
outbreaks 
continue 

because of 
contaminated 

municipal 
water and 
sewage 

intrusion. [11] 

Recurrent 
hepatitis A 

and E 
outbreaks 

continue to be 
reported 

across several 
Indian states 

due to 
contamination 

of drinking 
water 

distribution 
systems. [12] 

Improve 
drinking 

water 
treatment, 

sewage 
infrastructure 
and outbreak 
surveillance. 

Dental & Skeletal 
Fluorosis 

Traditionally 
regarded as a 

naturally 
occurring 
geogenic 
disease 

confined to 
high-fluoride 
groundwater 

regions. 

Persistent 
groundwater 
dependence 
and over-

extraction have 
expanded 
chronic 
fluoride 

exposure in 
several states, 

increasing 
lifelong 

disability from 
skeletal 

fluorosis. [13] 

India remains 
one of the 

countries with 
the highest 
fluorosis 
burden, 
affecting 
millions 
across 

endemic 
districts. [14] 

Expand 
groundwater 

quality 
monitoring, 
defluorinatio

n 
programmes 

and 
provision of 
safe drinking 

water. 

Methemoglobine
mia (Blue Baby 

Syndrome) 

Historically 
associated 

with nitrate-
contaminated 

well water 
affecting 
infants. 

Increasing 
agricultural 
fertilizer use 

and 
groundwater 

nitrate 
contamination 

Elevated 
nitrate 

concentration
s have been 
reported in 

groundwater 
from several 

Regular 
nitrate 

monitoring 
and 

protection of 
groundwater 

from 
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continue to 
place rural 

infants at risk 
despite 

improvements 
in piped water 
supply. [14] 

Indian states, 
posing 

continuing 
risks to infant 
health. [15] 

agricultural 
contaminatio

n. 

Chronic Kidney 
Disease of 
Unknown 
Aetiology 
(CKDu) 

Traditionally 
considered 

idiopathic or 
occupation-

related. 

Increasing 
evidence 
suggests 
chronic 

exposure to 
contaminated 

drinking water, 
heavy metals, 
agrochemicals 
and heat stress 
may contribute 

to CKDu in 
susceptible 
populations. 

[17] 

Emerging 
Indian studies 

report 
associations 

between 
groundwater 

contamination
, heavy metals 

and CKD 
clusters in 

several 
regions, 
although 
causality 

remains under 
investigation. 

[18] 

Integrate 
environment
al exposure 
assessment 
into CKD 

surveillance 
and rural 

water safety 
programmes. 



 

[210] 

 

 
Figure 3. Evolution of water pollution from traditional microbial contamination to 
emerging chemical contaminants. Improvements in sanitation have reduced the 
relative burden of many traditional waterborne infections, while industrialization, 
agricultural intensification and pharmaceutical contamination have introduced new 
environmental hazards including heavy metals, PFAS, microplastics and 
antimicrobial resistance, resulting in an increasing burden of chronic disease. 
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Figure 4. Biological mechanisms linking contaminated water to chronic human 
disease. Heavy metals, industrial chemicals, pesticides, PFAS and pharmaceutical 
residues induce oxidative stress, DNA damage, endocrine disruption and immune 
dysregulation, contributing to chronic diseases affecting the kidneys, nervous 
system, cardiovascular system, reproductive organs and other organ systems. 
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Table 2: Emerging Chronic Health Effects Associated with Water Pollution 

Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Arsenic, 
Cadmium, 
Lead, 
Industrial  
heavy metals 

Chronic 
Kidney 
Disease 
(CKD) 

Very 
strong 
evide
nce 

Chronic 
exposure to 
arsenic, 
cadmium, 
lead and 
other 
nephrotoxic 
contaminants 
in drinking 
water is 
strongly 
associated 
with CKD, 
reduced 
eGFR and 
progression 
to end-stage 
kidney 
disease 
through 
oxidative 
stress, tubular 
injury and 
chronic 
inflammation
. 

