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Introduction

ÅWater Resource: Any of the entire range of natural water that occur on the earth 

and that are of potential use to humans.

ÅFreshwater Sources: Glacier and ice caps, Groundwater, Surface Water

ü Groundwater : Located in aquifers beneath the surface

ü Surface Water Sources: River, Streams, Lakes, Ponds, Wetland

(Tariq Aziz, 2025)
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ÅWater Resources Conservation is a sustainable management to provide both the volume 

(quantity) and cleanliness (quality) of water to support human life and ecosystems

ÅQuantity: Constructed wetlands act as nature-based solutions that simultaneously filter 

stormwater, polish reclaimed water, and recharge local aquifers.

Introduction (continued)

Natalia Mesa 2025
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ÅQuality: Constructed wetlands are treatment systems that use natural processes involving 

wetland vegetation, soils, and their associated microbial action to improve water quality.

Introduction (continued)

(Atif Mustafa, 2024)



Objective of Presentation
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ÅTo share technical knowledge about the treatment of water and wastewater using 

constructed wetland systems

ÅTo mention about the contribution of constructed wetland systems for conservation of 

water resources.



Constructed Wetland
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ÅConstructed wetlands are artificial wastewatertreatmentsystems consisting of shallow

pondsor channels which have been planted with aquaticplants, and which rely upon natural 

microbial, biological, physical and chemical processes to treat wastewater

ÅConstructed wetlands are now usedto improvethequality of point and nonpoint sources of 

water pollution, including stormwater runoff, domestic wastewater and agricultural 

wastewater

Source: Marginpar.com



Components of Constructed Wetlands
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Å A constructed wetland consists of a properly designed basin that contains water, a substrate, 

and vegetation. Other important components of wetlands, such as the communities of 

microbes and aquatic invertebrates, develop naturally.

× Water

üWetlands are likely to form landforms direct surface water to shallow basins and 

where a relatively impermeable subsurface layer prevents the surface water from 

seeping into the ground.

üThese conditions can be created to construct a wetland. A wetland can be built almost 

anywhere in the land scape by shaping the land surface to collect surface water and by 

sealing the basin to retain the water.

Source: USEPA, 2017



Components of Constructed Wetlands
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× Substrate
ü Substrates used to construct wetlands include soil, sand, gravel, rock, and organic 

materials such as compost. 

ü The substrates and sediments are important for several reasons because   they support 

many of the living organisms in wetlands.

ü Its permeability affects the movement of water through the wetland and many chemical 

and biological (especially microbial) transformations take place within the substrates 
Source: USEPA, 2017

Papu  Yadav, 2026



Components of Constructed Wetlands
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× Vegetation for Free Surface Wetland System

Constructed wetlands (CWs) utilize four primary categories of wetland vegetation:

1. Emergent macrophytes: Plants rooted in the substrate with stems and leaves above the water.

2. Submerged macrophytes: Plants that remain completely underwater.

3. Free-floating plants: Plants drifting on the surface with roots hanging freely.

4. Floating-leaved plants: Rooted plants with large leaves resting on the water's surface.

Source: USEPA, 2017
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× Vegetation for Free Surface Wetland System

× Water lettuce (Pistia stratiotes) is a 

highly effective, cost-efficient aquatic 

macrophyte used in free water surface 

constructed wetlands for wastewater 

phytoremediation. Its dense root 

systems absorb heavy metals and 

nutrients, achieving removal rates of 

up to 83.5% for BOD and 97.53% for 

ammonia. (Majid Ali etal. 2024)



12

× Waterhyacinth(Eichhorniacrassipes)is a highly 

effective, green phytoremediation technology for 

constructed wetlands. Its rapid growth rate and 

dense root system filter out organic matter, 

absorb excess nutrients like nitrogen and 

phosphorus, and remove over 80% of heavy 

metals such as Lead and Cadmium from 

municipal and industrial wastewaters

× Vegetation for Free Surface Wetland System

(Siti Noor Hajjar Md Latip et al. 2022)
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× Water lily wetlands are highly effective, low-

maintenance constructed treatment systems (or 

phytoremediation ponds) used to purify 

municipal, agricultural, or greywater. They act 

as natural biological filters that break down 

complex pollutants, remove heavy metals, and 

absorb excess nutrients like nitrogen and 

phosphorus

× Vegetation for Free Surface Wetland System

Ali Marefat, 2021 
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× Pontederia cordata (Pickerelweed) is an exceptional 

emergent aquatic plant for water treatment in 

constructed wetlands, ponds, and bio-filters. 

