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Abstract: In this scenario, the Floating Treatment Wetland system (FTWs)   are effective, 

eco-friendly, natural, energy-saving, and economical way of wastewater treatment. FTWs 

is a constructed floating raft has macrophytesgrowing above water surface with their roots 

are hangingbelow without touching the sediment.  The plant roots uptake the nutrients 

from the wastewater and use it for their growth and reproduction.  Also, provides habitat 

for microbial colonies. The microbes also enhance the treatment process by the breakdown 

of organic pollutants to simple inorganic nutrients that will be further absorbed by the 

plants. Furthermore, plant roots entrap solid particles and maintain a hydraulic flow 

between roots and water below FTWs. In this review article,  the structure and design of 

FTWs, the features and operational parameters of FTWs, the role of plants, mechanism of 

pollutant removal, the efficiency of FTWs in the removal of nutrients, organic+matter and 

heavy metals, FTWs status in India and finally the points to consider in installation and 

maintenance of  FTWs are discussed. 

 

Keywords: floating treatment wetlands, wastewater treatment, pollution, mechanism, 

installation, and maintenance. 

 

1. INTRODUCTION  

 

Nutrient contamination from untreated sewage, industrial wastes, and many other 

anthropogenic activities, deteriorating the water quality of freshwater bodies. Nutrients and 

contaminants loading cause eutrophication of rivers, lakes, and ponds (Imboden, 1974). It 

causes a rapid increase in plant growth and algal blooms as a result the depletion of dissolved 

oxygen occurs in water bodies that affect the survival and reproduction of fauna. All that 

needs is effective wastewater treatment to keep our water bodies breathing. The centralized 

wastewater treatment systems are often expensive to construct and often fail due to lack of 

maintenance (Dubey & Sahu, 2014). It needs an environment friendly, low cost,low 

maintenance, and highly efficient technology. The need for restoration of quality of water 

without further damaging nature gave the idea of simulation of this natural 

phenomenon.(Headley & Tanner, 2012)(Van De Moortel et al., 2010)(Rehman et al., 2019). 

Thus, Floating Treatment Wetlands (FTWs) were established as a hydroponic technology  to 

treat wastewater systematically, feasibly, and cost-effectively ((Headley & Tanner, 

2012),(Dubey & Sahu, 2014).This review gives insight into the structure and design of 

FTWs, the features and operational parameters of FTWs, the role of plants, plant-bacteria 
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synergism in pollutant removal, mechanism of pollutant removal, the efficiency of FTWs in 

the removal of nutrients, organic matter, and trace metals. FTWs status in India and finally 

the points to be considered in the installation and maintenance of  FTWs. 

 

Floating Treatment Wetlands 

FTWs are the treatment wetlands which are conceptually similar to natural wetlands 

excluding, their artificial floating raft which supports the growing macrophytes(Tanner et al., 

2011). FTW is a system which is the combination of hydroponic planting technology and 

ecological engineering designed for wastewater reclamation in a sustainable, eco-

friendly,long lasting, easy to maintain, and cost-effective manner (Rehman et al., 2019). The 

first term proposed by Fonder  and Headley  in 2010 to designate this system was” floating 

emergent  macrophytes treatment wetland” but as the title was  too long later on it was 

abbreviated to “floating treatment wetland “in 2012 by Headley and Tanner  after that  many 

aliases were used such as”constructed floating wetlands”, floating treatment wetlands”,” 

artificial floating Islands”. Artificial floating Reed beds”, the integrated floating system”,” 

integrated ecological floating bed”, floating mats”, floating Islands” (Van  duzer 2004);(Van 

De Moortel et al., 2010);(Billore et al., 2009);(Headley & Tanner, 2012);(Li et al., 2010)(C. 

Chen et al., 2013)(Rehman et al., 2019) 

 

Structure 

Structurally, the FTW system is composed of a floating raft with emergent macrophytes 

above the water surface and root zone below. The floating raft can be made from natural 

materials such as bamboos, coconut coir beds or man-made materials such as polyester 

sheets, PVC pipes, foam, floating frames which acts as a platform  to fix and support the 

plants and enhance their growth  (Billore et al., 2009)(Yao et al., 2011)(Shahid et al., 

2018),(Z. Chen, Cuervo, et al., 2016) 
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Figure 1: Schematic representation of floating treatment wetlands( FTWs)  structure and 

pollutant removal process Adapted from:(Tanner et al., 2011). 

 

Features and operational parameters 

Vegetation and plant coverage 

The selection of plant species for the FTW system relies on many factors such as type of 

wastewater, climate, species growth, the root type and growth in terms of length and surface 

area, aerenchymatous nature of roots, tolerance to high pollutant level, and ability to 

efficiently grow hydroponically (Headley & Tanner, 2012)(Rehman et al., 2019) ( (Colares et 

al., 2020).  

