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ABSTRACT 
 

The use of phytoremediation is an emerging technology as an environmentally friendly and a 
low cost technology for the treatment of different kind of wastewaters. Application of 
phytoremediation techniques for the treatment of domestic wastewater was inadequately 
reported. Therefore the objective of this study was to evaluate the locally available wetland 
plants for the possible application of the treatment of domestic wastewater. Four different 
aquatic macrophytes, Ipomoea aquatica, Limnocharis flava, Monochoria vaginalis and 
Colocasia spp were evaluated for the treatment of domestic wastewater generated from 
student’s cafeteria in the University. The root dipping technique was practiced for the study. 
Seventy five liter Styrofoam boxes were used and experiment was arranged according to the 
Randomized Complete Block Design (RCBD). The water quality parameters such as 
Chemical Oxygen Demand(COD), Total Solids(TS), Total Suspended Solids(TSS), Total 
Kjeldahl Nitrogen(TKN), Orthophosphate, Electrical Conductivity(EC) and pH were 
monitored to evaluate the treatment efficiency of different plants and the fresh weight gain 
of the plants were also determined at the end. The average COD removal efficiency, 68.39% 
was the highest in the system of Limnocharis flava, while lowest 36.77% was observed in 
the Colocasia sp. system. TS, TSS, TKN, removal efficiencies were highest in the treatment 
system of Limnocharis flava, while TDS is removed efficiently by Ipomoea aquatica. 
During the study period pH was initially increased from 5.5 to 6.5 at the 6th day and it was 
constant until the end of the study in all aquatic plant systems and control units. The highest 
weight gain was observed in the Limnocharis flava and   Ipomoea aquatica. According to 
the results Limnocharis flava is the most suitable plant for the treatment of domestic 
wastewater. Nevertheless, Ipomoea aquatica was also considerably removed different 
pollutants present in the domestic wastewater. Colocasia sp. did not show any progress in 
the treatment of pollutants in the study wastewater. Therefore, the treatment system with 
Limnocharis flava and Ipomoea aquatica could be recommended for the removal of 
pollutants present in the domestic wastewater as an effective, environmental friendly and 
low cost treatment system. 
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INTRODUCTION 
The generation of wastewater in various 

human activities is a major problem for the 
degradation of environment which imposes 
serious threats to living beings. With the 
identification threat by wastewaters to living 
beings especially humans, the different 
technologies involving chemical, physical 
and biological principles, have been 
developed for the tackling the problem.1 All 
the processes used for the treatment of 
wastewater have their own advantages, 
disadvantages and limitations in terms of 
costs, treatability and secondary environ-
mental impacts in the application for the 
different types of wastewater.  

Chemical, physical and biological 
treatment technologies together or 
individually can be used for the treatment of 
wastewater originated from various places. 
However, biological treatment methods are 
more popular for the treatment of municipal 
waste waters while chemical and physical 
methods are used in industrial wastewaters.    

In urban areas, wastewater generated 
from different places is diverted to a central 
location where the wastewater treatment 
plant is installed. The advanced technology 
and cost involved in the installation and 
maintenance of such a treatment facilities are 
the major negative forces to their application. 
Therefore, the application of large central 
treatment systems in developing countries is 
limited to urban cities. On the other hand, in 
rural areas, especially in developing 
countries, the advanced central treatment 
facilities are not feasible since wastewater 
generating points are located in considerable 
distances with the lower rate of generation, 
however, considerable environmental dama-
ges are apparent due to the releasing of 
wastewater to environment, directly.   

The phytoremediation is an emerging 
technology which uses the direct living green 
plants for in-situ risk reduction for 
contaminated soil, sludges, sediments, and 
ground water, through removal, degradation, 
or containment of the contaminant.2 Since 
the phytoremediation is a natural process it 
does not pose the secondary environmental 
impacts and does not need to have higher 
installation and maintenance cost. The 
applications of this technology for various 
types of wastewaters have been reported.3-6 
However, the application of phyto-
remediation techniques, especially compara-
tive evaluation, for the treatment of domestic 
wastewater was inadequately reported. 
Therefore the objective of this study was to 
evaluate the locally available wetland plants 
in Sri Lanka for the possible application of 
the treatment of domestic wastewater. 