× It highly efficiently absorbs heavy metals (like 

copper, lead, and cadmium), rapidly draws down 

excess nitrogen and phosphorus, and naturally 

inhibits harmful algal blooms

× Vegetation for Free Surface Wetland System
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× Microsorum pteropus, commonly known as Javafern

after the Indonesian island of Java, can be found in 

Malaysia, Thailand and some regions of China.

× Java Fern is a highly effective, low-maintenance 

freshwater aquarium plant used to naturally improve 

water quality. It absorbs harmful waste (like nitrates 

and ammonia) from the water column.

× Vegetation for Free Surface Wetland System
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× Azolla (a fast-growing floating water fern) is a highly effective, nature-based agent 

for water treatment and phytoremediation. 

× It acts as a natural biofilter, rapidly removing heavy metals, excess nitrogen, 

phosphorus, and other pollutants from wastewater, while generating valuable, 

nutrient-rich biomass that can be used for biofertilizer.

× Vegetation for Free Surface Wetland System
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× Duckweed is a highly effective, low-cost 

phytoremediation tool used to purify 

municipal, industrial, and agricultural 

wastewater. These tiny floating aquatic plants 

rapidly absorb massive amounts of nitrogen 

and phosphorus while reducing overall 

biological oxygen demand, resulting in high-

quality effluent

× Vegetation for Free Surface Wetland System
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Subsurface wetland macrophytes are emergent aquatic plants rooted in a gravel, sand, or soil 

bed through which wastewater flows beneath the surface.

Horizontal subsurface flow constructed wetland (HSSFCW) is the most commonly used CW 

system.

× Subsurface Wetland System

Saloni Sachdeva, 2023
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× Subsurface Wetland System

Saloni Sachdeva, 2023
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× Subsurface Wetland System
Å In a vertical flow subsurface wetland system, the influent percolates downward through a 

gravel and sand matrix to a drainage pipe. It is highly effective at aerating water and 

converting ammonia to nitrates.

Source: (Ilyas Huma, 2020)
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× Vegetation for Subsurface Wetland System

ÅTypha latifolia (broadleaf cattail) is a powerful, low-cost wetland plant heavily utilized in 

constructed wetlands for phytoremediation. 

Å Its extensive root system absorbs heavy metals, stabilizes soil, and supports bacteria that 

break down organic waste, making it highly effective for treating domestic and industrial 

wastewater



22

× Vegetation for Subsurface Wetland System

ÅTiger grass (Thysanolaena

maxima) is utilized in water 

treatment as a natural, eco-

friendly phytoremediation 

tool. 

ÅPlanted in constructed 

wetlands and vertical 

helophyte-filter systems, its 

deep, dense root systems 

absorb heavy metals, 

organic waste, and excess 

nutrients from wastewater 

while filtering out 

pollutants.
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Juncus effusus 

(commonly known as Soft Rush or Common Rush)

× Vegetation for Subsurface Wetland System

Å Soft Rush is a highly effective, 

resilient emergent plant frequently 

used in constructed wetlands. 

Å It filters suspended solids, takes up 

excess nutrients, and transfers 

oxygen to its roots to cultivate 

purifying microorganisms. 

Å It typically achieves over 80% 

removal rates for biochemical 

oxygen demand (BOD) and 

chemical oxygen demand (COD) in 

wastewater.
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Miscanthus sinensis 

(Chinese silvergrass)

× Vegetation for Subsurface Wetland System

ÅUsing Miscanthus sinensis(Chinesesilvergrass)

in a constructed wetland system is an eco-

friendly approach to wastewater treatment that 

combines phytoremediation with biomass 

production. 