Indian 
studies have 
reported 
associations 
between 
contaminated 
groundwater, 
heavy metals 
and CKD 
clusters, 
particularly 
among 
agricultural 
communities. 
The CKDu-
AGRI study 
from Tamil 
Nadu 
highlights 
environment
al exposure 
as an 
important 
area for 
further 
investigation. 

Integrate 
environme
ntal 
exposure 
assessmen
t into 
CKD 
surveillanc
e and rural 
drinking-
water 
programm
es. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Arsenic, Lead, 
Cadmium 

Hypertens
ion 

Stron
g 
evide
nce 

Long-term 
exposure to 
arsenic, lead 
and cadmium 
through 
drinking 
water has 
been 
associated 
with 
increased 
blood 
pressure and 
hypertension 
through 
endothelial 
dysfunction, 
vascular 
stiffness and 
oxidative 
stress. 

Indian 
studies have 
documented 
widespread 
chronic 
arsenic 
exposure 
through 
contaminated 
groundwater 
in endemic 
regions. 
Although 
direct 
longitudinal 
evidence 
linking 
drinking-
water arsenic 
to 
hypertension 
is limited, the 
biological 
plausibility 
and 
international 
evidence 
support 
hypertension 
as an 
emerging 
concern. 

Incorporat
e water 
quality 
assessmen
t into 
hypertensi
on 
prevention 
programm
es in high-
risk 
regions. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Arsenic, 
Chromium, 
Industrial  
chemicals, 
Disinfection 
by-products 

Cancer 
(Skin, 
Bladder, 
Lung, 
Liver) 

Very 
strong 
evide
nce 

Chronic 
arsenic 
exposure 
through 
drinking 
water is an 
established 
cause of skin, 
bladder and 
lung cancers 
(IARC 
Group 1 
carcinogen). 
Emerging 
evidence also 
implicates 
chromium, 
industrial 
chemicals 
and 
disinfection 
by-products 
in 
carcinogenesi
s. 

Arsenic-
contaminated 
groundwater 
in eastern 
India has 
been 
associated 
with 
increased 
cancer risk 
and long-
term health 
consequence
s. 

Strengthen 
groundwat
er 
monitorin
g, arsenic 
mitigation 
and cancer 
surveillanc
e in 
endemic 
regions. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Lead, Mercury, 
Manganese 

Neurologi
cal 
Disorders 
(Adults) 

Stron
g 
evide
nce 

Lead, 
mercury and 
manganese 
exposure 
through 
contaminated 
water 
contribute to 
neurotoxicity, 
cognitive 
decline, 
peripheral 
neuropathy 
and other 
neurological 
disorders 
through 
oxidative 
stress and 
neuronal 
injury. 

Indian 
studies have 
documented 
elevated 
blood lead 
levels and 
neurobehavi
oral 
abnormalities 
among 
exposed 
populations 
residing in 
contaminated 
areas. 

Routine 
monitorin
g of 
neurotoxic 
contamina
nts should 
be 
incorporat
ed into 
national 
water 
quality 
surveillanc
e 
programm
es. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Lead, Arsenic, 
Mercury 

Developm
ental 
Delay &  
Reduced 
IQ  
(Children) 

Very 
strong 
evide
nce 

Prenatal and 
early-life 
exposure to 
lead, arsenic 
and mercury 
is associated 
with reduced 
IQ, impaired 
attention, 
learning 
disabilities 
and 
development
al delay. 

Indian 
studies have 
demonstrate
d reduced 
cognitive 
performance, 
lower IQ and 
impaired 
neurodevelo
pment 
among 
children 
exposed to 
heavy metals 
through 
contaminated 
drinking 
water and the 
environment. 

