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Constructed wetlands (CWs) are among the recently established well-organized technologies have been
used for various types of wastewater treatment for only last few decades. Compared to conventional
treatment systems, constructed wetlands are low cost, simply operated, and easily maintained. As part of
decentralized water treatment system CWs can be used which is a powerful technology with little operational
prerequisites. Various types of wastewaters (municipal wastewater, industrial wastewater, agricultural
wastewater, or/and landfill leachate) may be treated through the constructed wetlands. However, these
systems have not found pervasive use, due to lack of awareness, and local skill in developing the technology
on a local basis. This review summarizes the current methods used for wastewater treatment through
constructed wetlands. Future, attention in choosing constructed wetlands as wastewater treating systems
in developing countries are highlighted. Advantages and limitation of CWs have also been discussed in this
article.
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ABSTRACT

Introduction
“Constructed wetlands (CW) are engineered systems

constructed and designed to operate the normal functions
of wetlands vegetation, soil and their microbial populations
to treat contaminants in surface water, ground water, or
waste streams” (ITRC, 2003). CWs can be used as part
of decentralized water treatment system and are a
powerful technology with low operational requirements.
These wetlands are being used for the treatment of
various types of wastewaters e.g., municipal wastewater,
industrial wastewater, agricultural wastewater, landfill
leachate etc. The concept of constructed wetlands for
wastewater treatment is not old. It started in 1960s in
northern Germany by Kaithy Seidel (Vymazal, 2005).
Kathe Seidel discoveries led to the first subsurface CW
for municipal wastewater treatment in 1974 in the
community of Liebenburg- Othfresen, Germany. She
conducted many experiments using macrophyte on phenol,
dairy and livestock wastewater (Seidel, 1976). Natural
wetlands were in use before constructed wetlands.

Cooper and Boon (1995) reported the use of natural
wetland for treatment of wastewater which was in
practice in the United Kingdom for more than a century.
The first free water surface CW (FWSCW) was set up
in the Netherlands in 1967. Kickuth (1965) implemented
this work in Europe in the late 1970s. Interest in the
subject started in the United States started in early 1980
with the study of Wolverton et al. (1983) and Gersberg
et al. (1985). Wetlands have been constructed with a
number of cells, arranged in series and equivalent
performance may be apply to individual cells or to
combinations of cells. Parallel flow paths that are
structurally autonomous are considered to be separate
wetlands even though they may be adjoining to one
another, and receive the same input water.

CWs treatment treats wastewater by utilizing normal
processes provided by wetlands plants, soils, and microbial
community (USEPA, 2004). CWs are designed to mimic
natural systems and take advantage of many natural
processes in a more controlled environment (Vymazal,
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2005). CW treatment is engineered wastewater distillation
system that contains chemical, biological, and physical
processes, which are all similar to processes taking place
in natural treatment wetlands (Scholz, 2006; Kayranli et
al., 2010; Abou-Elela et al., 2013; Vymazal, 2014; Wu et
al., 2015; Pathak and Jagetiya, 2022). For ages, natural
wetlands served as a convenient means of wastewater
and sewage management which subsequently resulted
in many forms of wetlands. It has been observed that
natural wetlands were probably used for disposal of
collected wastewater as far back as 1912 (Kadlec and
Knight, 1996).

The aquatic natural treatment systems involve
impounding wastewater in ponds or lagoons for sufficient
period so that pollutants and pathogens in wastewater
are removed through natural biological degradation
processes. Floating plant species such as algae and water
hyacinth may also be present in these systems to support
the biological processes. In early days, use of constructed
wetlands was limited to domestic and municipal sewage
treatment, however after late 1980s use of CWs have
been widened and being used in treating agricultural
wastewater, food processing wastewater, heavy industry
wastewater, mine drainage, land fill leachate and runoff
water (Vymazal, 2005). CWs are becoming popular as
decentralized wastewater treatment for smaller
communities, where land is easily available and frequent
power tripping prohibits the advocacy of highly
mechanized plants. These systems have been proved for
their treatment performance for physicochemical and
microbiological contaminants removal. The wetlands
plants species play the most critical role in determine the
performance of the wetlands systems (Pathak and
Jagetiya, 2023). The wetland plants govern multiple roles
in CW during biological treatment of wastewater. They
act as biological pumps controlling the oxygen transfer
provide shelter to micro-fauna (microbes) governing the
pollutants bio-degradation, uptake of recalcitrant
contaminates etc. CWs offer several benefits, including
low construction and operation cost, easy maintenance,
reliable and effective wastewater treatment, stability
under fluctuating hydro-logic and pollutant loading rates
and potential other benefits such as aesthetics, flora and
fauna habitats and enjoyments and educational purposes
(Hammer and Bastian, 1989). Currently, the application
of CWs in various wastewater purification system is
popular all over the globe (Hoffman et al., 2011; Abou-
Elela and Hellal, 2012; Abou-Elela et al., 2013; Vymazal,
2014; Wu et al., 2015; Pathak and Jagetiya, 2025).
Wetlands have long been valued for their ability to naturally
purify water, acting as biological filters that eliminate