 

The fundamental characteristics for selection of a plant species for floating treatment wetland 

system are –1. Preferably, it should be native and non-invasive species, 2. Should be 

terrestrial and perennial in the habit, 3. Capable to form dense and submerged root network, 

4. Should have aerenchymatous roots and rhizomes for high oxygen diffusion and to enhance 

their buoyancy potential, 5. Capable of adapting to harsh hydroponic conditions without 

showing symptoms of toxicity, 6. Should have the potential of high nutrient uptake(Wang et 

al., 2014);(Tanner et al., 2011); (Z. Chen, Cuervo, et al., 2016);(Colares et al., 2020); 

(Rehman et al., 2019).The most commonly used macrophytes in FTW systems belong to 

family Cyperaceae (e.g. Carex fasicularis, Cyperus articulatus, C. papyrus, Schoenoplectus 

validus, Scirpus californicus, S. lacustris ),Poaceae (eg Paspalum pennisetum, Phragmites 

australis., Vetiveria zizanioides )and Typhaceae (eg. Typha sp., T. dominguensis, T. latifolia, 

).Studies showed that both terrestrial and halophytic plant species have the potential to use in 

FTWs. However, aquatic plants also performed very well and have their significance in 

wastewater treatment depending on the availability of plant species and type of treatment 

system. Terrestrial plant species have potential to develop huge network of  root system 

which makes them suitable for uptake of contaminants but halophytes are a more suitable 

choice due to the presence of aerenchyma in their roots,  (Shahid et al., 2018) ability of roots 

to transport oxygen to plant rhizosphere, (Stottmeister et al., 2003)   ability to create redox 

potential gradient in the root zone, release sugar and organic acids along with secondary 

metabolites that help microbial communities in pollutant degradation (Jan Vymazal & 

Kröpfelová, 2009). 

 

Macrophytes role in the treatment process 
The above-ground part of macrophytes is involved in nutrient storage, provides insulation to 

the fauna of water body in winters, reducing wind velocity, reduces the risk of re-suspension 

of  particulate matter,reduces the growth of algae by  light attenuation, and give an aesthetic 

appearance to the water body. The plant part submerged in water is involved in uptake of 

nutrients, prevention of medium clogging in vertical flow systems, provide a surface for 

formation of microbial biofilms, entrapment of suspended particulate matter,release of root 

exudates and enzymes for the attraction of microbes (J Vymazal, 2008),(Rehman et al., 

2019). 

 

Buoyancy cum floating mat design 

An artificial floating mat design is similar to the natural floating mat which is built naturally 

without any supporting structure and floats on the surface of the water by their inter-wined 

roots, rhizome, organic matter, and plant litter that forms a natural floating mat (Shahid et al., 
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2019).  FTWs should be designed such as the root biofilm network remains in maximum 

contact with polluted water and not touching the bottom of the pond. Principal aspects 

considered during designing of an FTW are the buoyancy, durability, functionality, size, 

weight, environmental sensitivity, depth of water being treated, anchoring, flexibility, and its 

cost ( (Headley & Tanner, 2012), (Z. Chen, Cuervo, et al., 2016)(Shahid et al., 2019). The 

floatable raft with different buoyant materials such as PVC pipes, bamboos, polyurethanes, 

polyester sheets has been used in different experiments. The material choice for FTWs 

construction decides the cost, durability, strength, longevity, and effectiveness to withstand 

changes in environmental conditions (Colares et al., 2020). 

 

The type of vegetation i.e. macrophytes with aerenchymatous abilities are preferred since it 

makes the raft to float efficiently with increasing shoot length. Halophytes and emergent 

aquatic macrophytes have been most commonly used. The design engineering parameters 

also depend on  purpose of treatment and  wastewater to be treated. If wastewater with a 

higher percentage of fine particles, the FTWs of larger size with  lower depth  are preferred as 

it establishes a dense root system which acts as a filter for fine particulate matter while for  

the treatment of wastewater with coarse suspended solid particles, FTWs should have  a  free 

zone with loosely arranged root network which allows water to move freely through it  

promoting coagulation of bigger particles along with degradation of pollutants since best free 

water zone act as a laminar flow ( (Headley & Tanner, 2012); (Rehman et al., 2019).  

Nevertheless,the area covered by macrophytes and density of plants on a floating raft are also 

important factors. The recommended surface coverage should be less than 50% of mat 

surface since by the end of the growing season 80% of mat area will be covered by vegetation 

(Colares et al., 2020). 

