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Abstract: 

Table-scale Floating Constructed Wetland (FCW) Reactor systems were constructed to 

operate in a batch mode and evaluate the rates of treatment at various concentrations of 

sewage. Cyperus esculentus L. macrophyte species were transplanted, acclimatized to 

sewage and then subjected to treatment using municipal sewage at 20%, 40%, 60%, 80% 

and 100% test concentrations with a set of control for comparison. The sewage samples were 

characterized before, periodically at the interval of 7 days and after the treatment for 35 days 

for pollution reduction rates in each set. It is seen observed that systems are capable in 

reducing the pollution load at all the concentrations of sewage evidenced by the reduction in 

characteristics like TDS, TSS, BOD and COD  and nutrient contents to the considerable 

extent. Maximum reduction in terms of TSS (78.70%) in  20% sewage concentration, TDS 

by 79.45% in both, 20% and 40% sewage concentrations, BOD by 83.33% in  20% sewage 

concentration and COD (81.16%) in  20% sewage concentration along with considerable 

reduction in nitrates, phosphates, sulphates and chlorides. Studies revealed that the Floating 

Constructed Wetland Reactor (FCWR) systems are suitable for sustainable phyto-

remediation of sewage with no operating costs; low maintenance costs and enhances the 

landscape with ecofriendly environment.  
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Introduction: 

The term “Phyto-remediation Treatment” encompasses the life interactions of bacteria, the 

roots of the wetland plants, soil, air, sun and water at natural sites. This system of effluent 
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treatment is an engineered method of decontamination and purification of municipal sewage 

by the root-zone of macrophyte grown in the wetland bed of artificially constructed wetland 

area. It is mostly suited as better, an effective and reliable secondary and tertiary treatment 

method. The pollutants are removed by various physical, chemical and biogeochemical 

processes of absorption, decomposition and nitrification by bacteria well as through uptake 

by wetland plants (Chopra et.al., 2016). These systems are most suitable for domestic gray 

water cum sewage from schools, hospitals, hotels and for smaller communities. The aim of 

this research work was to investigate the rate of pollution reduction and effectiveness of the 

floating constructed wetland system using macrophyte plant Cyperus esculentus L. in the 

treatment of sewage at different concentrations. Principle employed for the Floating 

Constructed Wetland (FCW) Reactor systems was to allow the macrophytic bed having 

root zone floated on the shallow sewage surface and allow the macrophyte to grow 

while utilizing the nutrients by plant’s uptake processes and remove pollutants from 

the sewage. They also result a rich microbial community that brings about the 

biochemical transformation of pollutants. 

 

Materials and methods: 

A field Survey of the emergent macrophytes was conducted around the existing 

sewage flow sites and stagnant shallow waste water bodies located in and around the 

Aurangabad city. The plants growing in sewage and highly polluted water bodies were 

listed and the common plant from the different studied locations was selected for the 

phytoremediation treatment beds and Cyperus esculenta L was selected as was 

common to all locations.  

 

The Floating Constructed Wetland (FCW) Reactor systems were designed, fabricated 

and developed by using locally available materials. The plastic crates having length 

0.047 meter, breadth 0.038 meter, height till holding notch 0.016 meter and effective volume 

of about 0.0000286576 m3 (28.66 Liters) having surface area 0.001786 m2 were used for the 

construction of floater bed in constructed wetland system. The effluent holding iron tanks 
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cum shallow basin sewage container tanks were having length 0.094 meter, breadth 0.078 

meter, height till holding notch 0.0185 meter and effective volume of about 0.0000135642 

m3 having surface area 0.007332 m2 were constructed and used for holding the sewage in 

which the floating construction wetland reactor systems were floated during the 

experimental treatment period.  

 

River bed sand, crushed stone aggregates, thermocol sheets formed the inert layer-

wise phytoremediation bed in the plastic crates in which the macrophyte was 

transplanted in 5 rows and 6 columns with 4 saplings at each junction point and 

adjacent equidistance locations with the total of 120 plant saplings and acclimatized 

for a month to the sewage except the control set with tap-water.  

 

 
Fig. 1: Conceptual Design of FCWR and views of Cyperus esculentus L. planting in floater 

bed of constructed wetland; a-points of planting, b-planting of saplings, c-planting row 

symbol and d-top view of planting points. 

 

Sewage samples were collected in the plastic containers of 20 liter capacity each and 

different dilutions viz.20%, 40%, 60%, 80% and 100% were prepared using tap water 

as control. A sample of 200ml of partially treated sewage was collected and analyzed 

intermediately for various characteristic using Standard methods (APHA, 2005). The 

characteristics viz. pH, EC, TSS, TDS, TS, BOD, COD, nitrates, phosphates, sulphates 

and chlorides of raw sewage were analyzed. The shallow basin holding container tanks 

were filled with appropriate sewage dilution and crates with sewage acclimatized (for 

a month) phytoremediation bed of Cyperus esculenta L. was floated. The samples for 

intermediate analysis were collected for intermediate status analysis and analysed. The 

a 

b 
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experiment was continued for 35 days and treatment efficiency in terms of all pre-

analysed physicochemical characteristics at the regular interval of 7 days was 

calculated for each experimental set including control using following equation; 

Pollutant Removal Efficiency= [ (Ci-Cf)/Ci ] X 100 
 
Results and Discussion: 