contaminants like nitrogen, sediments and heavy metals
through mechanisms such as sedimentation, adsorption,
ion exchange, and biodegradation (Dorido et al., 2008;
Razzouki et al., 2015; Errich et al., 2021; Abouri et al.,
2024).

CWs are used for treating various types of
wastewaters e.g.; domestic wastewater (Bays and
Knight, 2000; Coleman et al., 2001), acid mine drainage
(Would and Ngwenya, 2004; Hallberg and Johnson, 2005),
agricultural wastewater (Hunt et al., 2000; Smith et al.,
2006), landfill leachate (Domdush, 1989; Trautmann et
al., 1989), urban storm water (EPA, 1993) and for
polishing advanced treated wastewater effluents for
return to fresh water resources (Gschlobl et al., 1997;
Schwartz et al., 1998). Most of the CWs are applied for
domestic sewage and municipal wastewater treatment
and only few are used for industrial purposes (Dies et
al., 2006). Good aesthetic properties and effective
treatment capabilities make sub-surface flow wetlands
an appropriate choice for small- scale, individual or small
group residential situations (Steiner and Combs, 1993;
Hiley, 1995). Small- scale constructed wetlands for rural
domestic wastewater treatment are a relatively new
technology. In the 1960s, Seidel and Kickuth invented
new horizontal-flow wetlands known as the “Root Zone
Method” (RZM). This new system differed from the
earlier Seidel design by having sticky substrate
predominantly of clay soil and is the early wetland system
used at Othfresen, Germany for municipal sewage
treatment in 1974 (Kickuth, 1977; 1978; 1981; Brix, 1987;
Vymazal, 2005, 2009). Furthermore, Kickuth advanced
with the experimental research and disseminated this
concept with his colleagues in Europe and led to the
establishment of nearly 200 municipal and industrial
wastewater treatment systems (Bastian and Hammer,
1993). The knowledge of potential for the application of
the technology with regard to water pollution control and
ecology enhancement needs to be disseminated and fully
understood (Heers, 2006; Kamau, 2009; Abou-Elela et
al., 2013; Al-Baldawi et al., 2014, 2015). In contrast,
wetlands technology and its application in wastewater
treatment has been practiced since the 1990s and the
exploration of its research keeps increasing in other
developing countries such as China (Xinshan et al., 2010;
Zhang et al., 2012; Meng et al., 2014; Song et al., 2015)
and India (Sheoran and Sheoran, 2006; Choudhary et
al., 2011; Sharma et al., 2013; Pathak and Jagetiya, 2024).

Over the past decade, there has been a growing
approval of the multiple values and functions of
constructed wetlands, which are increasingly used for
treating a variety of wastewaters (Goulet et al., 2001;
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Kadlec and Reddy, 2001). There are currently thousands
of constructed wetlands worldwide receiving and treating
a variety of municipal, industrial, and urban runoff
wastewaters (Cameron et al., 2003; Solano et al., 2004).
Recently, there has been increasing interest in Taiwan in
utilizing the constructed wetlands as an alternative method
for wastewater treatment because of its operational
simplicity and cost efficiency (Kao et al., 2001; Jing et
al., 2002; Lin et al., 2002; Lee et al., 2004). Although,
the constructed wetland technology is well established,
its application for treating specific industrial effluents has
not been well documented (Kao and Wu, 2001; Garcia et
al., 2004; Amasa et al., 2025).

