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Message

Dear Readers,

Wetland water quality is affected through various ecological, geological, and hydrological changes 
that take place in the wetland ecosystem. There is a change in nutrient fluxes in the system as most 
of the nutrients either get sedimented or are absorbed by emergent, submerged, or free-floating 
macrophytes. The flow of nutrients in the water also depends on water level fluctuations due to 
changes in hydrological regimes. When wetlands are used beyond their carrying capacity there are 
changes in the water quality and that is why we talk about conservation and wise use which is not 
only beneficial to the present generation but can be made sustainable for future generations too.

Wetlands have great significance as they charge aquifers, conserve moisture, act as pollution filters, 
and are habitats for biodiversity. When the world's population has increased many times freshwater 
withdrawal has increased due to massive urbanisation, growing dependence on irrigated 
agriculture, and higher standards of living. In this context, availability of water for meeting multiple 
requirements is a major challenge to the world. As our world faces many environmental challenges 
wetlands have to be saved from degradation due to overuse for human consumption. In this 
module, we would like to present knowledge and tools to address such issues.

The present module provides a comprehensive guidance on water quality. The module provides 
clues to the need for water quality, practical techniques for water quality monitoring, and effective 
strategies needed for water quality monitoring. It provides global examples of good practices 
available on water quality needed for healthy wetland management. This module will be useful for 
conservationists, managers, policymakers, researchers, and normal citizens. By promoting the wise 
use and sustainable management of wetlands we can do a little service to have healthier wetlands 
for a sustainable future.

This module forms an integral component of the efforts of Wetlands International South Asia(WISA) 
to help managers and equip them with the tools and knowledge needed to conserve wetlands. Our 
goal is to equip them with the tools and knowledge necessary to conserve wetlands in a holistic, 
organized, and efficient manner. We are hopeful that this initiative will contribute significantly to the 
enhancement of knowledge, skills, and values essential for effective water and wetland 
management.

I look forward to receiving your suggestions for further improvements to the modules. 

Dr Sidharth Kaul 
President 
Wetlands International South Asia 
February 2, 2025
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Learning Outcomes

• Appreciate the role of water quality in wetlands ecosystem

• Learn how wetland water quality gets affected by human activities and natural processes

• Learn how wetland water quality can be monitored

• Understand specific interventions through which water quality can be managed in wetlands 

• 
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1.1 Types of wetlands 

1.1 What are wetlands?
Wetlands are transitional areas between aquatic and terrestrial 
ecosystems where the water table is usually at or near the 
surface, or water covers the land. The Ramsar Convention, an 
intergovernmental treaty for wetlands conservation and its wise 
use defines wetlands as “areas of marsh, fen, peatland or water, 
whether natural or artificial, permanent or temporary, with water 
that is static or flowing, fresh, brackish or salt, including areas of 
marine water the depth of which at low tide does not exceed 
six meters”. 

Wetlands can be natural such as river floodplains, lakes, 
lagoons, mangroves, peatlands, and coral reefs as well as 
human-made such as fish and shrimp ponds, farm ponds, 
irrigated agricultural land, salt pans, reservoirs, gravel pits, 
sewage farms, and canals. These wetlands are often 
interconnected and work as a larger hydrological and 
ecological system. Figure 1.1 illustrates different types of 
wetlands and their connectivity within the landscape.

1.2 Wetlands wise use
Wetlands are managed for their wise use. The Ramsar 
Convention defines Wise Use as ‘maintenance of their 
ecological character, achieved through the implementation of 
ecosystem approaches, within the context of sustainable 
development’.

Ecological character is the “sum of the ecosystem 
components, processes, and services that characterize the 
wetland at any given point in time”. Figure 1.2 elaborates on 
interactions between different components of the ecological 
character of wetlands. 

Ecosystem approach is a strategy for the integrated 
management of land, water, and living resources that promotes 
conservation and sustainable use in an equitable way. The 
Convention on Biological Diversity has adopted the Malawi 
Principles for the implementation of ecosystem approach (See 
Box 1)

Sustainable development is a development that meets current 
human needs while preserving the environment and without 
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Wetland water quality- 
an introduction1

Figure 1.1 : Types of wetlands (credit: WISA Library)



1.2 The ecological character of wetlands

1.1 Malawi Principles for implementation of ecosystem     approach

compromising the ability of future generations to meet their 
own needs. 

Development is not the aim of every wetland. Where wetland 
development is inevitable, it has to be done in a manner that 
befits ‘sustainable development’. Thus, the wetland wise use 
aims at ensuring that wetlands provide their ecosystem services 
not only at present but also in the future. Thus ‘preservation’, 
protection’, and ‘conservation’ much form a part of wetland 
wise use.
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Box 1.1 : Malawi Principles for implementation of ecosystem approach

The Malawi Principle of the ecosystem approach to biodiversity management represents a 
significant milestone in the global conservation efforts. The principle was introduced during the 
Workshop on the Ecosystem Approach held in Lilongwe, Malawi, in January 1998. The essence of 
the Malawi Principle revolves around recognizing that sustainable management of biodiversity 
requires a holistic approach, taking into account the intricate relationships between living 
organisms and their environments. It emphasizes the need to consider social, economic, and 
cultural factors alongside ecological considerations in conservation efforts. This principle 
underscores the importance of involving local communities and stakeholders in decision-making 
processes to ensure that biodiversity conservation is both effective and equitable. The following 
are twelve principles adopted for the implementation of the ecosystem approach:

Principle 1: The objectives of management of land, water and living resources are a matter of 
societal choices

Principle 2 : Management should be decentralized to the lowest appropriate level.

Principle 3 : Ecosystem managers should consider the effects (actual or potential) of their activities 
on adjacent and other ecosystems.

Principle 4 : Recognizing potential gains from management, there is usually a need to understand 
and manage the ecosystem in an economic context.

Principle 5 : Conservation of ecosystem structure and functioning, in order to maintain ecosystem 
services, should be a priority target of the ecosystem approach.

Figure 1.2 : The ecological character of wetlands



Water is the key determinant of the wetland ecosystem 
components and processes; its quality plays a crucial role in 
maintaining the ecological character. For instance, wetland 
species such as plants and animals derive nutrients from the 
water and are directly susceptible to water quality changes. 
Similarly, wetland processes such as nutrient cycling, soil 
formation, primary production, species interactions, dispersal, 
and migration are also dependent on wetland water quality 
characteristics. For instance, lack of nutrients in water may 
deprive the growth of aquatic plants, and habitats for species 
like water birds, fishes, and other animals. This can lead to the 
migration of these species to another favorable habitat. 
Moreover, water quality also determines the extent of 
ecosystem services that humans can derive from wetlands. 
Services such as water purification, soil formation, food 
production, raw material extraction, and recreation are driven 
by the water quality of wetlands (Refer to section 1.6 for more 
information on how water quality influences wetland 
ecosystem).

The ecosystem approach of integrated management of land, 
water, and living resources requires certain water quality 
standards. Conversely, maintenance of water quality within the 
wetland demands integrated management of these three 
components at the catchment scale. For instance, land use 
within the catchment requires a certain standard quality of 
water from wetlands. This in turn affects the quality of water 
received by the wetland after its use. Also, for achieving 
sustainable development, access to water of desired quality is 
the core mandate. This again emphasizes the importance of 
water quality within the framework of wise use .
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Principle 6 : Ecosystem must be managed within the limits of their functioning.

Principle 7 : The ecosystem approach should be undertaken at the appropriate spatial and 
temporal scales.

Principle 8 : Recognizing the varying temporal scales and lag-effects that characterize ecosystem 
processes, objectives for ecosystem management should be set for the long term.

Principle 9 : Management must recognize the change is inevitable.

Principle 10 : The ecosystem approach should seek the appropriate balance between, and 
integration of, conservation and use of biological diversity.

Principle 11 : The ecosystem approach should consider all forms of relevant information, including 
scientific and indigenous and local knowledge, innovations and practices.

Principle 12 : The ecosystem approach should involve all relevant sectors of society and scientific 
disciplines.