MATERIAL AND METHODS 

Aquatic macrophytes used for the study 

Four different aquatic plants namely, 
Ipomoea aquatica (IA), Limnocharis flava 
(LF), Monochoria vaginalis (MV) and 
Colocasia spp (CS) were used in this study. 
These plants are commonly found in water 
logged places in Sri Lanka. However, 
Ipomoea aquatica can be grown in uplands 
as well and it is used as a green vegetable.  

Preparation of experimental units 

Experiments were conducted according 
to root dipping technique used for the 
hydrophonically grown crops. Styrofoam 
boxes having dimensions of 65 cm x 35 cm x 
33 cm (75 L) were used as experimental 
units (Fig. 1). Thick black polythene sheet 
was used to cover the inside of the box to 
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avoid possible water leakages. A circular 
portion in the top of the cover of the box was 
removed to insert the plants and provide 
sufficient air movement into the boxes. The 
boxes were functioned as independent 
systems.  

Preparation of macrophytes 
Ipomoea aquatica (IA), Limnocharis 

flava (LF), Monochoria vaginalis (MV) and 
Colocasia spp (CS) were collected from a 
wetland. Root systems of the selected small  

plants were washed to remove the soil 
particles and organic materials. Plants were 
weighted to 0.1 kg for each box and put them 
in the punched cups with the help of sponges. 
Cups were inserted into the boxes which 
were filled with fresh water in order to clean 
the roots of plants further. After several days, 
boxes were filled with cafeteria wastewater 
filtered by a 3 mm x 3 mm pore sized mesh, 
and the cups with plants were placed in the 
boxes (Fig. 1). 

  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 : Schematic diagram of an experimental unit 

 
Layout of the experiment 

The design of the experiment was a 
complete randomized design with five 
treatments (four with different macrophytes 
and one control unit without plants) and three 
replicates.  Three boxes were kept as control 
without any macrophytes to find out the 
possible physicochemical removals of 
pollutants.  

Wastewater collection and experimental 
procedure 

Wastewater was collected in the main 
drainage outlet from the cafeteria and 

removed the solid particle by filtering 
through a mesh having the pore sizes of 3 x 3 
mm. After the analysis of chemical and 
physical properties of the wastewater, they 
were transferred to experimental units. Then, 
the wastewater samples from the each box 
were obtained after the thoroughly mixing 
for the analysis in two or three days intervals. 
Two runs of the experiment were practiced 
and the duration of the first and second run 
of the experiment was 14 and 10 days, 
respectively. At the first instance, plants 
were transferred to wastewater containing 
box and plants were kept in the boxes about 
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one month to acclimatize the plants to 
cafeteria wastewater. Then, after removing of 
wastewater used for acclimatization, new 
wastewater was introduced to the boxes and 
first run of the experiment was conducted. 
Three weeks after first run, second run of the 
experiment was conduced for about 10 days. 
The treatment efficiency of the each 
experimental unit having plants was 
evaluated by the change of pollutants 
(chemical or physical parameters of the 
wastewater) in wastewater with the time.  

Wastewater analysis 

The dissolved chemical oxygen demand 
(DCOD) was determined spectrometrically 
by digesting the sample in HATCH-DBR 
200 (Hatch Company, Loveland, Colorado, 
USA) digester. Total solids (TS), total 
dissolved solids (TSS), Orthophosphate (OP) 
were determined according to the procedure 
outlined in the standard methods7. Total 
Kjeldahl nitrogen (Organic Nitrogen and 

total Ammonia nitrogen) was determined by 
Kjeldahl methods. Total dissolved solids 
(TDS), pH and electrical conductivity (EC) 
were measured using a portable meter (HI 
9810, HANNA Instruments) 

RESULTS AND DISCUSSION 

Characteristics of wastewater 

The fresh wastewater generated from 
cafeteria has no abnormal color, however, 
wastewater had foul odor and considerable 
turbidity. During the weekdays, about 5-8 m3 
of wastewater is generated in the cafeteria. 
Water used for the washing of food materials 
(vegetable, rice, meat, fish, etc) prior to 
cooking, the washing of cooking utensils, 
washing of hands and plates and cups are 
normally constituted the wastewater in the 
cafeteria. The physicochemical character-
istics of the wastewater generated from 
cafeteria are given in the Table 1. 