Heavy metal (HMs) contamination is one of the most
serious environment problems of the world. The CW was
very effective in the removal of heavy metals from
industrial wastewater and its removal performance was
in order of Cd > Cr > Fe > Pb > Cu > Ni (Khan et al.,
2009). The industrial sector has focused a great deal of
attention on CW for removing heavy metals from its
wastewater (Hadad et al., 2006; Maine et al., 2006;
Jayaweera et al., 2008; Porwal and Jagetiya, 2019). The
CW system contains natural processes of aquatic
macrophytes that not only accumulate pollutants directly
into their tissues but also act as catalysts for purification
reactions usually occur in the rhizosphere of the plants
(Jenssen et al., 1993). In rhizosphere, physicochemical
and biological processes are induced by the interaction
of plants, microorganisms and soil/sediments, to remove
HMs from wastewater (Stottmeister et al., 2003; Pathak
and Jagetiya, 2024). Industrialization has contaminated
the environments with HMs, particularly, in developing
countries of the world, where advance treatment
technologies are neither available nor affordable. The
CWs, therefore, presents a cost effective and promising
alternative for the treatment of industrial effluents.
Previously, numerous studies have demonstrated that CWs
have effectively removed HMs from wastewater (Mays
and Edwards, 2001; Chen et al., 2006; Hadad et al.,
2006; Pathak and Jagetiya, 2025).

The choice of plants is an important issue in CW, as
they must survive the potentially toxic effects of the
effluent and its variability. Common reeds (Phragmites
australis), cattails (Typha spp.), bulrushes (Scirpus spp.)
and reed canary grass (Phalaris arundinacea L.) have
used for both domestic and industrial wastewater
treatment (Shepherd et al., 2001; Mbuligwe, 2005;
Vymazal, 2005; Vymazal and Kropfelova, 2005; Porwal
and Jagetiya, 2019). Coleman et al. (2001) observed
significant differences among plant species in the
treatment of wastewater and suggested that poly-cultures

(species mixtures) may perform better than mono-
cultures.

In Portugal, the main macrophyte species used in
CWs are Cyperus spp.; Iris pseudacorus (yellow iris),
and P. Australis (Korkusuz, 2005). Typha latifolia
(cattails), and Phragmites australis (common reed) are
emergent macrophytes (vascular plants living in water
or wetlands, either free-floating or attached to a surface)
that commonly occur in natural wetlands. Since growth
and efficiency of these macrophytes is thought to be
stimulated by the high nutrient content of polluted waters
(Brix and Carter, 1986) they would appear to be potentially
suitable for wastewater amelioration studies. Typha
latifolia is known to be tolerant of heavy metals, and is
able to colonize industrially degraded habitats (Ye et al.,
1997). Phragmites australis may also be metal tolerant,
either through total exclusion of elements, or storage of
these elements in nontoxic forms in the tissues (Massaci
et al., 2001).

The most commonly used plant for HF constructed
wetlands is P. australis (Kadlec and Knight, 1996;
Vymazal et al., 1998). P. australis is used throughout
Canada, Europe, Australia and Africa (with the exception
of its central part) and most parts of Asia (with the
exception of India and Nepal). P. karka is used in
Horizontal Flow Constructed Wetlands (HFCWs) in India
and Nepal (Billore et al., 2001, 2008; Bista et al., 2004;
Bista and Khatiwada, 2008; Singh et al., 2009) and
Phragmites mauritianus is used in central Africa
(Byekwaso et al., 2002). In the United States, common
reed is considered an invasive and exotic plant species
by wildlife agencies and natural resource. As a result,
the use of this species has been limited in the United
States (Wallace and Knight, 2006). A similar situation
applies to New Zealand. Common reed is used for the
treatment of municipal and domestic wastewater but has
also been successfully used for HFCW treating various
types of wastewaters e.g. textile industry, chemical
industry etc.

