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ABSTRACT 
 
Green technologies are extensively applied in many countries for treatment of wastewater in the world. 
Constructed Wetland (CW) technology is one such greener wastewater treatment technology practiced in 
worldwide over many decades. Though this technology seemed to be comparatively novel technology in Sri 
Lanka in scientific literature, there are ample of historical evidences for application of plant based 
comparatively similar technologies for remediation of contaminated water in ancient times. Whilst no sound 
written document comprising of a list of plant species applied for CWs in Sri Lanka is yet available. Therefore 
the primary aim of this paper was to prepare a list of plant species that have been used in Constructed Wetlands 
in Sri Lanka. Further, this list intends to provide researchers with an overview of potential plants at a sight when 
selecting plant species for future research on CW. Collected literature was subjected to critical desktop review 
when preparing this paper. According to this reviewed published and unpublished literature more or less fifty 
plant species had been used in CWs in Sri Lanka since early civilization. Moreover approximately thirty   
studies have been conducted on CW in Sri Lanka. However in spite the fact that the scant of research on CWs in 
Sri Lanka, this paper suggests that the researchers should focus more on locally available plant species with high 
nutrient removal efficiencies when selecting plants for their research on CW. Further local plant species should 
be incorporated to novel scientific concepts such as integrated floating wetlands, green roofs, urban ecosystems 
etc. 
 
Keywords: Constructed wetland technology; remediation; wetland plants. 
 

1. INTRODUCTION 
 

1.1 Constructed Wetlands 
 
Wastewater discharged without proper treatment 
poses a great menace to the environment over last 
years whilst it deemed to be accelerated [1]. Therefore 
treatment of wastewater is a legal compliance under 
the National Environmental Act No. 47 of 1980 of      
Sri Lanka [2]. Thereby many industries have 

employed different types of conventional and                 
novel wastewater treatment technologies to comply 
with the wastewater treatment discharging standards 
stipulated by Central Environmental Authority (CEA) 
of Sri Lanka. However there is a wide attention 
towards the application of economical CW technology 
as a tertiary treatment technology in Sri Lanka [3]. 
Mostly industrialist, researchers in Sri Lanka                       
are highly interested in implementing this        
technology. 
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A CW is typically comprised of a wetland basin, inlet, 
outlet, substrate and vegetation [4]. Based on the 
hydrology CWs are classified as free water surface 
(FWS) wetlands and subsurface flow (SSF) wetlands. 
Likewise depending on the vegetation type CWs are 
further classified as emergent, submerge plants or 
floating leaved wetlands. Free water surface wetlands 
comprise of a wetland basin filled with a water 
column and soils to support emergent vegetation. In 
these CWs the water surface is exposed to the 
atmosphere whereas the water flow path is generally 
horizontal. Subsurface flow CWs comprises of a 
wetland basin filled with a porous material such as 
gravel or soil. Hence SSF wetlands are further divided 
in to horizontal flow (HF) and vertical flow (VF) 
wetlands based on the direction of water flow through 
the wetland basin though the biggest difference 
between a HF and VF wetland is not the direction of 
the flow, but the aerobic conditions. The amount of 
oxygen is greater in a VF beds than in HF beds [5]. It 
is assumed that the water level of this wetland basin 
exists below the top of the porous media of the basin.  
 
Though CW is relatively simple in engineering terms, 
its construction and operation depends on some 
critical design parameters including hydraulic loading 
rate (HLR), hydraulic retention time (HRT), influent 
mass loading rate of chemical constituents of concern, 
intrinsic removal rate constants for each chemical 
constituent of concern and inherent wetland 
background concentrations of each chemical 
constituent of concern and  vegetation selection [6] 
.All of these parameters are equally important in 
designing both FWS and SSF CWs. In depth CW 
design approaches consists of Reed’s method for the 
design of constructed wetlands, Kadlec and Knight 
design method and Crites & Tchobanoglous [7]. 
 
When considering the history of the CW technology 
in the world, the maiden experiments using wetland 
macrophytes for wastewater treatment were 
performed in Germany in the early 1950s [8]. 
Henceforth CWs have been proven to be effective in 
treating numerous types of wastewater generated from 
agricultural, industrial and domestic activities [9] as a 
tertiary wastewater treatment technology [10]. Use of 
this type of plant based environmental remediation 
technologies has been widely accepted by scientists 
and industrialists as a favorable low cost treatment 
technology applicable for both developed and 
developing countries [11]. In the past two decades, 
phyto-remediation in CWs had been widely used as a 
significant technology to remediate wastewaters [12]. 
However there are ample of other derivatives of this 
CW technology such as floating wetlands (FW), 
hybrid wetlands (HW),concentratic ring wetlands, 
bioswales, bio-geo filters,etc  currently practiced in 

full scale and research level in Sri Lanka and  
worldwide.  
 