ÅThe plants absorb heavy metals, reduce organic 

pollutants, and regulate oxygen transfer to 

promote biofilm growth, which naturally digests 

waste
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Eleocharis dulcis 

(Chinese water chestnut)

× Vegetation for Subsurface Wetland System

ÅEleocharis dulcis (commonly known as purun tikus 

or Chinesewater chestnut) is a highly effective, 

native emergent macrophyte used in Constructed 

Wetlands. 

Å Its robust root systems and high biomass production 

make it an excellent agent for phytoremediation, 

capable of reducing organic loads, nutrients, and 

heavy metals from industrial and domestic 

wastewater
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Xanthosoma sagittifolium 

(commonly known as Tannia or 

Cocoyam) 

× Vegetation for Subsurface Wetland System

ÅXanthosoma sagittifolium (commonly known as 

Tannia or Cocoyam) is an effective plant for 

constructed wetlands. 

Å It is typically used in subsurface flow or Floating 

Treatment Wetlands where its dense root network 

filters pollutants, breaks down organic matter, and 

facilitates beneficial microbial growth to treat 

wastewater
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Canna indica 

× Vegetation for Subsurface Wetland System

ÅCanna indica is a highly resilient, fast-growing 

wetland macrophyte widely utilized in Constructed 

Wetlands (CWs) and Floating Treatment Wetlands 

(FTWs). 

Å Its long, fibrous root systems trap suspended solids 

while facilitating robust microbial activity in the 

rhizosphere, making it an excellent natural filter for 

removing heavy metals, nitrogen, and organic 

pollutants from wastewater
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Canna indica 

× Vegetation for Subsurface Wetland System

ÅCanna indica is a highly resilient, fast-growing 

wetland macrophyte widely utilized in Constructed 

Wetlands (CWs) and Floating Treatment Wetlands 

(FTWs). 

Å Its long, fibrous root systems trap suspended solids 

while facilitating robust microbial activity in the 

rhizosphere, making it an excellent natural filter for 

removing heavy metals, nitrogen, and organic 

pollutants from wastewater
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Cyperus Haspan

× Vegetation for Subsurface Wetland System

ÅCyperushaspanis a highly effective, fast-growing 

sedge widely used in Constructed Wetlands (CW) 

and Floating Treatment Wetlands (FTW) for 

bioremediation and wastewater treatment. 

Å  It is highly efficient at reducing Chemical Oxygen 

Demand (COD), Biological Oxygen Demand 

(BOD), Total Suspended Solids (TSS), and heavy 

metals.
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Cyperus Haspan

× Vegetation for Subsurface Wetland System

ÅLepironia articulata (often called Grey Sedge or 

Purun danau) is a highly effective, native Southeast 

Asian wetland plant used in constructed wetland and 

phytoremediation systems. 

Å It naturally thrives in tropical climates and purifies 

wastewater through a combination of root filtration, 

oxygen release, and microbial breakdown.
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× Vegetation for Subsurface Wetland System

ÅThe Common Reed (Phragmites australis) is an incredibly resilient aquatic plant 

widely used in "reed bed" systems to naturally filter wastewater. It purifies water by 

transporting oxygen down into the gravel or soil, which cultivates beneficial 

microorganisms that actively digest organic pollutants and reduce harmful bacteria
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× Vegetation for Subsurface Wetland System

Å Constructed wetlands (CW) are being explored as an alternative treatment for boron removal. 

Å This study explored the capacity of this residue to treat boron-rich wastewaters as main wetland substrate 

in laboratory constructed wetland microcosms. 

Å Two plants, Typha angustifolia and Puccinelliafrigida, were used to evaluate their capacity to increase 

boron removal.



Utilization of Harvested Macrophytes
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1. Composting these plants creates a natural, nutrient-rich fertilizer because plant tissues 

hold rich stores of nitrogen and phosphorus taken from the wastewater.

2. Heating the plant matter in a low-oxygen environment creates biochar. This is a 

charcoal-like substance used to filter polluted water or improve farm soil.

3. Some harvested plant species can serve as roughage or feed for certain farm animals.

4. Dried reeds and grasses work well as animal bedding, which later turns into manure-

based fertilizer.