1.3 Wetland water quality components 

1.3 What is wetland water quality?
Wetland water quality is the physical, chemical, and biological 
characteristics of water within the wetland. Their degree of 
variation from a natural undisturbed state provides a measure 
of degradation and the necessity of management intervention. 
Wetland water quality closer to its natural undisturbed state is 
considered to be better. 

Water quality indicators are a set of physical, chemical, and 
biological properties of wetland water that are indicative of the 
characteristics of water. These indicators are measured to 
provide an understanding of wetland ecosystem health. These 
indicators, although assessed separately, are interdependent 
and often interact with each other (see Figure 1.3). 

1.3.1 Physical indicators 

Physical indicators are properties that are perceptible by the 
human senses of sight, touch, hear, taste, and smell. Physical 
indicators of wetland water include turbidity, transparency, 
temperature, and color. Table 1.1 represents the different 
physical indicators and their role in the wetland ecosystem.
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Figure 1.3 : Wetland water quality components



1.1 Physical indicators of wetland water quality and its    significance in the wetland ecosystem 
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Table 1.1 : Physical indicators of wetland water quality and its significance in the wetland ecosystem 



1.2 Chemical Indicators of wetland water quality and its significance in the wetland ecosystem 

1.3.2 Chemical indicators

Water is an excellent solvent, as it dissolves a range of 
chemicals, including trace metals, organics, common ions, and 
biodegradable organics. Chemical indicators are used to 
indicate the chemical constituents of the wetland water. Table 
1.2 represents the different chemical indicators and their role in 
the wetland ecosystem.
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Table 1.2 : Chemical Indicators of wetland water quality and its significance in the wetland ecosystem 
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1.3 Biological Indicators of wetland water quality and its significance in the wetland ecosystem 

1.3.3 Biological and Microbiological indicators

Biological and microbiological indicators are indicative of the 
biotic ecosystem components of the wetland. Key indicators 
used to describe the biological and microbiological indicators 
of wetland water quality include chlorophyll a, pathogens, and 
macroinvertebrates. The composition of fish, waterbirds, and 
plant species may also serve as bioindicators of wetland water 
quality. However, these can be influenced by a range of factors 
other than those related to wetland sites. Table 1.3 represents 
the different biological indicators and their role in the wetland 
ecosystem.
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Table 1.3 : Biological Indicators of wetland water quality and its significance in the wetland ecosystem 



1.4 Ways in which wetlands influence 
water quality

1.4.1 How do wetlands function?

Wetlands as a multifunctional ecosystem provide numerous 
hydrological functions such as flow regulation, water recharge 
and storage, sediment retention, and purification through 
biogeochemical processes. During the wet period, it helps 
buffer excess water preventing flood, and in the dry period, it 
maintains the river and stream flow with the gradual discharge 
of stored water.  Wetlands by dissipating the stream energy 
reduce the flow of water. Reduction in flow favors multiple 
ecohydrological processes such as increased water retention, 
groundwater recharge, and evapotranspiration. Retention of 
water for a longer period increases the interaction of biotic and 
abiotic components leading to multiple biogeochemical 
processes, such as nutrient cycling, soil formation, settlement, 
and filtration of suspended particles. 

Water retained in the wetlands provides an opportunity for the 
settlement of suspended particles and other physical, 
biological, and chemical processes to occur.  Biological 
processes that help in water purification in wetlands include 
microbial degradation of organic matter and plant uptake. 
Chemical processes that enhance water quality are the 
adsorption of materials in the plant roots and debris, oxidation 
and reduction of nutrients, and UV degradation through 
sunlight penetration.  Filtration of suspended particles through 
plant roots, and settlement are physical processes that aid in 
water purification in wetlands (see Figure 1.4).
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1.4 Functions of wetland

1.4 Different ecosystem processes leading to water quality improvement in wetlands

1.4.2 The ways in which wetlands influence 
water quality

Wetlands are often termed as “kidneys of the ecosystem” as 
they perform water purification through multiple physical, 
chemical, and biological processes. These processes occur 
simultaneously within all three substrates of the wetlands i.e. 
soil, water, and vegetation (see Table 1.4 and Figure 1.5). 
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Figure 1.4 : Functions of wetland (credit: WISA Library)

Table 1.4 : Different ecosystem processes leading to water quality improvement in wetlands
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1.5 A schematic diagram indicating various ecosystem     processes in an inland 
wetland leading to water quality improvement

1.2 EKW - a natural wastewater treatment system for            Kolkata city 

Box 1.2 : EKW - a natural wastewater treatment system for Kolkata city 

East Kolkata Wetland, a Ramsar site in India, is located on the eastern fringe of the Kolkata 
Metropolitan City and has a spread of over 12,500 hectares. Due to its significance in treating 
enormous amounts of wastewater discharged by Kolkata city, it has often been termed as ‘Kidney 
of Kolkata’. It supports the world's largest wastewater-fed aquaculture. The wetlands are 
interconnected through the channels and contain over 260 shallow fish ponds, locally known as 
“Bheri”. Each hectare of the shallow wetland has the ability to remove 237 kg of BOD per day. As 
the Bheri are shallow, the vertical circulation of water allows the growth of algae which helps in 
nutrient uptake. Solar radiation, which is about 250 Langleys days, supports photosynthetic 
processes to occur, augmenting reoxygenation for efficient BOD and pathogen/fecal coliform 
reduction. The major factors that play a role in water treatment are shallow ponds acting as a 
stabilization pond, water hyacinth absorbing heavy metals, and sunlight penetration to the bed 
leading to efficient photosynthetic processes for bioremediation. As the nutrient-rich effluent 
traverses a complex network of fish farms, and horticultural and agricultural systems within the East 
Kolkata Wetlands, it undergoes a gradual purification process, wherein nutrients are efficiently 
extracted and redirected to support various agricultural outputs. 
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Figure 1.5 : A schematic diagram indicating various ecosystem processes in an 
inland wetland leading to water quality improvement



1.6 A schematic diagram of treatment processes in EKW 

The anaerobic ponds with a depth of 2-5 meters with a retention time of 1-5 days remove solids, 
BOD, and pathogens. The facultative fish ponds with depth varying from 1-5 meters removes 
maximum pollutants including BOD, nutrients, heavy metals, pathogens, and others. The final 
stage of treatment takes place in a maturation pond removing residual pollutants (see Figure 1.6).
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Figure 1.6 : A schematic diagram of treatment processes in EKW (Source: Scenario Journal; Stephanie Carlisle)



1.5 Influence of natural and physical setting on wetland            water quality

1.5 Determinants of wetland water 
quality
The water quality of wetlands is majorly determined by a) 
natural and physical settings and b) anthropogenic influences 
on the wetland. 

1.5.1 Natural and Physical setting

Wetland water quality is affected by natural phenomena 
primarily through ecological, hydrological, and climatic 
influences. Natural processes leading to changes in water 
quality include weathering of rocks, evapotranspiration, 
depositions due to wind, leaching from the soil, run-off due to 
hydrological factors, precipitation, and biological processes in 
the aquatic environment. Some of the major natural factors that 
affect water quality in wetlands are discussed in Table 1.5 
below: 
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Table 1.5 : Influence of natural and physical setting on wetland water quality



1.3 Sambhar Lake - India's largest inland saline wetland 

Box 1.3 : Sambhar Lake - India's largest inland saline wetland 

Sambhar lake in Rajasthan, designated a Ramsar site in 1990 and also an Important Bird Area (IBA), 
is famous for harboring flamingoes. The lake is formed out of a natural depression and is 
surrounded by the Aravalli Hills. The largest inland salt lake in the country located 100 km north-
west of Jaipur has been a major source of salt. The lake bed of Sambhar is richly silted in salts and 
turns the water naturally salty. The lake is part of a closed drainage basin that has no water outflow. 
Thus, all the salts that are received in the wetland get accumulated causing water to become 
saline. In addition, Sambhar is located in the semi-arid region of Rajasthan where summers are 
extremely hot and dry with a high evaporation rate. A combination of these reasons increases the 
salinity of the lake naturally. However, in recent times, anthropogenic activities such as the 
diversion of water meant for the lake for salt mining activities have aggravated the hypersalinity, a 
condition of excessive salt presence in the wetland. The hypersalinity observed in the Sambhar 
brine can be attributed to the gradual evaporation of freshwater within a semi-arid climatic 
context. Furthermore, the essential chemical constituents required for the formation of such 
hypersaline brine originate from the catchment rocks (Sinha, 2014).
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1.6 Influence of anthropogenic activities on wetland                water quality