Table 1 : Physicochemical characteristics of canteen effluent 

Parameter Value 
 Min Max 

Total Solids (mg/L) 606.6712 657.1327 
Total Suspended Solids (mg/L) 196.676 215.667 
Total Dissolved Solids (mg/L) 19223 296.6717 
pH 5.510.14 5.870.12 
Orthophosporous (mg/L) 0.380.07 0.41 
Chemical Oxygen Demand (mg/L) 397.8115 397.8115 
Total Kjeldhal Nitrogen (%) 0.6480.03 0.6480.03 
 
Reduction of organic constituents in 
aquatic macrophytes systems 

Organic constituents (pollutants) in 
wastewater can be found in two forms as 
aggregate organic compounds and individual 
organic compounds. Aggregate organic  

compounds in wastewater can be determined 
by the evaluation of TS, COD, BOD and 
TOC. The individual compound can be 
determined by using the Chromatographic 
methods such as GC, HPLC, GC-MS, etc.1 
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In this study, organic compounds were 
determined in terms of TS, TSS, TDS and 
COD.  The average TS removal observed in 
the first run of the experiment (14 days) were 
47.58%, 41.39%, 33.15%, 28.93%, and 
13.31% in Limnocharis flava, Ipomoea 
aquatica, Monochoria vaginalis, Colocasia 
sp, and control unit respectively. The highest 
TS removal (47.58 %) was observed in the 
Limnocharis flava system. However, final TS 
in wastewater kept under Limnocharis flava 
unit was still quite high and it was reported 
as ~344 mg/L while TS in control unit 
without any macrophytes was 570 mg/L. The 
reduction of TS in the second run of the 
experiment is shown in Fig. 2. It was 
apparent that the highest TS removal was 
occurred in Limnocharis flava unit (53.16%) 
and it was significantly different at 5% 

probability level (Fig 2). Duncan’s Multiple 
Range Test was used for the analysis of 
variance in TS, TSS and TDS. The results 
are shown in the respective figures (Fig 2, 
Fig 3 and Fig. 4). 

Total suspended solid removal efficiency 
was also highest in the Limnocharis flava 
unit and slightly less in Ipomoea aquatica 
unit. In the first run of the experiment the 
removal efficiency (73%) was comparatively 
low compare to the second run of the 
experiment (84 %). Total suspended solid 
removal of all the aquatic macrophytes 
system in the second run of the experiment is 
shown in the Fig. 3.  It confirmed that the 
removal of TSS in Limnocharis flava unit 
was significantly higher (at 5% probability) 
compare to the other systems. 
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Fig. 2 : Reduction in TS in the second run of the experiment 
 
Even though higher TS and TSS removals 
were observed in aquatic macrophytes 
system having Limnocharis flava, the TDS 

removal was high in the system with 
Ipomoea aquatica in both runs of the 
experiments.
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Fig. 3 : TSS removal efficiency during the second run of the experiment 
 
In the control without macrophytes showed 
negative or zero TDS removals (Fig. 4). This 
is probably due to the dissolving of solids by 
the microbial activities which results to 

increase the TDS in experimental units. The 
significantly higher removal of TDS can be 
seen in the system with Limnocharis flava 
and Ipomoea aquatica macrophytes. 
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Fig. 4 : TDS reduction during the second run of the experiment 
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With respect to DCOD removal 
efficiency, the aquatic plant systems exhibit 
higher removal efficiency compared to the 
control. The dissolved chemical oxygen 
demand removal efficiency was highest in 
the system Limnocharis flava (68.39%). 
According to the statistical analysis, DCOD 
removal by Limnocharis flava and Ipomoea 
aquatica were not have significant difference 
(Fig. 5).  