2. ROLE OF PLANTS IN CONSTRUCTED 
WETLANDS 

 

Wetland plants an integral component and obvious 
visual characteristics of CW play a major role in 
enhancing the treatment of wastewater [13]. It is a 
very crucial component of SSF [14]. Plant species 
carry out a series of important biological, chemical 
and physical processes within a CW wastewater 
treatment system and make a significant contribution 
to wastewater purification [15]. 
 

Wetland plants basically stabilize the basin substrate 
and limit the channelized flow, facilitate the settling 
of suspended matters by slowing down water 
velocities. Striking facts is that plants uptake carbon, 
nutrients, and traces elements and incorporate them in 
to plant tissues [16]. Further plants transfer gases 
between the atmosphere and the sediments. Thereby 
leakage of oxygen from subsurface plant structures 
creates oxygenated microcites within the substrate 
[17]. The release of oxygen contributes for the water 
clarity [1]. Most considerably roots and stems of 
wetland plants provide surfaces for the attachment of 
biofilms. Lastly wetland plants provide litter when 
they die and decay. However well improved 
experiments have proven that appropriate planting 
helps significantly to enhance nitrogen and pathogen 
removal performance [18,19]. In addition some plant 
species are capable of releasing of antibiotics 
phytometallophores and phytochelatins. As an 
example Vincent et al. [20] had showed the 
antimicrobial properties of exudates of Mentha 
aquatica, Phragmites australis and also of Scirpus 
lacustris. Thereby plants have the potential to 
eliminate of pathogens. Significantly plants add                 
value to the aesthetic beauty creating a pleasant 
environment. Thereby the appropriate selection of 
plant species for CWs is a significant design criterion 
for the better performance of CWs [15]. 
 

2.1 Selection of Plants for Constructed 
Wetlands  

 
When considering the aforesaid roles of wetland 
plants for treatment of wastewater it is vital to select 
appropriate plant species that match with the expected 
CW goals [21,22]. Therefore selection of wetland 
plants for CW has always been one of the significant 
design criteria. Tolerability of the selected plant to 
saturated water logged substrate and high 
concentrations of wastewater loads, biological traits 
of the plants such as fast growth rate, large biomass 
and well developed root system are identified as 
desirable features of plants to be used in CWs 



 
 
 
 

Nilusha; JOGEE, 6(1): 13-20, 2017 
 
 

 
15 

 

[23,24,25,15]. Apart from the biological attributes the 
ecological acceptability is also very important since 
exotic invasive plant species results in a threat to local 
biodiversity [26]. Local availability is also desirability 
when selecting plants for wetlands [3]. However 
exotic invasive species represent a threat to local 
biodiversity [27]. Aesthetic beauty and the after use 
values of the selected plant species is also equally 
important [28]. 
 

3. HISTORY OF CONSTRUCTED 
WETLAND RESEARCH IN SRI LANKA 

 
The repository of collected literature affirms that the 
first appearance of the use of wetland plants for 
wastewater treatment research in Sri Lanka is in 1987 
by Ariyawathie et al. [29] by using sand filtration 
system with Phragmites australis. Research prior to 
this might have not been published. Yet the historical 
evidences from early Sri Lankan civilization had 
followed a similar technology of today’s phyto-
remediation which can be obviously an application of 
plants for purification of water. This application was 
well known as Kattakaduwa, a separate portion of 
land planted with different plant species in order to 

remove metal and salt in seepage water attached to 
tank cascade system [30]. Another significant 
application of phyto-remediation in the early Sri 
Lankan civilization was Kohila kotuwa (Lassia 
spinosa) attached to bathing wells which was solely 
for purification of water after bathing. Owita was 
another application in which the concept of phyto-
remediation was utilized. The perennial stream, 
originating from communal wells for bathing and 
washing purposes ran through Owita system. Owita 
played as an obstruction that prevent sedimentation 
and maintain clean water flow [31]. Furthermore 
when considering the history of CWs in Sri Lanka 
Mahathantila et al. [32] have indicated that Thawulla 
of ancient tank cascade system provides the evidences 
for the constructed wetland function in ancient 
irrigation hydraulic system in Sri Lanka. Though 
these evidences emphasize that CW technology is not 
a novel concept in Sri Lanka it is poorly applied in 
scientific literature in the form of research or 
industrial application. Therefore the following              
Table 1 summarizes the research work conducted on 
CWs in Sri Lanka along with the plant species and 
types of wastewater treated and with respective 
parameters. 