1.5.2 Anthropogenic Influences

Rapid urbanization and exponential increase in population are 
putting direct stress on wetlands water quality. In India around 
72% of the total wastewater generated is getting discharged 
without any prior treatment. Domestic, industrial as well as 
agricultural waste discharged to the wetlands deteriorates the 
water quality drastically. Moreover, fragmentation and 
conversion of wetlands for other uses leads to disruption of the 
hydrological regime leading to wetland pollution. Various 
anthropogenic activities that affect the wetland water quality 
are discussed in Table 1.6 below:
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Sambhar lake- an inland saline wetland in India (Photo Credit : Sambhar Heritage)

Table 1.6 : Influence of anthropogenic activities on wetland water quality
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Fig for reference. Point and Non-point sources of wetland water pollution 



1.4 Impacts of Chemical Pesticides on Wetland Species -             the case of Sarus 
Crane in Uttar Pradesh, India  

Anthropogenic pollution can either be a point or nonpoint 
source of pollution. A point source is a single, identifiable 
source of pollution, such as a pipe or a drain that discharges 
into the wetland. Industrial wastes and discharges from 
wastewater treatment plants are commonly discharged into 
wetlands in this way. Nonpoint source pollution, unlike pollution 
from point sources, comes from many diffuse sources and thus 
their impacts are not easily attributed to a single source.

Box 4 : Point and Nonpoint source of water pollution

Box 1.4 : Impacts of Chemical Pesticides on Wetland Species - the case of Sarus 
Crane in Uttar Pradesh, India  

The Sarus Crane is one of the most iconic and charismatic bird species found in wetland 
ecosystems across Asia. Known for its majestic appearance and distinctive call, the Sarus Crane 
holds a special place in the hearts of bird enthusiasts, conservationists, and the local communities 
living in proximity to the wetlands. Wetlands are vital habitats for the Sarus Crane playing a central 
role in the life cycle and survival of this iconic bird species. These unique ecosystems provide a 
range of essential resources and environmental conditions that make them particularly well-suited 
to meet the needs of Sarus Cranes throughout their lives. Wetlands provide abundant food 
supplies to these species including aquatic plants, insects, crustaceans, and small vertebrates. It 
also provides nesting and roosting sites for Sarus Cranes as it safeguards them from land-based 
predators. 

A resident of India, it is the tallest flying bird in the world and has been classified as Vulnerable in 
the latest IUCN Red List. There has been a continuous decrease in the population of Sarus Cranes 
in Southeast Asia. In 2020, a study was conducted by the Salim Ali Centre for Ornithology and 
Natural History (SACON) to assess the status, distribution, and threats to the population of Sarus 
Crane in Uttar Pradesh. The study specifically assessed the impact of pesticides on the species. 
Samples of eggs were analyzed to understand the impact of pesticides on breeding outcomes. It 
was found that DDE, HCH, and Chlorpyrifos were the most frequently found pesticides in the egg 
samples. Chlorpyrifos residues in eggs have proven implications in the reproduction process as its 
metabolite is a proven reproductive toxicant. Detection of varying levels of chlorpyrifos in the vital 
organs including the brain has been observed, which can also cause mortality due to loss of 
orientation leading to a collision with power lines and eventual electrocution. During the study, a 
total of 22 incidents of mortality involving 24 individuals were recorded. Out of these, 21 deaths 
were observed due to electrocution and 3 due to suspected monocrotophos poisoning which is an 
organophosphate insecticide .
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Sarus Cranes at Keshopur-Miani community reserve (Photo Credit : Gitanjali Kanwar)



1.5 Impact of pollution on wetlands - The case of fire and           froth in 
Bellandur and Varthur Lakes, Bengaluru, India 

1.6 Impact of solid waste dumping on water quality of         Deepor Beel, Assam

Box 1.5 : Impact of pollution on wetlands - The case of fire and froth in Bellandur 
and Varthur Lakes, Bengaluru, India 

Bellandur lake, situated in the southeastern part of Bengaluru, India is the largest lake in the city. 
The lake forms a catchment of about 148 square kilometers and water from the lake flows east to 
Varthur Lake, eventually reaching the Pinakini River basin downstream.  Around 40% of Bengaluru's 
sewage is discharged into the catchment of these two lakes. Apart from the discharge of municipal 
sewage and industrial wastewater, solid waste dumping is also common in these lakes.

In recent times, these lakes have caught global attention but for all the wrong reasons.  Incidents 
of the lakes catching fire and foams shattering on the adjacent roads have been reported several 
times. This usually happens during pre-monsoon and monsoon when there is heavy wind and 
rainfall. The wastewater coming into these lakes brings in a variety of dissolved organic 
compounds and synthetic detergents. The major source of synthetic detergents is domestic 
households where the surfactants are used for washing clothes. Many industries upstream of the 
Bellandur and Varthur lake have also been observed discharging synthetic surfactants. 
Uncontrolled discharge of phosphate-rich detergents has led to several frothing incidents in the 
lakes. The phosphorus entering the wetland system either gets absorbed by plants or gets settled 
in the sediments. Frothing takes place when phosphorus-containing sediments get churned during 
high flow, supported by strong winds. There has been an incident of foam catching fire due to the 
presence of highly flammable higher hydrocarbons and organic polymers, mainly attributed to the 
discharge from industries around these lakes (Ramachandra et al, 2017).
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Box 1.6 : Impact of solid waste dumping on water quality of Deepor Beel, Assam

Deepor Beel, the only Ramsar site of Assam, is a freshwater floodplain wetland situated at the 
southern bank of the River Brahmaputra. It is located around 10 km from the capital city, Guwahati. 
The wetland supports 200 species of birds, of which 70 are migratory. It has been included in the 
list of Important Bird Areas (IBA) by Birdlife International since 2004. The wetland was originally 
connected to the river through another lake named Sola Beel. 

Fire and froth at Bellandur lake (Photo Credit : DCP Traffic East / Twitter)



1.7 Microplastics - an Emerging Contaminant adversely     impacting wetland 
ecosystem     

Box 1.7 : Microplastics - an Emerging Contaminant adversely impacting wetland 
ecosystem     

Microplastics are small plastic particles that are typically less than 5 millimeters in size, often much 
smaller, and they can take various forms such as fragments, fibers, or microbeads. These particles 
originate from the fragmentation and breakdown of larger plastic items, like bottles, bags, and 
packaging, as well as from the degradation of synthetic materials used in textiles and personal care 
products.      

The proliferation of microplastics, an emerging contaminant stemming primarily from 
anthropogenic activities, has cast a concerning shadow over the delicate wetland ecosystem, 
greatly impacting its aquatic life. These minute plastic particles find their way into wetlands 
through various pathways such as runoff from urban areas, industrial discharges, and even the 
breakdown of larger plastic debris. As they enter wetland waters, these persistent pollutants are 
consumed by a diverse range of aquatic organisms including fish, invertebrates, and even 
microscopic plankton.
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However, anthropogenic activities such as the construction of buildings, railway tracks, and 
national highways (NH-37) led to the disruption of the network (Niti Aayog, 2008). 

Despite having numerous ecohydrological importance, one of the sides of the wetland was 
assigned as a dumping site for the capital city. The low-lying dumping site is directly connected 
and acts as a source of pollution to the Beel. Numerous studies have shown the detrimental effect 
of leachate, coming from solid waste, on the water quality of the Beel. The presence of heavy 
metals above the permissible limit in the leachate as well as in water and a high level of BOD has 
indicated the adverse effect of solid waste dumping. Moreover, the presence of pollutants has led 
to the occurrence of the highest percentage of tolerant species of insects (Choudhury and Gupta, 
2017). 