Healthy growth of Cyperus esculentus L. at the 100% sewage concentration during the entire 

study period of 35 days indicated that it is highly tolerant to sewage pollution, furthermore, 

it is revealed that Cyperus esculentus L is capable to reduce the pollution strength of sewage 

considerably without any adverse impact or toxicity. The system under consideration is a 

natural system and hence is sustainable as pointed by Read and his co-workers (1988). The 

reduction in different pollution measuring parameters reflected that the Cyperus esculentus L 

is most suited macrophyte for sewage treatment even at its 100% concentration or at any 

percentage of sewage dilutions. The pH of sewage was reduced from 7.5 to 7.1 within the 

treatment period of 35 days with cyperus esculentus using floating contructed wetland 

system during which the EC was changed from 968 µS/cm to 963 µS/cm. Reduction in 

terms of TS, TSS and TDS contents were from 896 mg/L, 532 mg/L and 364 mg/L to 484 

mg/L, 281 mg/L and 203 mg/L was resulted within the period of 35 days. The BOD and 

COD were reduced from 172 mg/L and 378 mg/L to 77 mg/L and 207 mg/L respectively 

during this period. Reduction in nitrate contents (0.221 mg/L to 0.130 mg/L), sulphates (77.4 

mg/L to 46.44 mg/L), phosphates (6.13 mg/L to 3.63 mg/L) and chlorides (186 mg/L to 

152.5 mg/L) were also considerable. The sewage treatment in terms of different physic-

chemical parameters is presented in Table 1. The results obtained in present investigation are 

in good agreement with the studies conducted by Kumar and his co-workers (2015). 
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Table 1:Efficiency of sewage treatment in different treatment sets with different 

concentrations by the treatment with Cyperus esculentusL. 
Parameter in 

Experimental 

Set Ups 

Treatment Efficiency in each Set at different concentrations 

 

Parameters 

Reference 

set (T0) with 

0% Conc. of 

sewage  

(Tap water)  

Treatment 

(T1) with 

20% Conc. 

of sewage 

Treatmen

t (T2) 

with 40% 

Conc. of 

sewage 

Treatment 

(T3) with 

60% Conc. 

of sewage 

Treatment 

(T4) with 

80% Conc. 

of sewage 

Treatment 

(T5) with 

100% 

Conc. of 

sewage 

pH 0% 2.74% 2.73% 2.70% 4.05% 5.33% 

EC (µS/cm) 5.4% 5.7% 4.5% 9.13% 6.57% 0.5% 

TSS (mg/L) 25% 78.70% 75.70% 70.18% 52.94% 47.18% 

TDS (mg/L) 25% 79.45% 79.45% 70% 70.79% 44.23% 

TS (mg/L) 25% 79.00% 77.22% 70.11% 60.19% 45.64% 

BOD (mg/L) 16.66% 83.33% 78.77% 61.05% 60.05% 55.23% 

COD (mg/L) 43.08% 81.16% 77.82% 59.26% 56.16% 45.23% 

NO3(mg/L) 54.54% 81.39% 68.96% 59.23% 54.85% 40.90% 

PO4(mg/L) 50.00% 80.0% 69.91% 57.67% 60.31% 40.78% 

SO4(mg/L) 72.72% 41.70% 70.05% 71.89% 53.99% 40.0% 

 Cl¯ (mg/L) 20.0% 59.94% 54.83% 42.02% 24.93% 18.01% 

 

The rate of change in pH (Fig. 2), EC (Fig.3), reduction in TSS (Fig.4), TDS (Fig.5), TS 

(Fig.6),  BOD (Fig.7), COD (Fig.8), nitrates (Fig.9), phosphates (Fig.10), sulphates (Fig.11) 

and chlorides (Fig.12) indicate that the Cyperus esculentus L is suited for the treatment of 

sewage at any of the concentrations. The floating constructed wetland reactor systems are 

capable to reduce the pollution. The proper selection of macrophyte plant species for 

phytoremediation plays an important role in the development of remediation methods (Salt 

et al., 1995). The search for indigenous plants, often better in terms of survival, growth and 

reproduction under the stressful field conditions is an adequate approach to find plant 

species with contaminant resistance capabilities and even with the capacity to accumulate 

heavy metals at very high levels (Yoon et al., 2006). The macrophyte Cyperus esculentus L 

studied in present investigations satisfied these requirements. 
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Fig. 2:Reduction in pH with respect to treatment period;   Fig.3: Changes in EC with respect to treatment period 

 

                  
Fig. 4:TSS reduction with respect to treatment period   Fig. 5: TDS reduction with respect to treatment period 

 

                 Fig. 6: TS 

reduction with respect to treatment period      Fig. 7: BOD reduction with respect to treatment period 

 

                
Fig. 8: COD reduction with respect to treatment period             Fig. 9: Nitrate reduction with respect to treatment period 
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Fig. 10: Phosphate reduction with respect to treatment period                       Fig. 11: Sulphate reduction with respect to treatment period 

 

 
Fig. 12: Chloride reduction with respect to treatment period 

Watson and Choate studied the performance of constructed wetland treatment systems at 

Benton, Hardin and Pembroke, Kentucky, during the early vegetation establishment phase. 

The studies reveal that the well adapted system gives higher treatment efficiencies which is 

supported the present work and appears that the constinuation of treatment may further 

prove fuitful in better treatment efficiencies with the maturation of macrophytes growing in 

the floating constructed wetland reactor (FCWR) systems.  

 

Conclusion: 

The present investigation reveals that the design of FCWR fabricated using locally available 

materials with Cyperus esculentus L macrophyte bed is capable to reduce the contaminants 

and control the sewage pollution at any of the concentrations.  
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