Mechanism of Constructed Wetlands
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Physical Filtration

Å The wetland is lined and filled with substrate (filter media) like sand, gravel and soil.

Å The loose, porous material physically traps large suspended solids and particulate matter 

as water flow through.

Tilley et al., 2014



Mechanism of Constructed Wetlands
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Adsorption

Å  It is a primary for removing contaminants like 

heavy metals, phosphorus, and trace organics 

bind to the surfaces of substrate media (e.g., 

gravel, sand, zeolite, biochar).

Å This process temporarily immobilizes the 

pollutants, allowing time for plant uptake and 

microbial degradation.

Suchhanda Mondal , 2026



Mechanism of Constructed Wetlands
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Microorganisms

Å Microorganisms aerobically or anaerobically decompose organic matter to reduce 

the concentration of biochemical oxygen demand (BOD) and chemical oxygen 

demand (COD).

Å In nitrogen removal, nitrifying bacteria turns toxic ammonia into nitrates in oxygen 

rich zones.

Å In anoxic/ anaerobic zones, denitrifying bacteria converts nitrates to nitrogen gas 

that escape to atmosphere.

J. S. Munazzan, 2020



Mechanism of Constructed Wetlands
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Phytoremediation

Å It is a technique that uses plants and associated microbes to remove toxify 

pollutants like heavy metals, pesticides and hydrocarbons from soil and water.

Å Distinct Mechanisms

Ç Phytoextraction 

Ç Phytostabilization

Ç Phytodegradation

Ç Phytofiltration
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Å Phytoextraction

Plants absorb contaminants through their roots and transport them to their stems 

and leaves, which are then harvested and safety disposed of.

Å Phytostabilization

Plants trap contaminants in the soil, preventing them from spreading via wind, 

rain, or groundwater

Å Phytodegradation

Plants and their microbes use enzymes to break down organic contaminants into 

harmless by-products.

Å Phytofiltration

Contaminants are filtered and absorbed from contaminated water or wastewater 

using plants grown hydroponically.



Mechanisms of Constructed Wetlands

39(Haiming Wu, 2023)



Design Considerations 

of Constructed Wetland System

40



Hydrological Factors

ÅA hydrologic budget should be prepared to properly design a constructed wetland treatment 
system. Changes in the detention time or water volume can significantly affect the 
treatment performance.

41

(USEPA, 1988)
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(USEPA, 1988)
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ÅSurface Area can be estimated by using following equation.

Dimension Factors

(USEPA, 1988)
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ÅWidth

There is no hard and fast rule on the optimum width of the wetland, however, it is  
recommendedthat if the width of the wetland is more than 15 m, the wetlandcell 
should  bepartitionedinside the wetland. 

It should also be kept in mind that it is better to useat leasttwo parallelcells instead 
of a single wetland cell for the ease in operation and maintenance of the wetland.

ÅSlope

A slope of 0.5 to 1% is recommended for ease of construction and proper draining

Dimension Factors

(UNHABITATE, 2008)
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Water Depth

ÅThe water level in the system and the duration of flooding can be important factors for the
selectionandmaintenanceof wetlandvegetation 

ÅCattailsgrow well in submerged soils and may dominate where standing water depth is 
over 150 mm (6 in)

ÅReedsoccur along the shorelines of water bodies where the water table is below the surface 
but will  also grow in water deeper than 1.5 m (5 ft).

ÅBulrushes can tolerate long periods of soil submergence and occur at water depths of 7.5 
250 mm (0.3-10 in) 

Dimension Factors

(USEPA, 1988)
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ÅThe media perform several functions. 

ÅThey are (i) rooting material for vegetation, (ii)  help to evenly distribute/collect flow at 
inlet/outlet, (iii)  provide surface area for microbial growth, and (iv) filter and trap particles

ÅFigure shows the recommended substrate sizes, which uses 40 ï 80 mm media at the 
inlet/outlet zones and 5 ï 20 mm at the treatment zone.

Media Selection

(UNHABITATE, 2008)
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Media Selection

ÅThere is not one uniform standard substrate design for the construction of VF wetland. 