Solid waste dumping in Deepor Beel (Photo Credit : Indiawaterportal.com)



1.6 The need to maintain wetland water 
quality 
Maintaining water quality is an essential element of Wetlands 
Wise Use. Abrupt fluctuations in water quality with reference to 
its natural state can lead to an adverse change in its ecological 
character. The impact of water quality on each component of 
wetland ecological character has been discussed below:
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 The consequences are multi-fold, as the presence of microplastics can lead to physical harm, 
internal damage, and even altered feeding behaviors in these species. Additionally, the absorbed 
toxins present on the surface of microplastics can leach into the surrounding water, further 
exacerbating the contamination of wetland ecosystems. This cumulative impact not only disrupts 
the delicate balance of wetland food chains but also poses potential threats to the broader 
environment and human health as the toxins move up the food chain. Urgent measures are 
needed to curb the influx of microplastics into wetlands, safeguarding the vitality of these crucial 
habitats and the intricate web of life they support.

In India, multiple studies have shown the presence of microplastics in wetlands and its adverse 
impact on the ecosystem. A study by Rajeswari et al.,2023 assessed microplastic pollution in Kolvai 
Lake, Tamil Nadu, and found that there was an abundance of microplastic in the system leading to 
a decreased population of zooplankton. These findings suggested that microplastics built up in 
wetland environments can have severe concerns because of their capacity to infiltrate the food 
web. Similarly, Li et al.,2023 studied the impact of microplastics in coastal wetlands. The study 
assessed sources of microplastics in Kayamkulam estuary, Kerala, and found that sewage 
discharge, aquaculture and ocean navigation, tidal or wave actions, atmospheric deposition, and 
surface runoff were the main sources of microplastic pollution.

Plastic pollution in wetlands (Photo Credit : Ravi Prakash; WISA)



1.7 Influence of water quality on the ecological character of wetlands
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Table 1.7 : Influence of water quality on the ecological character of wetlands
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Figure 1.7 represents the general interactions between water 
quality and the ecological character of wetlands. The influences 
of water quality and elements of ecological character have 
been shown through examples. 
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1.7 A schematic diagram representing interaction between      water quality and ecological character of wetlands
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Figure 1.7 : A schematic diagram representing interaction between water quality and ecological character of wetlands
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Local users extracting raw material from Udhwa wetland influencing its water quality (Photo Credit : Ravi Prakash; WISA)
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2.1 Wetland Inventory, Assessment and Monitoring

Effective monitoring of wetland water is essential for preserving 
these vital ecosystems. It serves as an early warning system for 
pollution, enabling timely intervention to protect the delicate 
balance of wetland habitats. Regular assessments of ecological 
health and biodiversity help inform conservation strategies, 
ensuring the resilience of wetland ecosystems. Monitoring also 
plays a crucial role in evaluating restoration initiatives and 
controlling the spread of invasive species, contributing to the 
overall success of conservation efforts. Beyond ecological 
considerations, monitoring supports informed policy-making, 
aids in understanding the impacts of climate change on 
wetlands, and promotes human health by ensuring the safety of 
water sources. Additionally, the data generated through 
monitoring serves as a valuable educational tool, fostering 
community engagement and enhancing public awareness of 
the importance of wetland conservation. In essence, 
comprehensive monitoring is integral to sustaining the 
ecological, social, and economic functions of wetlands for 
current and future generations.

2.1 Setting monitoring purpose and 
objectives
Water quality monitoring programmes should be guided by a 
clear understanding of purpose, feasibility, and end-use. 
Objective identification helps in selecting the relevant 
indicators that need to be monitored. For instance, if the 
objective is to understand the impact of agricultural runoff on 
the wetland, indicators such as nutrients and dissolved oxygen 
should be of utmost priority.

Water quality monitoring objectives should be designed in such 
a way that it is economically and practically feasible. 
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2Monitoring wetland 
water quality

Box 2.1 : Wetland Inventory, Assessment and Monitoring

The Ramsar’s Framework for Wetland Inventory (Resolution VIII.6) defines wetland inventory, 
assessment and monitoring as follows:

• Wetland Inventory : the collection and/or collation of core information for wetland 
management, including the provision of an information base for specific assessment and 
monitoring activities.



2.1 Wetland water quality monitoring strategy

The ultimate objective of the monitoring design should be to 
minimise the cost  without sacrificing the desired information to 
the level of precision. Scoping and designing of wetland water 
quality monitoring programmes should be  based on clear 
scientific understanding of issues, relevant background 
information, monitoring objectives, desired outcomes, 
appropriate methods and the dynamics and characteristics of 
wetland water systems. Figure 2.1 shows the strategy for 
monitoring wetland water quality.
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• Wetland Assessment : the identification of the status of, and threats to, wetlands as a basis for 
the collection of more specific information through monitoring activities.

• Wetland Monitoring : the collection of specific information for management purposes in 
response to hypotheses derived from assessment activities, and the use of these monitoring results 
for implementing management.

Figure 2.1 : Wetland water quality monitoring strategy

Adapted from Water Quality Monitoring - A Practical Guide to the Design and Implementation of Freshwater Quality Studies 
and Monitoring Programmes (UNEP/WHO)



2.1 Objective based wetland water quality monitoring system

Setting up objectives for which water quality monitoring is to 
be done provides the guidance for developing a water quality 
monitoring system in place. Following are a few examples of 
defining indicators according to the objective. Similarly, 
different indicators can be chosen according to the objective 
defined. 

2.2 Measuring water quality indicators
There are few indicators that require in-situ measurement such 
as pH, conductivity, transparency, turbidity. Other indicators can 
be tested in NABL accredited water quality testing laboratories. 
Indicators such as dissolved oxygen, total dissolved solids, can 
be tested by both methods.
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Table 2.1 : Objective based wetland water quality monitoring system



2.2 Measuring physical indicators 

2.3 Measuring chemical indicators
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Table 2.2 : Measuring physical indicators 

Table 2.3 : Measuring chemical indicators
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2.4 Measuring biological indicators

2.2 Isotope Hydrology - An innovative technique for water     
quality monitoring
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Table 2.4 : Measuring biological indicators

*Test kit manual refers to the  manual provided by the manufacturing company
*For further details on water quality monitoring  refer to CPCB guidelines for water quality monitoring  and BIS manuals :

https://cpcb.nic.in/openpdffile.php?
id=UmVwb3J0RmlsZXMvTmV3SXRlbV8xMTZfR3VpZGVsaW5lc29mIHdhdGVycXVhbGl0eW1vbml0b3JpbmdfMzEuMDcuMDgu
cGRm

https://www.services.bis.gov.in:8071/php/BIS/PublishStandards/published/standards?commttid=MzUx

In-situ water testing kit (Photo Credit : Jal-Tara )

Box 2.2 : Isotope Hydrology - An innovative technique for water quality monitoring

Isotope hydrology is a powerful and innovative technique used for water quality monitoring in 
wetlands. It involves the study of isotopic variations in water molecules, which can provide valuable 
insights into the sources, movement, and behavior of water in wetland ecosystems.  Isotopes are 
atoms of the same element that have the same number of protons but different numbers of 
neutrons. In water, the most commonly studied isotopes are deuterium (2H) and oxygen-18 (18O). 
These isotopes can vary in abundance depending on the source and history of the water.
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Isotope hydrology can help identify the sources of water in wetlands. Different water sources, such 
as precipitation, surface water, groundwater, and anthropogenic inputs, have distinct isotopic 
signatures. By analyzing the isotopic composition of wetland water, researchers can determine the 
contributions of various water sources. It can be used to trace the movement of water within 
wetlands. This is especially useful for understanding the flow paths, residence times, and exchange 
processes within wetland ecosystems. Isotopic data can help characterize the hydrological 
dynamics and connectivity of wetland systems. Isotope hydrology is sensitive to seasonal variations 
in wetland water, such as evaporation and recharge patterns. The isotopic composition of water 
can change over time due to these processes, and monitoring these variations can provide 
important information about wetland hydrology. 