Typha is often found in areas near water bodies,
such as lakes, lagoons, and riverside areas, in many
regions (Esteves et al., 2008). Typha is a greatly flood-
tolerant species that can allow internal pressurized gas
flow to rhizomes because this species is characterized
by a well-developed parenchyma system; this system
provides oxygen for root growth in anaerobic substrates
(Li et al., 2010). Southern cattail (T. domingensis) is
extremely salt resistant and considered as a potential
source of pulp and fibre (Khider et al., 2012). For other
hand, T. domingensis is the plant species which has been
used in treating industrial and urban effluents. Moreover,
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this plant has been reported recently as a plant species
with a high efficiency to accumulate metals when is used
in wetland constructed (Teles Gomes et al., 2014). For
other hand, T.domingensis has been suggested as to
remove high phosphorous concentrations from water to
a biological mechanism (Di Luca et al., 2015). This plant
species has been suggested as a bio-monitor in
phytoextraction technology in areas affected by some
metals. Mojiri (2012) and Mojiri et al. (2013) used T.
domingensis to remove metals from wastewater and
leachates from landfill; indeed, it can effectively remove
pollutants.

The main mechanisms of nutrient removal from
wastewater in CWs are microbial processes such as
nitrification and denitrification as well as physicochemical
processes such as the fixation of phosphate by iron and
aluminium in the soil filter (Pathak and Jagetiya, 2024).
Moreover, plants are able to tolerate high concentrations
of nutrients and heavy metals, and in some cases even to
accumulate them in their tissues. The uptake of nitrogen
into the plant biomass is also of minor importance from a
technical viewpoint since harvesting the above ground
biomass would remove only 5-10% of the nitrogen
(Thable, 1984). Tanner (1996) estimated the nitrogen
concentrations in helophytes in the above ground biomass
to be between 15 and 32 mg N-1 dry mass.

While a variety of removal mechanisms including
adsorption, precipitation sedimentation, volatilization,
filtration, and plant uptake are well documented (Kadlec
and Knight, 1996), recognition that removal of most
pollutants in treatment wetlands is due primarily to
microbial activity has been a cornerstone of the technology
almost from the opening (Reddy and D’Angelo, 1994;
Hatano et al., 1994; Kadlec and Knight, 1996). This is
certainly true for removal especially soluble labile forms
and organic carbon (OC) that dominate primary treated
domestic wastewater. While plant uptake is a minor
nitrogen removal mechanism, microbial transformations
provide the majority of total nitrogen (TN) removal
(Kadlec and Knight, 1996). Sulphate reduction has been
recognized as an important mechanism for metals
removal, but it may also play an important part in organic
carbon removal and sulphide oxidation may also be an
important process in CWs. Thus, pollutant removal and
microbial activity in CW are closely tied to the cycling of
carbon, nitrogen and sulphur (Dvorak et al., 1992;
Machemer and Wildeman, 1992).
Sources of Wastewaters in the Environment
Domestic Sewage

This includes wastewater generated by home

dwellings, public restrooms, hotels, restaurants, motels,
resorts, schools, places of worship, sports stadiums,
hospitals and other health centres, apartments etc. They
all produce high volumes of wastewater.
Non-sewage

These include water from floods (stormwater), runoff
(rainwater running through cracks in the ground and into
gutters), swimming pools, car garages and cleaning
centres. They also include laundromats, beauty salons,
commercial kitchens, energy generation plants and so
on. Wastewater is also generated from agricultural
facilities, animal farms, washing harvested produce and
cleaning farm apparatus.
Types of Wastewaters

Types of wastewaters (Fig. 1) are given in detail in
the following paragraphs-
Domestic/Municipal Wastewater

This includes all wastewater generated by home
dwellings, schools, hotels, public restrooms, restaurants,
motels, places of worship, sports stadium, hospitals,
military camps, recreation areas, holiday resorts and small
industries and other health canters, apartments and the
like. They all produce high volume of wastewater. CWs
are capable of efficiently treating domestic wastewater
across a range of scales, from small rural communities
to urban centres. They eliminate contaminants such as
organic compounds, nutrients and pathogens by
harnessing natural mechanisms, including microbial action,
filtration, and sedimentation (Hammer, 2020).
Agricultural wastewater

Agricultural wastewater generated from a variety
of farm activities including animal feeding operations and
the processing of agricultural products, can pollute surface
and ground water if not properly managed. Examples of
agricultural wastewater include but are not limited to
milking centre wash water, manure, barnyard and feedlot
runoff, horse washing waters, egg washing and
processing, slaughterhouse wastewaters, and runoff
associated with composting. Additionally, runoff from
croplands can contribute fertilizers, sediment, and
pesticides into surface waters. Constructed wetlands are
also effective in treating wastewater from agricultural
fields and livestock feedlots, helping to minimize
environmental pollution caused by fertilizers, pesticides,
and animal waste (Patil et al., 2021).
Industrial wastewater