Safe 
drinking 
water 
should be 
recognized 
as an 
investmen
t in child 
developm
ent, 
educationa
l 
attainment 
and future 
human 
capital. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

PFAS, 
Endocrine-
disrupting 
chemicals 
(EDCs), 
Pesticides 

Endocrine 
Disruption 
&  
Metabolic 
Disorders 

Mode
rate to 
strong 
evide
nce 

Endocrine-
disrupting 
chemicals 
(EDCs), 
PFAS and 
pesticide 
residues in 
drinking 
water are 
increasingly 
associated 
with obesity, 
diabetes, 
thyroid 
dysfunction 
and 
metabolic 
syndrome 
through 
hormonal 
dysregulation. 

Indian 
evidence is 
emerging, 
particularly 
from regions 
with 
intensive 
agricultural 
pesticide use 
and industrial 
contaminatio
n. 

Strengthen 
regulation 
of 
endocrine-
disrupting 
chemicals, 
pesticides 
and 
industrial 
contamina
nts in 
drinking 
water. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Arsenic, 
Nitrates, PFAS, 
Endocrine-
disrupting 
chemicals 

Reproduct
ive 
Disorders 
&  Adverse 
Pregnancy 
Outcomes 

Stron
g 
evide
nce 

Exposure to 
arsenic, 
nitrates, 
PFAS and 
endocrine-
disrupting 
chemicals in 
drinking 
water has 
been 
associated 
with 
infertility, 
spontaneous 
abortion, 
preterm birth 
and low birth 
weight.[29] 

Indian 
longitudinal 
evidence 
remains 
limited. 
However, 
studies from 
South Asia 
demonstrate 
increased 
adverse 
pregnancy 
outcomes 
associated 
with chronic 
arsenic 
exposure 
through 
contaminated 
groundwater, 
with 
important 
implications 
for arsenic-
endemic 
regions of 
India. 

Integrate 
environme
ntal water 
quality 
assessmen
t into 
maternal 
and 
reproducti
ve health 
programm
es. 
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Major 
contaminant /  
exposure 

Health 
outcome 

Streng
th of 
evide
nce 

Internationa
l evidence 

Indian 
evidence 

Policy 
implicati
on 

Pharmaceutical 
residues, 
Antibiotics, 
Hospital 
wastewater, 
pharmaceutical 
manufacturing 
effluents, 
antimicrobial 
resistance 
genes 

Pharmace
utical 
Residues 
&  
Antimic ro
bial 
Resistance 
(AMR)  

Very 
strong 
evide
nce 

Antibiotic 
residues, 
pharmaceutic
al 
contaminants 
and 
antimicrobial 
resistance 
genes in 
aquatic 
environments 
promote the 
emergence 
and 
dissemination 
of 
antimicrobial-
resistant 
organisms. 
WHO and 
the One 
Health 
framework 
recognize 
environmenta
l 
contaminatio
n as a major 
driver of 
AMR. 

Studies from 
pharmaceutic
al 
manufacturin
g clusters, 
hospital 
effluents and 
river systems 
in India have 
demonstrate
d high 
concentratio
ns of 
antibiotic 
residues and 
widespread 
antimicrobial 
resistance 
genes in 
wastewater. 

Strengthen 
regulation 
of 
pharmace
utical 
manufactu
ring 
effluents, 
hospital 
wastewate
r 
treatment, 
environme
ntal AMR 
surveillanc
e and 
antimicrob
ial 
stewardshi
p using a 
One 
Health 
approach. 
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Key Messages 
 

1. Water pollution has evolved from being primarily an infectious disease 
problem to a major determinant of chronic non-communicable 
diseases. While diarrhoeal diseases, cholera and viral hepatitis remain 
important, increasing evidence links contaminated water to chronic kidney 
disease, cancers, neurological disorders, endocrine dysfunction, adverse 
reproductive outcomes and antimicrobial resistance.  
 

2. Chemical contaminants such as arsenic, lead, cadmium, mercury, 
chromium, nitrates, pesticides, PFAS and other endocrine-disrupting 
chemicals represent emerging public health threats. Long-term low-dose 
exposure through drinking water may contribute substantially to chronic 
disease burden.  
 