Apart from assessing water flows, isotopes can be used to track the movement of nutrients (e.g., 
nitrogen and carbon) in wetlands. By studying isotopic ratios of these elements, researchers can 
gain insights into nutrient cycling processes, including uptake, transformation, and release within 
wetland ecosystems. It can be used to assess the impact of human activities on wetland water 
quality. It can help identify contamination sources, track pollutant transport, and assess the 
effectiveness of wetland restoration efforts.  For instance, Liao et al., 2022 assessed sources of 
Nitrate in a Karst wetland, Southwest China, using isotope studies. The study used nitrate isotopes 
(15N-NO3 and 18O-NO3) to trace nitrate movement in the wetland. Another study by Choi et 
al.,2020 traced nitrate using stable isotope δ15N in Chydorus sphaericus (OF Müller), to 
investigate hydrological characteristics and nutrient states in artificial wetlands near the Nakdong 
River, South Korea. 

The information obtained through isotope hydrology can be valuable for wetland conservation and 
management. It can guide decisions related to wetland restoration, habitat preservation, and water 
resource management. It provides a deeper understanding of wetland hydrology, sources of water, 
nutrient dynamics, and the impacts of human activities. By incorporating isotope analyses into 
wetland management and research, we can better preserve and protect these ecologically 
significant ecosystems.
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Sustainable wetland management entails conserving its species, 
communities, ecosystem processes and the services they 
provide. Water in a wetland may be subjected to various types 
of uses such as for drinking, recreation, fisheries, agriculture, 
and industry. Among these types of uses, there is one use that 
demands the highest level of water quality or purity, and that is 
termed as ‘Designated Best Use’ in that stretch of the wetland. 
Each of these designated uses has a different defined chemical, 
physical and biological standards necessary to support that use. 
For example, higher standards for drinking water are required 
compared to those used in agriculture. This classification can 
assist wetland managers to set water quality targets and design 
suitable management programs for various wetlands.

Targets for water quality depend on the specific objectives that 
need to be achieved for wetlands conservation and 
management. For example, if the focus is to protect the 
wetland species, the  target should be designed such that it 
takes into account the water quality needs of the species 
considered. If the priority is to maintain drinking water quality, 
then targets should define the concentration of indicators such 
as BOD, coliforms, nutrients among others. Therefore, specific 
water quality targets should be set to achieve particular 
objectives.

3.1 Setting target for wetland species 
and ecological communities
Wetland species include plants, birds, animals, and 
microorganisms that are directly dependent on the wetland 
ecosystem. These species require certain favorable water 
quality, for their growth and survival. Adequate amount of food 
supply including nutrients, available dissolved oxygen, and 
absence or adequate presence of toxic elements are some of 
the essential wetland water quality criteria for species survival. 
For instance, chemical elements like zinc, boron, manganese, 
and copper are essential for aquatic organisms but only at trace 
concentrations. Similarly, nutrients such as nitrogen and 
phosphorus are essential for survival and the growth of wetland 
species however they become toxic in excess concentration.

As discussed in chapter 1, water quality indicators are usually 
interdependent. Hence one indicator can affect the 
concentration of others. For example, an increase in wetland 
temperature is related to a decrease in dissolved oxygen. 
Similarly, the toxicity of a few elements such as zinc, lead, and 
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3 Setting water quality targets 
for wetland management



3.1 Biological Water Quality Criteria (BWQC) of the Central Pollution Control Board

copper gets exaggerated by a decrease in dissolved oxygen 
levels in the wetlands.

Hence wetland species can be susceptible to a particular 
indicator both directly and indirectly through other indicators.

Owing to the diverse physical, chemical, and biological 
characteristics, it is not possible to set a standard value for 
water quality indicators for wetland species. However, certain 
ranges within which species thrive have been established 
through various studies. For instance, the criteria value of 
dissolved oxygen for the proper functioning of wetland species 
usually ranges from 5-6 mg/l for warm water and 6.5-9.5 mg/l 
for cold water (WHO,1996). Similarly, a pH range of 6.5 to 9 has 
been observed to be most appropriate for the sustenance of 
fish communities. In India, the Designated Best Use criteria 
provided by CPCB suggest three water quality indicators for the 
propagation of wildlife and fisheries:

• pH - 6.5 to 8.5

• Dissolved Oxygen ≥ 4 mg/l

• Free Ammonia (as N) ≤ 1.2 mg/l
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Box 3.1 : Biological Water Quality Criteria (BWQC) of the 
Central Pollution Control Board

BWQC is a biomonitoring protocol developed by the CPCB to assess the health of surface water 
bodies. Table presents the criteria to analyze the range of saprobic and diversity scores of the 
benthic macroinvertebrate families with respect to water quality. The saprobic score represents the 
average sensitivity of the families of macro-invertebrates towards pollution. A high saprobic score 
reflects high DO and low biodegradable organic matter whereas, the opposite condition is 
indicated by a low score. The diversity score is derived through different characteristics of a 
community such as the number of existing taxa (Richness), the distribution of individuals equally 
(Evenness), and the total number of existing individuals. The Biological Water Quality class is 
assigned based on the saprobic and diversity scores indicating the status of water quality. 

Currently, the scorecard has been used for river water quality monitoring. The tool has been 
adopted for the biological water quality assessment of River Ganga and its tributaries under the 
Water Quality Monitoring (WQM) project sponsored by the National Mission for Clean Ganga 
(NMCG). However, it can be potentially adopted for inland as well as coastal wetlands for 
monitoring pollution due to the abundance of macroinvertebrate population. 

(Source: CPCB)

To know more about BWQC, 

See:https://cpcb.nic.in/openpdffile.php?
id=UmVwb3J0RmlsZXMvMTM0NV8xNjM4NTM1MzczX21lZGlhcGhvdG80MzIzLnBkZg==



3.1 Role of dissolved oxygen in the release of greenhouse       gases (CH4 and CO2) from wetland ecosystem

3.2 Setting target for wetland 
ecosystem processes
Carbon Cycle

The carbon cycle within the wetland ecosystem decides the 
dynamics of sequestration and release of greenhouse gases 
carbon dioxide and methane into the atmosphere. Anaerobic 
decomposition of organic matter releases methane as well as 
carbon dioxide whereas aerobic decomposition releases only 
carbon dioxide. As the different processes in wetlands are 
dynamic and take place at the same time, a combination of 
anaerobic and aerobic decomposition occurs. Figure 3.1 
illustrates the role of oxygen in the overall carbon cycle in the 
wetland ecosystem.
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Figure 3.1 : Role of dissolved oxygen in the release of greenhouse gases (CH4 and CO2) from wetland ecosystem 
(Adapted from Limpert et al.)



3.2 Eutrophication due to excessive nutrient loading into the wetland 

Nutrient cycling

Nutrient cycling in wetlands mainly includes the phosphorus 
cycle, nitrogen cycle, and carbon cycle. These cycles take place 
in wetlands through various biogeochemical processes. Water 
quality is a major factor in the nutrient cycle as it contains these 
nutrients either in precipitated form or dissolved form. 
Anthropogenic activities disrupt these cycles by adding excess 
nutrients to the system. Excess of nutrients leads to 
eutrophication in wetlands which can lead to mortality in 
wetland species. As anthropogenic phosphorus can be 
controlled through the prevention of its uses in agriculture, 
households as well as in industries, it becomes the limiting 
factor in the wetland ecosystem. Therefore, the target setting 
for nutrient cycling requires regulating the amount of 
phosphorus in the environment (see Figure 3.2). 

Dispersion and Migration

Water quality indicators are major factors that influence the 
dispersion and migration of wetlands species. Unsuitable 
conditions lead to the migration of species to the favourable 
environment.  Moreover, certain species require specific water 
characteristics during the different stages of their life cycles. For 
instance, anadromous fishes migrate from saltwater to a 
freshwater environment and catadromous fishes migrate from 
freshwater to saltwater for spawning (see Figure 3.3). Therefore, 
for setting wetland water quality targets related to dispersion 
and migration, the focus should be given to the provision of 
favorable environmental conditions for these processes to take 
place.  
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Figure 3.2 : Eutrophication due to excessive nutrient loading into the wetland 



3.3 Spawning migration of different fishes in relation to            salinity level

3.3 Setting target for ecosystem 
services
The wetland ecosystem services derived by humans require the 
maintenance of certain water quality criteria. These services are 
often translated in terms of the designated best use of the 
wetland water such as drinking water supply, irrigation, 
livestock, recreation, etc.  