Industries produce huge amount of waste which
contains pollutants and toxic chemicals and which can
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cause water  pollution  and  damage  to  us  and  our
environment. They contain pollutants such as nitrates,
lead, asbestos, mercury, sulphur and many other
dangerous chemicals. Various industries do not have
proper waste management system and drain the waste
in the fresh water which goes into rivers, canal and later
in to sea. The toxic chemicals have the potential to change
the colour of water, increase the amount of minerals,
also known as eutrophication, change the temperature of
water and pose serious hazard to water organisms.
Constructed wetlands can be tailored to manage different
types of industrial wastewater, with their design and
operation depending on the nature of the pollutants
involved. In some cases, pre-treatment is required to
ensure effective performance (Stefanakis, 2018).
Stormwater Runoff (Storm Sewage)

This is precipitation (rain or melted snow) that flows
over surfaces like roads, rooftops, and agricultural fields.
As it flows, it picks up various pollutants, including, oils
and greases from vehicles, sediments, sand and litter, road
de-icing chemicals, animal waste, pesticides and fertilizers
from lawns or fields. Constructed wetlands are effective
in capturing and filtering stormwater runoff, thereby
reducing the transport of pollutants into nearby rivers and
streams. Additionally, they play a role in mitigating flood
risks and controlling soil erosion (Pier et al., 2015).
Conventional method verses Constructed Wetlands
Conventional methods Constructed wetlands

They generally require They generally require larger
short land areas land areas

Costlier and less efficient Low cost with higher efficiency

Have aesthetic values They have no aesthetic values

These are natural CWs are artificial
wastewater systems wastewater systems

These systemsare lower These systemsare highly
productive productive
Water saving efficacy low Water saving efficacy high

Types of Constructed wetlands
Constructed wetlands are mainly following three

types (Fig.2) depending upon flow of water-
Free Water Surface CW (FWSCW)
Subsurface Flow CW (SSFCW)
Hybrid Types

Free Water Surface Constructed Wetlands
(FWSCW)

FWS wetlands technology started in North America
with the ecological engineering of natural wetlands for

wastewater treatment at the end 1960s and beginning of
1970s. The constructed wetland, known as FWS system,
can mimic natural systems as the water flows over the
bed surface and is filtered through a dense stand of aquatic
plants (Cooper et al., 1999 and Jing et al., 2002). An
alternative system, known as the subsurface flow wetland,
is also a constructed system consisting of an excavated
but usually lined shallow basin containing gravel media
and emergent aquatic plants (Mashauri et al., 2000; Kao
et al., 2001; Garcia et al., 2003; Kaseva, 2004). In 1968,
FWSCW was created in Hungary near Keszthely in order
to preserve the water quality of Lake Balaton and to
treat wastewater of the town (Lakatos, 1998). The
constructed wetlands were established in place of existing
natural wetlands in peat soil. The capacity for wastewater
purification by both natural and artificial wetlands is well
documented (Spanglar et al., 1976; Tiltom et al., 1976;
Gersbeg et al., 1984). Typical FWS constructed wetlands
with emergent macrophytes is a shallow sealed basins or
sequence of basins, containing 20-30cm of rooting soil,
with a water depth of 20-40cm (Vymazal et al., 2006).

The most commonly used plant species for FWS
constructed wetlands in Europe are- Phragmites
australis and Scirpus lacustris in North America- Typha
spp. And in Australia and New Zealand- Scirpus spp.,
and Sagittaria latifolia. FWSCWs operate like a natural
wetland (Vymazal, 2006; El-Sheikh et al.,  2010;
Stefanakis et al., 2014; Wu et al., 2014). The wetlands
pool is shallow and sealed so that there is no wastewater
seepage to the below ground aquifer. In terms of
wastewater treatment, FWSCWs are very good for
removal of suspended solids (SS), organic contaminants,
nitrogen, pathogens and other contaminants such as heavy

Fig. 1 : Types of wastewaters.
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metals (Kadlec and Knight, 1996; Vymazal, 2007; Kadlec
and Wallace, 2009; Kotti et al., 2010; Stefanakis et al.,
2014).
Subsurface Constructed Wetlands (SSFCW)