 
Table 1. Summary of previous research on CW planted with different wetland plants in Sri Lanka 

 
Plant species Type of 

CW 
Scale Type of wastewater Parameters Reference 

 

Basella alba SSF PS Domestic wastewater COD,BOD [33] 

Colocasia spp FWS LS Domestic waste water COD [34] 

Canna iridipola FW PS Lake water BOD and  inorganic 
nitrogen 

[35] 

Cyperus alternifolius 
 

HCW PS Municipal solid waste 
leachate 

TN 
 

[36] 
 

Cyperus iria 
 

SSF PS Water from oxidation pond 
of  Vavunia Tank 

pH, COD, BOD, 
TS,phosphate and nitrate 

[37] 

Eichhornia crassipes SSHF 

 

PS Domestic and Industrial BOD, COD, TSS,TN 
ammonium (NH4-N), TP 

Ca,Cu,Zn 

[38] 

FWS LS Textile wastewater BOD,COD,TN,Chlorides [39] 

SSF PS Synthetic wastewater with 
Manganese (Mn) 

Mn [40] 

FWS PS Industrial wastewater TN and TP [41] 

FWS LS Textile waste water EC, BOD, COD, TS, TSS, 
TDS, nitrates, phosphates, 
Cd, Ni ,Zn total and fecal 
coli form 

[42] 

FWS 

 

PS Textile wastewater Pb, Cr, Cd and Zn [43] 

FW PS Washout from waste 
stabilization pond effluent 

BOD,COD,TN,TP [44] 

Eleocharis dulcis 
 

SSHF LS Dairy wastewater 
 

TN, TP 
 

[45] 
 

Eleucine indica 
 

SSF PS Water from oxidation pond 
of Vavunia Tank 

pH, COD, BOD, TS 
phosphate and nitrate 

[37] 
 

Frimbistilis dichotoma SSHF LS Dairy wastewater TN, TP [45] 
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Plant Species Type of 
CW 

Scale Type of wastewater Parameters Reference 
 

Hydrilla verticillata 
 

FWS LS Domestic wastewater TN [46] 

Ipomoea aquatica  
 

VSSF and 
SSHF 

PS Cr (VI) added wastewater Cr (VI) [47] 

Lasia spinosa SSF PS Domestic wastewater COD,BOD [33] 
Lemna minor FWS 

 
LS Toddy distillery 

effluent 
pH, BOD, COD, 
Turbidity, NO3

-, PO4
3-, 

TDS, and EC 

[48] 

Limnocharis flava SSHF 
 

FS Domestic and Industrial 
wastewater 

BOD, COD, TSS,TN, 
ammonium (NH4-
N),total-P 
Ca,Cu,Zn 

[41] 

Monochoria vaginalis FWS LS Domestic waste water 
 

COD [34] 

Nasturtium officinale CRCW PS Domestic wastewater BOD5, SS and 
TDS 

[49] 

Phragmites australis  SSF LS Synthetic wastewater TN 
TP 

[50] 

SFS LS Wastewater TN,TP and COD [29] 
Pistia stratiotes FWS LS Textile waste water EC, BOD, COD, TS, TSS, 

TDS, nitrates, phosphates, 
Cd, Ni ,Zn total and fecal 
coli form 

[42] 

Salvinia molesta FWS LS Textile waste water -do- [42] 
Scirpus atrovirens HCW PS Municipal solid waste 

leachate 
TN [36] 

Scirpus grossus  
SSHF 

LS Sewage water 
Dairy wastewater 

BOD 
Ammonium Nitrogen 
Nitrate Nitrogen 

[51] , [45] 

Typha angustifolia VSSF and 
HSSF 

PS Polluted stream water Nitrate and ammonium [52] 

VSSF LS Domestic wastewater 
 

Cr [53] 

SSF: Subsurface Flow, FWS: Free Water Surface, FW: Floating Wetland, HCW: Hybrid Constructed Wetland,  
SSHF: Subsurface Horizontal Flow, VSSF: Vertical Subsurface Flow, CRCW: Concentric Ring Constructed Wetland,  

SFS: Sand Filtration System 
PS: Pilot Scale, LS: Laboratory Scale, FS: Full Scale 

COD: Chemical Oxygen Demand, BOD: Biochemical Oxygen Demand, TN :Total Nitrogen, TS: Total Solids, TSS :Total 
Suspended Solids, TP: Total Phosphorous, SS: Suspended Solids, EC: Electrical Conductivity, TDS: Total Dissolved Solids,  