3.3.1 Drinking water supply

Drinking water supply requires the highest standard of water 
quality. Targets related to drinking water quality depend on the 
available treatment processes. For instance, if the wetland 
water is provided with the conventional treatment systems 
(treatment with three stage systems of physical, chemical, and 
biological removal of pollutants) including disinfection, then the 
standard of the wetland water quality will be set lower 
compared to that without any treatment. However, while setting 
targets for wetlands where water is directly being used for 
consumption, targets for drinking water without any treatment 
should be emphasized. This is imperative, especially in 
developing countries like India where large populations are 
dependent directly on the wetlands for drinking water sources. 
The best use criteria for drinking water (with and without 
conventional treatment), as specified by CPCB, include 
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Figure 3.3 : Spawning migration of different fishes in relation to salinity level 
(Adapted from Tamario et al.) 



indicators such as Total coliform, pH, dissolved oxygen, and 
Biochemical Oxygen Demand (BOD).

Best-use criteria for drinking water source after conventional 
treatment and disinfection:

• Total Coliforms ≤ 5000 MPN/100ml

• pH 6-9

• Dissolved Oxygen ≥ 4 mg/l

• Biochemical Oxygen Demand (5 days 20°C) ≤ 3 mg/l

Best-use criteria for drinking water source without conventional 
treatment but after disinfection:

• Total Coliforms ≤ 50 MPN/100ml

• pH 6.5-8.5

• Dissolved Oxygen ≥ 6 mg/l

• Biochemical Oxygen Demand (5 days 20°C) ≤ 2 mg/l

3.3.2 Irrigation 

One of the important ecosystem services that humans derive 
from wetlands is the supply of water for irrigation. Wetland 
water quality affects agricultural productivity by causing the 
accumulation of salts in the root zone of the crops, or by 
reducing the permeability of the agricultural soil due to the 
leaching of the salts. Wetland water containing pathogens can 
hinder the growth of the crops. Moreover, the consumption of 
crops containing pathogens can lead to gastrointestinal issues 
as well as other illnesses in humans. Criteria for irrigation water 
use often consider indicators such as crop tolerance to salinity, 
phytotoxicity to trace elements such as boron, heavy metals, 
and pesticides, and the Sodium Absorption Ratio (SAR). Global 
criteria for irrigation water quality have been established by the 
Food and Agriculture Organization (FAO) of the United Nations. 
Moreover, in India CPCB has set the standard for water quality 
specifically for irrigation purposes.  

CPCB Best-use Criteria for Irrigation:

• pH 6.0-8.5

• Electrical Conductivity at 25°C < 2250 µmhos/cm

• Sodium absorption ratio maximum 26

• Boron < 2 mg/l
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3.3.3 Livestock

Wetlands species including plants and animals have been a 
source of food supply for the livestock. Hence any quality 
indicator  that affects the wetland species has direct as well as 
indirect effects on livestock. Moreover, the consumption of 
poor-quality water containing pathogens or any toxic elements 
can be fatal. Indicators of concern include high levels of trace 
metals, pathogens, nitrates, sulfates, salinity, among others. As 
most of the livestock are then consumed by humans, water 
quality criteria for livestock have direct implications for human 
health as well. Even though there are no specific standards 
available for wetland water quality for livestock, given the  
human-livestock relationship, the  human-centric criteria should 
be taken into consideration while setting the targets.

3.3.4 Recreational use

Recreational use of wetland water includes bathing, eco-
tourism, swimming, and other water-sports activities. Therefore, 
water quality criteria for recreation should be aimed at 
protecting human health from direct and indirect contact. This 
includes protection from pathogens that have the potential to 
cause illnesses such as gastrointestinal problems, and ear, eye, 
or skin infections. Criteria for recreational use include public 
health indicators such as  exposure to fecal coliforms and other 
microbiological indicators. CPCB has specifically emphasized 
setting targets for bathing in Best-use criteria. 

Outdoor bathing (organized):

• Total Coliforms ≤ 500 MPN/100ml

• pH 6.5-8.5

• Dissolved Oxygen ≥ 5 mg/l

• Biochemical Oxygen Demand (5 days 20°C) ≤ 3mg/l
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As discussed in the previous chapter, wetland water quality 
targets are determined by their ultimate use.  There is no single 
intervention that can lead to achieving wetland water quality 
targets. Instead, a holistic approach of multiple interventions 
can have the desired results. Understanding the cause of 
pollution and planning interventions accordingly gives 
sustainable results in the long run. Examples of interventions to 
achieve wetland water quality targets include pollution 
abatement through different treatment infrastructures, 
especially nature-based solutions like constructed wetlands, 
floating wetlands, bioswales, etc. The second type of 
intervention includes managing the water regime of the 
wetlands which can help in maintaining the naturalness of the 
water quality within the wetland. The third type of intervention 
includes having EIA and other regulatory mechanisms to 
regulate wastewater discharge in the wetland and take strict 
action against those who do not adhere to the regulation. 
Integrated management and inter-sectoral coordination are 
important for overall sustainable management and wise use of 
wetlands.  Having proper monitoring arrangements and 
capacities of stakeholders to monitor their wetlands plays a 
crucial role in achieving desired targets.

4.1 Pollution abatement 
Pollution abatement refers to measures through which 
reduction of pollutants is achieved. This can be either done 
through technological interventions or by taking preventive 
measures. Technological interventions for pollution abatement 
include establishing gray-green infrastructure for the removal of 
pollutants. Preventive measures include sustainable production 
systems and source prevention.

Grey-Green infrastructure

Grey infrastructure for pollution abatement includes centralized 
as well as decentralized sewage treatment plants (STPs). These 
are systems specifically constructed to remove pollutants 
through various physical, chemical, and biological processes. 
Physical processes include skimming, screening, direct filtration, 
etc. Chemical processes mainly involved in STPs are adsorption, 
precipitation, and disinfection. Common biological methods for 
wastewater treatment are aerated lagoons, trickling filters, 
rotating biological contactors, anaerobic digestion, and 
biological nutrient removal. Green infrastructure that helps in 
treating wastewater includes constructed wetlands, bioswales, 
retention and detention ponds, in-situ water treatment systems, 
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4.1 Restoring the hydrological regime of Chilika

etc. The major pollution abatement mechanisms in these 
systems are plant uptake, microbial degradation, 
photodegradation, sedimentation, adsorption, and filtration. 
The individual impact of this infrastructure may not be 
adequate to cope with current pollution standards. Therefore, 
the integration of grey-green infrastructure is required to 
mitigate the pollution impact.

Sustainable production systems

Sustainable crop production systems, livestock and aquaculture 
plays an important role in pollution abatement. Limiting and 
optimizing the type, amount and timing of pesticide and 
fertilizers application is one of the crucial steps of sustainable 
crop production. Establishment of protection zones within the 
farmlands can also restrict pollutants to escape to nearby 
wetlands. Sustainable irrigation schemes and technologies such 
as drip and sprinkler  irrigation can reduce the  outflow of 
pollutants to the receiving wetlands by reducing the discharge.

4.2 Managing water regimes 
Hard engineering  approaches such as construction of dams 
and barrages for water regulation have disrupted the natural 
water regime. This has not only led to disconnectivity between 
different waterscapes but also has led to deterioration of water 
quality due to disruption of environmental flow.  Environmental 
flow is the minimum flow required to maintain the ecological 
health of aquatic ecosystems and to promote socio-economic 
sustainability.  Managing water regimes through which 
sustainable  environmental flow can be assured is one of the 
solutions for wetland water quality management. Redeveloping 
the lost connectivity between various waterscapes including 
wetlands can aid in achieving water quality targets. 

46

Water quality for wetlands 
conservation and wise useModule 3 |

Box 4.1 : Restoring the hydrological regime of Chilika

Lake Chilika, situated on the eastern coast of India, is the largest coastal lagoon in the region. It 
has been officially recognized as a Wetland of International Importance, designated as a Ramsar 
Site under the Convention on Wetlands since 1981. 

From 1950 to 2000, Lake Chilika faced a period of rapid deterioration primarily due to an increase 
in sediment accumulation from its catchment areas and reduced connectivity with the sea. This 
resulted in significant negative impacts such as a decline in fisheries, the proliferation of invasive 
weeds, and a decrease in the lagoon's size and water volume. These changes had far-reaching 
consequences on the local communities, particularly those dependent on fishing activities for their 
livelihoods. 