3. Children, pregnant women, rural communities and socioeconomically 
disadvantaged populations remain disproportionately affected. Early-
life exposure to contaminated drinking water may result in irreversible 
developmental impairment, reduced cognitive function and adverse 
pregnancy outcomes.  
 

4. Pharmaceutical residues and antimicrobial resistance have emerged as 
critical environmental health challenges. Untreated hospital wastewater, 
pharmaceutical manufacturing effluents and indiscriminate antibiotic use 
contribute to the environmental dissemination of antimicrobial-resistant 
organisms, highlighting the importance of a One Health approach.  
 

5. Safe drinking  water should be recognized as a cornerstone of chronic 
disease prevention, environmental sustainability and human capital 
development. Investments in water quality improvement have the potential 
to reduce both communicable and non-communicable disease burdens while 
promoting long-term economic productivity.  

 
Policy Recommendations 
 
Strengthen Water Quality Surveillance 
 
¶ Expand continuous surveillance of drinking water quality at national, state and 

district levels.  
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¶ Periodically monitor heavy metals, pesticides, PFAS, endocrine-disrupting 
chemicals and pharmaceutical residues in drinking water.  
 

¶ Develop integrated water quality databases accessible to health and 
environmental agencies.  

 
Improve Safe Drinking  Water Infrastructure 
 
¶ Accelerate universal access to safe piped drinking water under the Jal Jeevan 

Mission.  
 

¶ Upgrade municipal water treatment facilities to remove emerging 
contaminants.  
 

¶ Promote sustainable groundwater management and rainwater harvesting to 
reduce dependence on contaminated aquifers.  

 
Control Industrial  and Agricultural Pollution 
 
¶ Enforce stricter regulation of industrial wastewater discharge.  

 
¶ Strengthen monitoring of mining, tannery, textile and electroplating 

industries.  
 

¶ Promote rational pesticide and fertilizer use through environmentally 
sustainable agricultural practices.  

 
Address Pharmaceutical Pollution and AMR 

 
¶ Mandate advanced wastewater treatment for pharmaceutical manufacturing 

units and hospitals.  
 

¶ Develop national surveillance systems for pharmaceutical residues and 
antimicrobial resistance genes in aquatic environments.  
 

¶ Integrate environmental monitoring into India's National Action Plan on 
Antimicrobial Resistance using a One Health framework.  
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Integrate Environmental Health into Healthcare 
 
¶ Include environmental exposure history during evaluation of CKD, cancers, 

developmental disorders and reproductive health conditions.  
 

¶ Incorporate water quality risk assessment into maternal and child health 
programmes.  
 

¶ Strengthen collaboration between public health, environmental and water 
resource departments.  

 
Enhance Research and Innovation 
 
¶ Promote multidisciplinary research on emerging contaminants, microplastics, 

PFAS and endocrine-disrupting chemicals.  
 

¶ Encourage longitudinal cohort studies evaluating chronic health effects of 
water pollution in India.  
 

¶ Develop indigenous technologies for affordable water purification and 
contaminant monitoring.  

 
Water Pollution Research Gaps 
 
¶ Large prospective Indian cohort studies evaluating chronic exposure to 

contaminated drinking water and long-term health outcomes.  
 

¶ National surveillance data on PFAS, microplastics, endocrine-disrupting 
chemicals and pharmaceutical residues in drinking water.  
 

¶ Better understanding of cumulative health effects resulting from simultaneous 
exposure to multiple contaminants.  
 

¶ Longitudinal studies evaluating developmental, reproductive and neurological 
outcomes following prenatal and childhood exposure.  
 

¶ Research on climate change, groundwater depletion and their interactions 
with water quality and human health.  
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¶ Standardized environmental surveillance for antimicrobial resistance genes in 
surface water, groundwater and wastewater.  
 

¶ Cost-effectiveness studies evaluating interventions for removal of emerging 
contaminants from drinking water.  
 