Cd: Cadmium, Ni: Nickle, Zn: Zinc, Mn: Manganese, Pb:Lead, Cr: Chromium 
 
In addition to above summarized applications of 
wetland plants in CWs there can be several other 
applications those are not published. However another 
significant study on engineered CW with bio-geo 
filter (BGF) and biotope has been carried out by 
Rizwan and Athapattu in [54] for treating urban 
water. In this study a vast variety of plants have been 
utilized. These plant species include Murutha  
(Lagerstroemia speciosa), Kumbuk (Terminalia 
arjuna), Bamboo varieties (Bambusa vulgaris, 
Ochlandra stridula, Bambusa multiplex), Wel kaduru 
(Cerbera manghas), Thimbiri (Diospyras 
malabarica), Girithilla (Argyreia populifolia), Wild 
Lilies (White and green) Anthurium sp., Sooriya 
(Thespesia populnea), Walbeli (Hibiscus tiliaceus), 
Watakeiya (Pandanus latifolius), Diya Hawariya 
(Blyxa aubereei), Diya Koodalu (Impatiens sp.), Diya 
Meneriya (Commelina benghalensis), Diya Mudilla 

(Barringtonia asiatica), Kekatiya (Aponogeton 
crispus), Diya Kaduru (Cerbera manghas), Kelani 
Tissa (Tecoma stans), Koboleela (Bauhinia 
variegate), Batakirilla (Erythroxylum moonii), 
Kahapethan (Bauhinia tomentosa), Goda Kaduru 
(Strychnos nux-vomica), Thun iriya (Horsfieldia 
iriya), Thebu (Costus speciosus) Nelum (Nelumbo 
nucifera), Ma-Nelum (Nymphaea lotus), Olu 
(Nymphaea pubescens), Nil Manel (Nymphaea 
stelleta), Kumudu (Nymphoides indica). This 
literature prove that there was a historical use of vivid 
plant species for water purification and treatment in 
Sri Lanka. Nevertheless Eichhornia crassipes and 
Phragmites australis plants have been more 
commonly used in CW in Sri Lanka and Phragmites 
australis have shown to be superior in removing Total 
Nitrogen and Total phosphorus in wastewater in many 
studies [55]. 
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4. CONCLUSIONS 
 
The research on CW Technology with the application 
of plant species have been conducted in Sri Lanka 
over four decades. But the evaluation of retrieved 
literature suggests that there is a general scarcity of 
research on CW technology in Sri Lanka. However 
there are ample of   evidences for the application of 
locally available plant species for water purification in 
tanks, paddy field, home gardens in ancient times in 
Sri Lanka. Similarly collected literature surprisingly 
highlights that research on CW technology has been 
limited only for industrial, domestic and synthetic 
wastewater in Sri Lanka. Nevertheless invasive plant 
species such as Phragmites, Eichhornia crassipes and 
Typha have been frequently utilized for CW research 
in Sri Lanka. However less consideration has been 
given for utilization of locally available wild species. 
More or less fifty plant species have been utilized for 
CW research and approximately thirty published 
literature on CW research was found in scientific 
literature in Sri Lanka. Also the application of floating 
wetlands for restoration of lake contaminated lake 
water is also rarely experimented. 
 

5. FUTURE DIRECTIONS 
 
A wide range of research can be conducted focusing 
on the nutrient removal efficiencies of different types 
of wetland plants planted in different types of CW 
designs in Sri Lanka. However the void in the CW 
based phyto-remediation research in Sri Lanka can be 
filled by conducting collaborative research among 
research institutes, universities and with interested 
researchers. Especially the future research should be 
more focused on utilization of locally available 
wetland plant species with after use values rather than 
selecting invasive exotic species without any after 
use. Moreover treatment of different types of 
industrial wastewater containing heavy organic load 
such as desiccated coconut, dairy wastewater, 
petrochemical, etc and wastewater contaminated with 
heavy metals should also be researched. Growing of 
edible plant species in wetlands is another area that 
would be economical when taken as a source of food. 
Constructed Wetland technology can be upgraded to a 
more efficient technology with incorporation of 
microbes. Similarly floating wetlands are one of latest 
derivatives of CW. Thereby floating wetland plants 
can also be applied as an aid for the microbial growth 
and nutrient removal. Integrated floating wetland 
systems inoculated with microbial biofilm is another 
research area that would be economical in 
remediating contaminated water bodies. Green 
roofing can be considered as another advancement of 
CW Technology to household level where rainwater 
can be treated with a vegetated filer material layered 

on the rooftop. This will be a good remedy for the 
water shortage in urban areas. Finally this paper 
encourages future researchers to apply locally 
available plant species for their research on CWs. 
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