Aggregate organic compounds 
represented by TS, TSS, TDS and DCOD 
could be removed by the physicochemical 
and biological processes occurred in the 
wastewater systems having aquatic 
macrophytes. The most of the macrophytes 
cannot directly assimilate and utilize the 
most of the organic compounds, especially 
large molecular organic compounds.4 
However, microbes attached to well-
developed root system of aquatic 
macrophytes can utilize the organic 
compounds in wastewater; eventually, plants 
are able to utilize the dissolved compounds 
easily as the nutrients. At same time, roots 

offer the expanded adhesive base for 
microorganisms and results in the formation 
of a mutual beneficial sub-system based on 
the coordinated and additive effects between 
them.4  It is apparent that by the reduction of 
TSS, TS, TDS and COD in control units, the 
microbes in wastewater perform a major role 
in reduction of organic compounds. Kner et 
al. (1998) reported that their study with 
duckweeds (Lemna gibba L) for the removal 
of COD in domestic wastewater reduced 
significantly after destroying the bacteria 
with antibiotics or sterilization.8 Therefore, it 
is clear that well-developed root system can 
play a vital role for the removing of organic 
compounds in wastewater. 

Solid trapping by plant roots and 
sedimentation are the major physical solid 
removal processes. Anaerobic or facultative 
microbes living in the bottom of the system 
in low oxygen condition degrade the 
sedimented organic compounds by utilizing 
them as an energy sources, consequently, 
releasing nutrient assimilates by the 
macrophytes. 
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Fig. 5 : DCOD removal efficiency during the second run of the experiment 
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Reduction of total Kjeldahl nitrogen 
The different forms of Nitrogen namely 

organic, ammonium, ammonia, nitrate and 
nitrite are found in wastewater. With the 
activity of microbes, the organic nitrogenous 
organic compounds are converted to final 
stable compound, nitrate.1 It is assumed that 
the fresh domestic wastewater does not 
contain inorganic forms of nitrogen. Total 
Kjeldahl nitrogen represents all nitrogen 
form except nitrite and nitrate.  Total 
Kjeldahl nitrogen removal during 30 days of 
study period is shown in Fig. 6. 

Within 30 days of the experiment almost 
all the TKN had been removed by the 
macrophytes. Total Kjeldahl nitrogen 
removal efficiency in the control unit was 
38.12%.   Total   Kjeldahl   nitrogen  removal  

was quite a low process with compared to 
removal of organic compounds. This is 
basically due to the slow growth of microbes 
that assimilate the nitrogenous organic 
compounds. With the increase of bacteria 
population, the TKN nitrogen removal was 
increased and almost all TKN was removed 
after 30 days. The system with Limnocharis 
flava and Ipomoea aquatica removed more 
than 60 % of TKN within 15 days and more 
than 90 % was removed within 20 days  
(Fig. 6). It is apparent that Limnocharis flava 
and Ipomoea aquatica perform well with 
regards to the removal of nitrogen. The 
higher nitrogen removal obtained in this 
study is agreed with the results by Miao et 
al., (2007) with Ipomoea aquatica.9 
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Fig. 6 : TKN removals in different aquatic systems 
 

Phosphate removal in wastewater 
Phosphorus can be found in wastewater 

as orthophosphate and polyphosphate. 
Orthophosphate is the form of phosphate that 
readily  absorbed  by plants. Orthophosphate  

in wastewater can be found as HPO4
2--, 

H2PO4
- and PO4

3-. Orthophosphate in 
cafeteria wastewater used for the study was 
comparatively lower than the reported 
values.8,10 The types of detergent used in 
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washing and types of foods may influence 
the concentration of phosphorus in 
wastewater. Orthophosphate concentration in 
the first run of the experiment is shown in 
Fig. 7. It seems that the polyphosphate 
present in wastewater had been converted to 
OP by microbial activities during the course 
of the experiment results in the increased of 
OP in all experimental units even in the 
control unit which do not have any 
macrophytes. In the second run of the 
experiment, it was found that OP 
concentration was not considerably changed. 
This phenomenon could be occurred due to 
the utilization of OP, which was converted 
from polyphosphate by microorganisms, by 
macrophytes. However, orthophosphate 
removals by aquatic macrophytes were 
comparatively very low. Quite similar study 
conducted by Seni and Jara (1995) reported 
that Ipomoea aquatica grown in a tank 
removed the DCOD and TSS considerably 
over facultative ponds.11 However, they 
further reported that total phosphorous 
removal by Ipomoea aquatica was quite low 
and considered to be insignificant.  