¶ Development of integrated One Health surveillance systems linking 
environmental monitoring with human and animal health outcomes.  
 

¶ Development of inexpensive point-of-care technologies for detecting heavy 
metals, PFAS and pharmaceutical residues in drinking water. 

 
Why This Matters for India 
 
India is undergoing a significant epidemiological transition in the health effects of 
water pollution. While remarkable progress has been achieved in reducing traditional 
waterborne infections through improved sanitation and drinking water 
programmes, emerging contaminants now pose complex and long-term public 
health challenges. Chronic exposure to heavy metals, industrial chemicals, pesticides, 
pharmaceutical residues and antimicrobial-resistant organisms increasingly 
contributes to chronic kidney disease, cancers, neurological disorders, endocrine 
dysfunction, reproductive disorders and developmental impairment. 
 
Rapid urbanization, industrialization, agricultural intensification and groundwater 
depletion have increased dependence on contaminated water sources in several 
regions of the country. Vulnerable populationsñincluding children, pregnant 
women, rural communities and economically disadvantaged groupsñbear a 
disproportionate share of this burden. 
 
Addressing water pollution should therefore be viewed not only as an environmental 
priority but also as a fundamental strategy for preventing chronic diseases, 
improving maternal and child health, safeguarding future human capital and 
strengthening India's economic productivity. A comprehensive national approach 
integrating environmental regulation, public health, water resource management and 
the One Health framework will be essential to achieving sustainable development 
and protecting the health of future generations. 
 
Unlike traditional waterborne infections, many chronic health effects of water 
pollution are cumulative, irreversible and clinically silent during the early stages, 
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making prevention through environmental regulation substantially more effective 
than treatment after disease onset. 
 
Soil Pollution: Changing Trends in Human Disease - From Traditional 
Illnesses to Emerging Health Threats 
 
Executive Summary 
 
Soil pollution has emerged as a major but under-recognized environmental 
determinant of human health. Traditionally viewed as an agricultural or ecological 
issue, contemporary evidence demonstrates that contaminated soils act as long-term 
reservoirs of heavy metals, persistent organic pollutants (POPs), pesticides, 
endocrine-disrupting chemicals, microplastics and pharmaceutical residues that 
enter the human food chain.  
 
Chronic exposure contributes to cancer, chronic kidney disease, 
neurodevelopmental disorders, Parkinson disease, endocrine dysfunction, infertility 
and metabolic diseases through bioaccumulation, oxidative stress and epigenetic 
alterations. India's rapid industrialization, intensive agriculture, mining activities and 
increasing generation of hazardous waste have heightened the risk of soil 
contamination, making soil health an important component of food security, 
environmental sustainability and chronic disease prevention.  
 
Recognizing soil pollution as a public health issue rather than solely an 
environmental concern is essential for achieving India's goals related to food 
security, non-communicable disease prevention, environmental sustainability and 
One Health. 
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Figure 1. Major sources and pathways of soil pollution. Industrialization, mining, 
intensive agriculture, hazardous waste and urbanization introduce persistent 
contaminants into soil, which subsequently enter crops, livestock, groundwater and 
ultimately the human food chain. Adapted from the FAOðUNEP Global 
Assessment of Soil Pollution. 
 
Reference: FAO & UNEP Global Assessment of Soil Pollution (Ref 1) 
 
Burden of the Disease 
 
Å India has an estimated 147 million  hectares of degraded land, representing 
nearly 45% of the country's total geographical area. Water erosion (94 million 
ha), soil acidity (16 million ha), flooding (14 million ha), wind erosion (9 million ha) 
and salinity (6 million ha) are major contributors, increasing the susceptibility of soils 
to contamination and reducing agricultural productivity.  
 
Å According to the Central Pollution Control Board (CPCB), India has over 
69,000 hazardous waste-generating industries, which generated approximately 
8.78 million  metric tonnes of hazardous waste during 2019ð2020. Gujarat, 
Maharashtra and Tamil Nadu together account for a substantial proportion of 