A subsurface flow (SSF) wetland consists of a sealed
basin with a porous substrate of rocks or gravel. The
water level is designed to remain below the top of the
substrate. In most of the system in the United States, the
flow path is horizontal, although some European system
uses vertical flow paths. SSFCW is of two types: -

Vertical Flow CW (VSFCW)
Horizontal Flow CW (HSFCW)
Vertical Flow CW(VSFCWs) are wetland systems

composed of a substrate media planted with macrophytes,
which wastewater passes through for quality
enhancement (Knowles et al., 2011). VSFCWs were
originally used and developed by Seidel in Germany, when
she inserted them in between a septic tank and HSFCWs
(Vymazal et al., 2006; Vymazal and Kropfelova, 2011).
The systems became pertinent in application gradually
when people realized the inability of HSFCWs system to
oxidize ammonia-nitrogen efficiently from wastewater
as a result of limited oxygen in their substrate bed (Cooper,
1999; Vymazal, 2005; Stefanakis et al., 2014; Vymazal,
2014). VF systems are mainly explored in Europe,
particularly in France, Denmark, Austria, Germany, UK
and USA (USEPA, 1995; Kadlec and Wallace, 2009).

Horizontal Flow CW (HSFCWs) are purification
system where the movement of the wastewater is in a
horizontal direction and it passes gradually through the
filter substrate, macrophyte root and rhizomes till it
reaches the outflow control valve where bit is collected
for sampling and analysis (Vymazal, 2009; 2013; 2014).
HF system is composed of gravel, sand or their
combination as a bed substrate, usually planted with reed
and the wastewater passes horizontally from the inlet to
the outlet beneath the porous substrate and plant root.
HF systems are usually used in Europe and USA
(Vymazal et al., 2006; Vymazal, 2011; 2014) and require
a small area when compared with FWS systems, but
have high investment costs (Tsihrintzis et al., 2007;
Kadlec and Wallace, 2009).

Hybrid CW- Hybrid constructed wetlands are
purification systems established mainly to achieve larger
nitrogen removal by exploring the operational processes
of denitrification andnitrification in vertical and horizontal
flow systems together, concomitantly the wastewater
(Vymazal, 2005; Vymazal and Kropfeloval, 2011; Ayaz
et al., 2012; Vymazal, 2013; 2014). Presently, hybrid CW

are used globally for their ability to remove ammonia,
nitrate and total nitrogen from various types of
wastewaters (Vymazal, 2005; 2007; Ye and Li, 2009;
Xinshan et al., 2010; Vymazal and Kropfeloval, 2011;
Ayaz et al., 2012; Vymazal, 2013; 2014). According to
Vymazal (2013), hybrid constructed wetlands are
categorized into the following combination: VF-HF
systems, multistage VF-HF systems, VF hybrid systems,
and hybrid constructed wetlands with FWSCW systems.
He however, noted that VF-HF hybrid systems are
marginally more effective in ammonia treatment than the
other types of the hybrid systems.

Fig. 2 : Types of constructed wetlands.

Soils previously used for agriculture are currently
being converted to marshes with the hope that these
constructed wetlands will functions as nutrient sinks. Such
systems are created in areas closest to sensitive aquatic
systems. Flooding previously fertilized agricultural lands
results in solubilisation of residual fertilizer nutrients such
as inorganic phosphorus and their release into the
overlying water column (D’ Angelo and Reddy, 1994).
To reduce P flux from soils it may necessary to immobilize
soluble P into non-available forms and reduce P flux into
floodwater. This may be able by adding chemical
amendments containing Ca, Fe, or Al that bind P into
insoluble forms. The addition of chemicals to inactivate
soluble phosphorus has long been used in advanced
wastewater treatment (Ferguson and McCarty, 1971;
Cooke and Kennedy, 1981) because of their efficiency
in P removal and ease of application to wastewater
(Balmer and Hultman, 1988). This technology was
extended to immobilize contaminants in storm water
retention ponds (Babin et al., 1992) and restore extremely
eutrophic lakes (Cooke et al., 1986).