In 2000, a significant hydrological intervention was executed by opening a new outlet to the Bay of 
Bengal. This intervention yielded positive outcomes, including the restoration of optimal salinity 
levels, increased fish catch, a reduction in invasive species, and an overall enhancement of water 
quality. These improvements facilitated the recovery of resources, thereby considerably enhancing 
the livelihoods of the communities dependent on the lake.



4.3 Constructed wetlands 
Constructed wetlands (CWs) are engineered systems that 
replicate the properties and processes of natural wetlands 
specifically wastewater treatment. The major components of 
CWs are filter material (Substrate), vegetation, excavated basin, 
and inlet-outlet system. It mimics the natural biogeochemical 
processes of natural wetlands such as nutrient uptake, filtration, 
settlement, oxidation, etc, but in a controlled environment. 
Constructed wetlands are usually decentralized in nature, 
meaning they can be constructed locally at the pollution source 
and do not have mandatory requirements for large sewer 
networks like conventional treatment systems. 

Pollutant removal mechanisms of constructed wetlands include 
plant metabolism, sedimentation, filtration and adsorption, and 
bacterial degradation (see Table 4.1).

Suspended solids in the constructed wetlands are removed by 
the process of sedimentation and filtration. Similarly, soluble 
organic matter is removed by biological degradation either 
aerobically (in the presence of oxygen) or anaerobically (in the 
absence of oxygen). Phosphorus removal takes place in the 
CWs through adsorption, precipitation, biotic assimilation, and 
plant uptake. Processes involved in nitrogen removal in the 
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The successful outcomes of the restoration initiatives prompted the Government of India to 
request the Ramsar Convention Bureau to consider removing Lake Chilika from the Montreux 
Record. In 2002, this request was granted based on the recommendations of a Ramsar Advisory 
Mission. The remarkable achievements of the restoration efforts were also acknowledged through 
the Ramsar Wetland Conservation Award and the Evian Special Prize, both conferred upon the 
Chilika Development Authority in 2002.

Opening of the mouth  at Chilika to restore salinity gradient (Photo Credit : WISA Library)



4.1 Removal mechanism of constructed wetlands

CWs system are ammonification followed by nitrification, 
denitrification, adsorption, plant uptake, and ammonia 
volatilization. Similarly, metals are removed by plant uptake, 
microbial oxidation, reduction, adsorption, complexion, and 
precipitation. Removal of pathogens in the wastewater occurs 
through sedimentation, filtration, UV irradiation, natural die-off, 
predation, or even by excretion of antibiotics from the roots of 
macrophytes. 

4.3.1 Types of constructed wetlands

Constructed wetlands are characterized according to various 
classifications such as the type of macrophytes being used, flow 
pattern of the water, configuration, type of substrate used, type 
of wastewater loading, and level of treatment required. Figure 
4.1 shows the classification of constructed Wetlands and their 
type.
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Table 4.1 : Removal mechanism of constructed wetlands

(Source: UN-HABITAT )



4.1 Classification of Constructed wetlands

Among these classifications, CWs according to the flow type 
have been discussed. According to the flow type, CWs can be 
classified into Horizontal and Vertical flow types. 

4.3.1.1 Horizontal Flow (HF) type CWs 

Horizontal Flow types constructed wetlands are systems in 
which the flow direction of the wastewater is more or less 
horizontal. In the HF-type systems, the rhizosphere is the zone 
of aerobic decomposition of organic matter. Horizontal flow 
wetlands can effectively remove the TSS and BOD. Removal of 
nitrogen is limited in HF-type CWs as oxygen supply is 
constrained in such systems.

4.3.1.2 Vertical Flow type CWs 

In the vertical flow systems, the water flows from the top to the 
bottom of the wetland intermittently. The water slowly 
percolates and passes through the system of the rhizosphere 
and substrate media. The water received at the bottom of the 
wetland is then collected through the drainage system. As the 
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Figure 4.1 : Classification of Constructed wetlands (credit: Sneha Parul)



bed drains freely and intermittently in these systems, this leads 
to natural aeration of the bed hence providing oxygen to the 
next batch of wastewater fed to the wetland. The oxygen 
transfer through this process of diffusion is higher compared to 
the oxygen transfer by plants. Vertical flow type CWs are 
preferred over Horizontal ones, as the high oxygen transfer 
leads to high nitrogen removal through nitrification. Moreover, 
they are also compact in size as compared to HF types and 
more efficient in removing BOD and even pathogens. 

4.3.1.3 Hybrid

In a few circumstances, a hybrid system that involves both 
horizontal and vertical flow of wastewater is used. Although 
oxygen transfer is greater in vertical flow systems, there are 
some benefits that can be achieved by using horizontal systems 
such as better solid removal capacity, less susceptibility to 
clogging, etc. Hence hybrid systems are used to derive the 
benefits of both systems. The hybrid system can have 
arrangements in which VF systems are followed by HF systems 
or vice-versa.

4.3.2 Advantages and disadvantages of 
constructed wetlands 

Constructed wetland has emerged as an alternative or addition 
to conventional wastewater treatment systems. There are 
numerous advantages of using CWs such as cost efficiency, 
easy O&M, eco-friendliness, and multi-functionality. However, 
there are certain limitations associated with its use. These 
include the requirement for large areas, and knowledge 
requirements related to wetland ecology and functions. There is 
also a need for regular harvesting of biomass for the proper 
functioning of the system. 

4.3.2.1 Advantages

• Cost efficient compared to the conventional wastewater 
treatment systems.

• Easy to operate and maintain

• Energy-efficient as the system does not need fossil fuels for 
operation.

• Provides multiple ecosystem services apart from purification 
such as recreation, fisheries, biomass production and even 
water supply

4.3.2.2 Disadvantages

• Larger area requirement leading constraints in terms of 
availability and affordability

• Requires knowledge of wetland ecology 
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4.2 Use of constructed wetlands for the revival of Jakkur Lake

• Require periodic harvesting of biomass 

• Optimization of systems becomes difficult when various 
wastewater gets mixed
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Box 4.2 : Use of constructed wetlands for the revival of Jakkur Lake

Jakkur is one of the largest lakes in the grid of human-made lakes in the city of Bengaluru and is 
located in the northeastern part of the city. Unplanned development in the area surrounding the 
lake had led to solid waste filling its feeder channels. This choked the natural watershed so much 
that the lake resembled a dumping yard. The lake receives water from many inlets with some 
mixed with domestic sewage. A constructed wetland system was designed to receive treated 
wastewater from a nearby STP and domestic sewage from the surrounding areas. The naturally 
treated wastewater from the wetland was then released into the lake. The constructed wetland 
covers approximately 7 acres in the northern part of the lake and accounts for approximately 4.4% 
of the total lake area. The constructed wetland system consists of Typha planted at the inlet and on 
the edge of the wetland, followed by Alligator weed and Water Hyacinth. Fishermen at the lake 
maintain the wetland and the lake by harvesting the plants as required. At present, the constructed 
wetlands have been very effective in removing organics and nutrients. Raw sewage is diluted with 
the treated wastewater and the remaining treatment takes place in the constructed wetlands .