Electrical conductivity variation in 
different aquatic systems 

The reduction of EC in cafeteria 
wastewater used for the study with 
macrophytes was observed in all the 
experimental systems. The electrical 
conductivity of cafeteria wastewater used in 
the first run was 416µs/cm and it was 
reduced considerably (during 14 days) in all 
treatment units having macrophytes, while 
EC of control without macrophytes was 
observed to be increased. In the treatment 
units with macrophytes, the EC may reduce 
due to utilization of soluble degraded product 
by the macrophytes. In the second run of the 
experiment, the reduction of EC in 
macrophytes systems was comparatively 
higher than the first run. However, highest 
reduction of EC was observed in the system 
with Limnocharis flava followed by Ipomoea 
aquatica system. No significant difference 
(at 5% probability) in reduction of EC in 
macrophytes systems with Limnocharis flava 
and Ipomoea aquatica were observed  
(Fig. 8). 
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Fig. 7 : Orthophosphate concentration in the first run of the experiment 
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Fig. 8 : EC variation during the second run of the experiment 
 

pH variation during study 

The average pH during the both runs of 
the experiment was slightly increased in all 
aquatic plant systems and the control. The 
pH was initially increased from 5.5-6.5. The 
rise of pH is basically attributed to the 
biochemical processes.12 Plants can absorb 
anions such as NO3

-, NO2
-, PO4

3-, etc., for 
their growth and, eventually, the reduction of 
acid forming anions result to increase the pH 
in wastewater. The pH in treatment units 
during study varied in between 5.4 and 6.6, 
no values below 4 or above 9.5, which the 
most of bacteria cannot be tolerated, was 
observed.1  

 

Weight gain of aquatic macrophytes 

The treatment unit with Limnocharis 
flava showed the highest final fresh weight 
(716.67g) than others at end of the 47 days. 
The final weight of Colocasia sp. was 
comparatively lower than other macrophytes 
systems (Fig. 9). After stabilizing the plants 
to the cafeteria wastewater and developing 
the good root system, the weight gain was 
higher in the second run of the experiment. 
The well developed dense and elongated 
roots system was observed in wastewater 
treatment system with Limnocharis flava and 
Ipomoea aquatica while very poor root 
system was developed in Colocasia sp.   
(Fig. 10). 
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The nutrient deficiency symptoms of 

macrophytes were observed at the end of the 
first run of the experiment. Nitrogen 
deficiency could be observed mainly because 
all most all nitrogen was absorbed by plants 

at the end of the first run of the experiment. 
During the period of second run of the 
experiment above symptoms were evaded, 
however, at the end of the second run the 
deficiency symptoms were reappeared.

 

First Run Second Run 

 

        

 

  
 

       

 

 
Fig. 10 : Root system of Ipomoea aquatica (IA), Limnocharis flava (LF), Monochoria vaginalis (MV) 

and Colocasia sp (CS) 
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CONCLUSION 
The aquatic macrophytes can reduce 

aggregate organic compounds such as COD, 
TS, TSS and TDS, in different degrees, in 
wastewater. The systems with Limnocharis 
flava can successfully reduce the aggregate 
organic compounds over other macrophytes 
used in the study. Based on the results 
obtained in this study, it appears that 
microbes in wastewater perform a vital role 
for the releasing of nutrient to the wastewater 
by utilizing the organic compounds for their 
growth and development. The macrophytes, 
which showed good performances with 
regard to pollutant removal, had a well 
developed, elongated, dense root system, 
which facilitate the microbes to colonize well 
to form satisfactory habitat for their growth 
and development. Eventually, the benefits of 
degradation product of organic compounds 
can be used by the aquatic macrophytes to 
their growth and development. Therefore, it 
can be concluded that microbes as well as 
macrophytes, together, performs great role to 
purify the polluted wastewater. The 
phytoremediation systems with Limnocharis 
flava and Ipomoea aquatica after developing 
a good root system have a high potential to 
reduce the pollutants in cafeteria or kitchen 
wastewater. Since the low cost, 
environmentally friendly and simple 
technology, the use of macrophytes for the 
remediation of domestic wastewater is a 
promising technology which could be 
adopted by the developing countries where 
limited resources are available for the 
installation of high tech treatment plants. 
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