 

Hydraulic retention time (HRT) 

 The hydraulic retention time is a measure of an average length of time holding the 

wastewater in a treatment system unit either in the field or in the laboratory. The HRT value 

in the FTWs researches have been done to date ranging from few hours to several days such 

as a minimum of  2.1 h (Kussin et al.2019), one day( (Gao et al., 2017)), 2  days, and 7 days  

((Abed et al., 2019), 22 days ((Van De Moortel et al., 2010),49 days (Effendi et al.2017), 6 

months ((Billore et al., 2009), 540 Days ( (Shahid et al., 2019). with an increase in HRT  the 

BOD,  turbidity. TSS, COD, and NO3-N decrease while the amount of dissolved oxygen and 

ammonium nitrogen NH4 –N., sedimentation increases but a short HRT period 2 to 7  days 

increases BOD  than control which is without macrophytes. Gonzales et al.recommended a 

minimum HRT of 5 days. In their studies, when the HRT was reduced from 14 to 7 days, 

there were no significant changes in the results.  

 

Ghosh and Gopal 2010 conducted a study on HRT effect on the tertiary treatment of 

wastewater with Typha angustata. They kept the HRT of 1, 2,3,4  days the HRT  of 4 days 

showing maximum results that is 90% of nitrate nitrogen and TKN, 100% of NH4-N  

removal, and significant removal of BOD and COD (Ghosh & Gopal, 2010). In another 

study, the HRT of 4 days was found to be essential for meeting the desired bathing standard 

for fecal coliforms and N  removal while substantial P removal requires a higher HRT of at 

least 15 days (Toet et al., 2005). 



International Journal of Aquatic Science  

ISSN: 2008-8019 

Vol 12, Issue 02, 2021 

 

 

1861 
 

Mechanism of pollutant removal 

In FTWs wastewater reclamation occurs by various physico-chemical, and biological 

processes. The important processes involved in contaminant removal in FTWs are 

contaminants settling and binding in sediment pool, uptake of nutrients (nitrogen and 

phosphorus) and heavy metal ions by plants, release of root exudates and extracellular 

enzymes from plant roots, development of microorganisms biofilm on the root surface, 

enhancement of anaerobic conditions in the water column beneath the floating mat. 

 

 

 

Removal of dissolved and suspended solids 

Total dissolved solids (TDS) is the conductivity and salinity of the water. Similarly, total 

suspended solids( TSS)  show the nitrates, phosphates, carbonates, and bicarbonates of  K, 

Na, Mg and Ca  salts, organic matter and, other particles. TSS are predominantly eliminated 

by physical settling, plants  uptake and filtration process of  FTWs(Wei et al., 2020)(E. Borne 

et al., n.d.). From studies, it has been found TDS  and TSS of water shows a significant 

decline on the inclusion of FTWs (Prajapati et al., 2017)(Nichols et al., 2016)(Tanner, 1996). 

The plant root network  plays a crucial role in the entrapment, filtration, and sedimentation of 

suspended solids and pollutants(Tanner et al., 2011).  

 

Removal of nutrients by FTWs 

The Major nutrients of wastewater are nitrogen and phosphorus. Plants uptake nitrogen as 

nitrates, microbes convert ammonium nitrogen to nitrate by nitrification process.(Z. Chen, 

Cuervo, et al., 2016)(Zhang et al., 2016). From studies it has been found that 61% of total 

nitrogen is removed by microbes, 14 % uptake by plants, 25% is retained in water being 

treated with FTWs(Rehman et al., 2019). Therefore, bacteria enhances the removal of 

nitrogen along with plants by their enzymatic actions. Studies revealed that the mechanism 

involved in phosphorous removal is sorption of dissolved phosphorus, physical entrapment of 

phosphorus in roots, and settlement (K. E. Borne, 2014). A field trial for Phosphorus removal 

with FTWs was carried out at Auckland, New Zealand in the stormwater retention pond.  

They found a 27% decrease in phosphorus in the outlet (K. E. Borne, 2014) .  Chang et al. in 

2013 reported that 47.7 percent of total phosphorus and 79% of orthophosphate removal from 

stormwater retention pond using Juncus effusus. In the comparative study of different plant 

species, they found that Juncus effusus more efficiently uptake nutrients than Pontederia 

cordata ( 77 .0 g N, 8.8g P  removal) (Chang et al., 2013).Ge et al. in 2016 studied the effect 

of seasonal changes on nutrient removal and harvesting strategy using three plant species   

Canna Indica, Thalia dealbata, and Lythrum salicaria.  Among all these Thalia dealbata 

exhibited the best seasonal applicability and best nutrient removal efficiency. TN removal is  

69.96% +2.11%, TP  removal  is 82.4% +2.34% (Ge et al., 2016).Another comparative study 

on nutrient uptake using plant species Iris pseudocorus and Typha angustifolia was 

conducted.  Iris showed free total nitrogen and total Phosphorus removal rate higher than 

Typha i.e. TN 74% and TP 60%(Keizer-Vlek et al., 2014)  For  Phosphorus removal use of 

pelletilized ochre cement pellets was also done, results showed improved the performance of 

FTW in phosphorous removal ( (Abed et al., 2019).  