Vymazal (2016) studies the concentrations of heavy
metals are usually much higher in the belowground then
in aboveground biomass, especially in roots which are
primary sites of uptake. This may beled to the conclusion
that accumulation of heavy metals is higher in the
belowground biomass. However, in cases, where the
aboveground is much higher than belowground biomass
the accumulation could be higher in the aboveground
biomass. Concentration of phosphorus and nitrogen is
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always higher in leaves than in stems. However, the stem
biomass is mostly much higher in robust emergent species
such as Phragmites australis and  therefore,  more
nutrients can be stored in stems.

Lu et al. (2016), studies on medium filler play an
important role in wetland sewage treatment processes.
By carrying out a problem analysis of the treatment of
traditional wetlands and useless operation, they design
different constructed wetland fitters to treat rural
household sewage. Using the same plants, they choose
four different fitters, namely maifanite, steel slag, bamboo
charcoal and limestone as substrates to build constructed
wetland systems, and studies rural household sewage
treatment in order to examine their effects on the
degradation of pollutants. They observe the removal
efficiencies obtain good effect. The theoretical maximum
adsorption capacities of all these media are ordered as:

maifanite > steel slag > bamboo charcoal >
limestone

Chandrakanth et al. (2016) studied on pilot scale
constructed wetlands in treating a pretested domestic
wastewater with selected plant species such as croton
plants and Typha latifolia. Various kinds of constructed
wetlands such as vertical flow type, horizontal flow type
and hybrid type were tested. The characteristics such as
BOD, COD, TSS, TS and TDS of effluents, treated with
these pilot scale constructed wetlands were analyzed at
different Hydraulic Retention Times (HRT). On
observation, it was found that hybrid type constructed
wetland exhibited the best removal efficiency in terms of
all the characteristics of wastewater tested. Vingying et
al. (2017), studied on aquatic macrophytes can indeed
function as an efficient nutrient filter but only for low
loading rates (polishing) and not for high rates
(purification). The outcome of this controlled study not
only contributes to our understanding of nutrient dynamics
in constructed wetlands but also shows the differential
effects of wetland types and plant species.

Fountoutakis et al. (2017) reported an improvement
in the treatment of domestic wastewater via the use of
halophyte planted CW. They showed that halophytes
developed successfully in the constructed wetland and
achieved pathogen removal efficiency and organic matter
comparable to those reported for reeds in previous works
(63% and 1.6 log units, respectively). Wang et al. (2017)
studies on the applications of CWs for wastewater
treatment in cold climate presents special challenges.
Wetland treatment of wastewater relies largely on
biological processes, and reliable treatment is often a
function of climate conditions. To date, the rate of adoption

of wetland technology for wastewater treatment in cold
regions has been slow and there are relatively few
published reports on CW applications in cold climate. The
efficiency of pollutant removal in constructed wetlands
can decline at temperatures below 10°C, as low
temperatures may slow down biological and microbial
processes (Hu et al., 2025).

Advantages and Limitation of Constructed Wetlands
Advantages

Long life and robustness : Renewable cycles of
15 years minimum renewable; if water nature changes,
clean gravel and replace plants, but basic structure not in
danger. Efficiency increases with time and ecosystem
matures.

Low Cost : Compared to so-called conventional
wastewater treatment plants.

Adaptability and Flexibility of treatment : Sizing
depends of final use. All kinds of water, no limits of
quantity, treatment units can be added as population
grows, shape adjustable to site.

Simplicity and auto-organization : CW relies on
biological complexity instead of forced mechanical or
synthetic processes highly dependent on external energy
sources.

Aesthetics : Great public spaces without additional
cost.

Highly productive system and Water saving :
Important added ecological value (ecosystem creation
with CO2 absorption, O2 production,and wildlife habitat)
as a new green zone is created at no extra water utilization

No additional pollution : No harmful products are
used in the disinfection process nor contributing pollution.
Protection of vital ecosystems such as rivers, lakes,
oceans, groundwater sources and soils, as sizing is done
according to required levels of water purification before
release into the environment.
Limitations

They generally require larger land areas than do
conventional wastewater treatment systems. Wetland
treatment may be economical relative to other options
only where land is available and affordable.The biological
components are sensitive to toxic chemicals, such as
ammonia and pesticides. Flushes of pollutants or surges
in water flow may temporarily reduce treatment
effectiveness. They require a minimum amount of water
if they are to survive. While wetlands can tolerant
temporally drawdown, they cannot withstand complete
drying.
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