Jakkur lake, Bengaluru: A wetland revived through a constructed wetland system (Photo Credit : Mongabay)



4.2 Overview of Acts and Regulations for protection of water quality in wetlands in India

4.4 EIA and regulatory systems 
Environment impact assessment is the process of evaluating the 
likely socio-environmental impacts of a proposed project or 
development. This is done taking into account the socio-
economic, cultural, and human health impacts.   A decision-
making tool, EIA compares various alternatives for a project and 
seeks to identify the one that represents the best combination 
of economic and environmental costs and benefits. EIA 
systematically examines both beneficial and adverse 
consequences of the project and ensures that these effects are 
taken into account during project design.  Apart from EIA, there 
are several other regulatory tools for water quality management 
in India. On national and state levels, we have several policies 
and regulations like the Water (Prevention and Control of 
Pollution) Act, 1974 to regulate pollution discharges and restore 
water quality of our aquatic resources including the prescription 
of monitoring activities. Under the Water Act, of 1974, pollution 
control boards were created, which are responsible for the 
implementation of its provisions. Table 4.2 shows the overview 
of Acts and Regulations for the protection of water quality in 
wetlands in India.
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Table 4.2 : Overview of Acts and Regulations for protection of water quality in wetlands in India



4.3 Designated best use criteria by CPCB

One of the important provisions of the Water Act, 1974 is to 
maintain and restore the ‘wholesomeness’ of our aquatic 
resources. The Central Pollution Control Board (CPCB) is an 
apex body in the field of water quality management in India. 
For rational planning of any water quality management 
programme, CPCB needs to know the nature and extent of 
water quality degradation To define the level of 
‘wholesomeness to be maintained or restored a system of water 
use classification was developed. Under this system water uses 
are classified in 5 classes. Table 4.3 represents the standards set 
by CPCB for designated best use criteria of surface water which 
includes wetlands:
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Table 4.3 : Designated best use criteria by CPCB



4.4 Overview of WWTP discharge standards into inland      wetlands

As the treated wastewater from wastewater treatment plants 
gets directly discharged into the wetlands, their quality impacts 
the overall wetland health. Therefore, to prevent wetland 
pollution MoEFCC has come up with discharge standards for 
wastewater treatment plants. Looking into the severity of 
pollution status, the National Green Tribunal (NGT) passed an 
order in 2019 establishing more strict regulations for 
discharging wastewater. Table 4.4 shows the discharge 
standards set by MoEFCC and NGT order.
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Table 4.4 : Overview of WWTP discharge standards into inland wetlands



4.3 National Water Quality Monitoring Programme by CPCB

4.5 Integrated management and inter-
sectoral coordination
Wetlands are impacted by various developmental activities 
taking place in different sectors within its catchment (see Figure 
4.2). For instance, tourism beyond the carrying capacity of the 
wetland can have an adverse impact on its health especially its 
water quality as more and more waste gets generated. Similarly, 
unsustainable water allocations under water resources 
management for different human uses such as for energy 
generation, agriculture, and others can have adverse impacts 
on the wetland. Therefore, prior to any development 
intervention at the landscape level, it is imperative to assess its 
implication on wetland health especially on water quality. On 
the other hand, healthy wetlands can contribute to achieving 
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Box 4.3 : National Water Quality Monitoring Programme by CPCB

The Central Pollution Control Board (CPCB), in conjunction with the State Pollution Control Boards 
(SPCBs) operating within various states, as well as the Pollution Control Committees (PCCs) 
situated in Union Territories, has instituted a comprehensive initiative known as the National Water 
Quality Monitoring Network (NWMP). The primary objective of this undertaking is to systematically 
evaluate the prevailing water quality within various water resources. This network serves the dual 
purpose of ascertaining the state of water quality and streamlining efforts geared toward the 
anticipation, prevention, and management of pollution in wetlands.  Presently the network 
comprises around 4484 water quality monitoring stations on surface and groundwater. Monitoring 
of done on a monthly, quarterly, half-yearly, and yearly basis.  The monitoring Programme 
considers parameters such as Temperature, Dissolved Oxygen, pH, Electrical Conductivity, BOD, 
Nitrate, Fecal Coliform and Total Coliform.

Webpage of CPCB showcasing water quality data under the NWMP over the years



4.2 Integrated Wetland Management and inter-sectoral coordination 

outcomes for various sectors. For instance, the maintenance of 
water quality is imperative for fish production enhancing the 
fisheries sector. 

An integrated approach to wetland management through the 
convergence of multiple sectoral inputs can play an important 
role in maintaining wetland water quality.

4.6 Water quality monitoring systems
Smart solutions for monitoring water pollution are getting more 
and more significant these days with innovations in sensors, 
communication, and Internet of Things (IoT) technology. IoT-
based Smart Water Quality Monitoring (SWQM) has the 
potential to eradicate errors in sampling and laboratory analysis 
as it can provide real-time data on water quality. These 
interventions at the catchment scale have the potential to 
address water quality issues in wetlands. Monitoring at different 
spatial scales such as river, stormwater inflow, and dams 
monitoring also contributes to achieving wetland water quality 
targets as a part of catchment management. Figure 4.3 
represents one of IoT models for monitoring the water quality 
of wetlands.

Apart from the application of advanced technologies for 
monitoring, it is equally important to involve the community in 
the monitoring programmes. The participatory approach to 
water quality monitoring has been looked at as a potential tool 
for achieving water quality targets. A network of Wetland Mitra 
(Friends of wetlands) who are motivated volunteers working to 
conserve wetlands can lead the participatory water quality 
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Figure 4.2 : Integrated Wetland Management and inter-sectoral coordination (credit: WISA Library)



4.3 Real-time water quality monitoring system framework

4.4 Participatory wetland water quality monitoring

monitoring programmes. 

Details on the concept of Wetland Mitra is available here:

https://indianwetlands.in/uploads/S_4.2_Module_4_Wetlands_
Mitra.pdf. 
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Figure 4.3 : Real-time water quality monitoring system framework

Box 4.4 : Participatory wetland water quality monitoring

Numerous mobile-based applications and easy-to-use technologies have been developed for 
monitoring water quality using citizen science. The involvement of stakeholders in the collection of 
water quality data not only helps in understanding the interventions required but also promotes 
awareness regarding the need for the protection of wetlands from various sources of pollution. A 
participatory approach to water quality monitoring also creates a sense of belongingness among 
the wetland users which in turn aids in wetland conservation. Secchi disk and Forel-Ule (FU) color 
scale are some common equipment that have been used to measure the optical properties of 
wetlands, which are indicators of biological activities, sediment load as well as pollution in the 
wetlands. However, the use of sophisticated equipment requires prior training and hands-on 
experience. 

The State Wetland Authority of Kerala has been working on getting data on wetlands water quality 
through a participatory approach. The water quality assessment is being done by the local citizen 
who has been provided with login credentials of the portal to regularly feed the results online on 
https://wiams.kerala.gov.in. This has been done for prominent wetlands of the state such as 
Sasthamkotta, Ashtamudi, and Vembanad. 



4.7 Capacity development
Capacity development in the context of wetland water quality 
management refers to awareness and capacity to understand 
the role of water quality in wise use of wetlands. Different 
stakeholders may have different capacity development needs, 
for example:

A) Wetlands managers - Knowledge of biogeochemical 
processes in wetlands, monitoring needs, adverse impacts 
of different pollution sources

B) Local users- Impact of over-extracting wetland resources, 
participatory approach of wetland water quality monitoring

C) Engineers and planners- Decentralized wastewater 
treatment systems, importance of maintaining hydrological 
regime for wetland water quality

Wetland health card

A standard wetland health card has been developed by the 
Ministry of Environment Forest and Climate Change as a tool 
for the assessment of wetland health (see Figure 4.4). It is 
prepared from the qualitative and quantitative assessments 
based on rapid surveys and monitoring of the wetlands.  The 
wetland health assessment includes multiple components like 
area, hydrology, catchment, biodiversity, and governance. The 
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Local wetland user measuring water quality at Vembanad-Kol wetland complex, Kerala (Photo Credit : Scroll.in)



4.4 Wetland Health report card developed by MoEFCC

hydrology and catchment component includes water quality 
parameters such as BOD, DO, etc. This provides an 
approximate idea of wetland water quality.  The health card is 
beneficial for different stakeholders such as wetland managers, 
users, research organizations, state forest departments, state 
pollution control boards, etc. 
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Figure 4.4 : Wetland Health report card developed by MoEFCC



Group Exercise

Visit a wetland near you and answer the following questions:

A) What are the pollution sources of water in the wetland? Is it natural or anthropogenic in nature? 
(Insert pictures, if any)

B) Are there any direct pollution sources in the wetland? (Insert pictures, if any)

C) Are there any wastewater treatment plants treating the inflow of water prior to the discharge?

D) Observe the physical indicators of the wetland water such as color, transparency, and odor, and 
draw inferences from it. (Insert pictures, if any)

E) Propose measures for maintaining water quality through various interventions discussed in the 
manual.

F) What is the institutional arrangement in the area to tackle wetland pollution

G) Draft a wetland health card for the wetland
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