ÅVarious literatures reports effective grain size should be 0.2 < d10 < 1.2 mm, uniformity 
coefficient 3 to  6 and hydraulic conductivity Kf  10-3 to 10-4 m/s. 

ÅThe filter media used at Dhulikhel Hospital had d10 = 0.4 mm and d60/d10 = 1.5

(UNHABITATE, 2008)
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ÅHydraulic loading rates of 150-500 m3/ha-d (16,000-54,000 gpd/ac), have been reported and, in 

general, the site-specific conditions of weather, soil conditions (permeability especially), and 

vegetation type must be considered in establishing the hydraulic loading rate. 

ÅFrom the results obtained at Listowel, Ontario, it appears that hydraulic loading rates of 200m3/ha-

d (21,000 gpd/ac) will  provide maximum treatment efficiencies.

Hydraulic Loading Rate

(USEPA, 1988)



Hydraulic Detention Time
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× A detention time of 6-7 dayshas been reported to be optimal for the treatment of 

wastewater. 

× Shorter detention times do not provide adequate time for pollutant degradation to 

occur; longer detention times can lead to stagnant, anaerobic conditions.
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×Constructed wetlands aregenerallydesignedfor secondaryor tertiary treatment, meaning 

influent concentrations shouldn't exceed typical municipal or agricultural wastewater 

loads. Exceeding these thresholds causes clogging and plant toxicity. Standard maximum 

recommended influent concentrations include,

Permissible Influent Concentration

(G. Mancuso, 2023)
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ÅThe lifetime of macrophytes (aquatic plants) is critically important for contaminant uptake 

in constructed wetlands. While plants directly absorb some pollutants, their life cycle 

heavily dictates the wetland's ability to filter and store contaminants.

ÅTheir uptake changes at each growth stages.

1. Seedling stage: The plant is young and just starting to grow in the wetland and roots are 

small, so direct plant uptake is low.

2. Vegetative stage: The plant grows quickly, making leaves, stems, and long roots. This is 

the plant's fastest growing time. It absorbs large amounts of nutrients from the water to 

build new plant parts.

3. Maturestage: The plant is fully  grown. It stops growing quickly and may make flowers or 

seeds. The total amount of nutrients stored in the plant is at its highest. However, the rate 

of new uptake slows down. Old plant parts die and sink. This traps pollutants in the mud. 

If  they are not cleaned out, some trapped pollutants can leak back into the water as the old 

plants rot. If  left in the water too long, the plant reaches its maximum capacity. Older 

plants start to decay. As they die, they release the stored pollutants back into the water.

Lifetime of Macrophytes



52

ÅThe optimum uptake lifetime (from starting date of planting macrophytes in new 

environment of constructed wetland system) of common macrophytes are as follows,

Optimum Uptake Lifetime of Common Macrophytes

No. Macrophytes Lifetime 

(days)

Type of constructed 

wetland

1. water hyacinth 14 - 21 Free surface 

2. water lettuce 7 - 12 Free surface 

3. duckweed 3 - 7 Free surface 

4. water lilies 90 - 120 Free surface 

5. Common reeds 90 - 120 Subsurface

6. Cattail 60 - 120 Subsurface

7. Tiger Grass 60 - 120 Subsurface

8. Canna Indica 45 - 90 Subsurface



Performance Expectation

ÅWetland systems can significantly reduce biological oxygen demand (BOD5), suspended solids (SS), and 
nitrogen, as well as metals, trace organics, and pathogens. 
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(USEPA, 1988)
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Constructed Wetlands for Lake Water Treatment (Case Study I)

(May Ingyine, 2024)
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Constructed Wetlands for Water Treatment (Case Study I)

Parameters Influent
Effluent  

(HDT - 25 days)
Removal Efficiency (%)

Color (TCU) 220 28.3 87

Turbidity (NTU) 4.05 0.52 87

TSS (mg/l) 955 100 90

TDS (mg/l) 340 35 90

Chloride (mg/l) 1175 100 91

Ammonia (mg/l) 2 0.15 93



56

Constructed Wetlands for Water Treatment (Case Study II)

Lab-scaled Vertical Flow 

Treatment Unit

(Me Me Khine, 2024)