 

Removal of heavy metal ions 

Heavy metal ions are removed by the process of their binding with soil and sediments, 

precipitation and uptake by microbes and plants ( Kadlec &Wallace 2009), and formation of 
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metal sulfides (Rezania et al., 2016). The removal of  toxic metal ions  is stimulated by root 

exudates that help in forming metal sulfides and hydroxides (Dodkins-Report. 2018 0n 

Efficiency of FTW, n.d.) 

 

Huang et al. in 2017conducted a study on the removal of heavy metals Cu, Zn, Pb, Cr from 

Yangtze estuary.The maximum Pb concentration value in the roots (24.54 mg/kg) was 

observed, Zn concentration in above-ground plant tissues was 66 mg /Kg,  highest Cu 

concentration 27.84mg /Kg found in rhizome in summer and 149.58 mg Cr /Kg in the roots. 

It was concluded that roots are the main site of heavy metal accumulation that are good for 

phytoremediation.(Huang et al., 2017). From some other studies, it was also found that plants 

aggregate and immobilize metals in their root tissues. Thus,  limiting metal toxicity in the 

above ground parts (Bragato et al., 2006)(Wei et al., 2020). 

Indian status of FTWS for wastewater reclamation 

Billore et al in 2009 conducted a study using Phragmites australis using an experimental 

mesocosm at river Kshipra. The results showed  55–60% of TS, 45–55% of NH4-N, 33–45% 

of NO3-N, 45–50% of TKN, and 40–50% of BOD removal (Billore et al., 2009).  

 

Introduction of the largest floating island with 3500 saplings for the revival of Neknampur 

lake of Hyderabad by an NGO Dhruvansh have remarkably improved the quality of water by 

absorption of a high content of nitrogen and phosphorus in the lake( the Hindu, Feb 03,  

2018). The FTWs were installed close to the entry point of wastewater with three different 

layers of cleaning, first layer is of floating aquatic weed, the second layer is of Typha and  

Phragmites. After passing through these layers dirty water gets cleaned enough for the 

survival of fishes and other aquatic animals. Dhruvansh NGO has been awarded in December 

2019 for saving and rejuvenating Neknampur lake ( The Hindu, 20 December 2019). In  

2018, the  Delhi government took the initiative to control water pollution in Delhi Rajkori 

lake by introducing FTW and given the name floating purification Iceland(  Times of India, 

December 28, 2018). 

 

Implementation and maintenance of FTWS 

1. Tall plants should be avoided since they can cause sailing, drifting, or sinking of  FTWs 

under high wind currents. 2. Deciduous plants with large aboveground biomass loss should 

be avoided as it releases accumulated pollutants further in the water column. 3.Plants with 

dense and fibrous root system should be preferred since it provides a large surface area for 

biofilm formation. 4. Plant species tolerant to high pollutant load and anaerobic conditions 

should be preferred. 5. All aquatic weeds should be removed before installation and regular 

monitoring should be done to prevent their proliferation in pond and FTW. Regular pulling of 

weeds should be done from FTW.6. Netting or plastic grids should be used to cover at initial 

stages to prevent damage of saplings from feeding by birds or animals (K. E. Borne et al., 

n.d.). 

 

2. CONCLUSION  

 

In developing countries such as India, FTWs are cost-effective means of wastewater 

reclamation.  It is a good example of eco-engineering technology for treating wastewater.  

Important aspects to be considered during installation of FTWs includes durability, strength a 

floating raft,  its ability to provide space for  growing plant roots, withstand fluctuating water 
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currents.  Plant vegetation should be capable to grow and uptake the nutrients without 

showing signs of toxicity.  Harvesting and removal of sediment should be done when 

required for greater functioning of FTWs.The detailed mechanism of pollutant removal by 

plants and microbes is topic of future research.  Plastic waste products and other packaging 

waste products should be used for the construction of rafts to make it minimize its cost to 

zero. More number of native plant species should be explored.  Furthermore, the harvested 

vegetation use for biofuel production or in any other use is the area of research. 

 

3. REFERENCES  

 

[1] Abed, S. N., Almuktar, S. A., & Scholz, M. (2019). Phytoremediation performance of 

floating treatment wetlands with pelletized mine water sludge for synthetic greywater 

treatment. Journal of Environmental Health Science and Engineering, 17(2), 581–608. 

https://doi.org/10.1007/s40201-019-00372-z 

[2] Anderson, D. M., Hole, W., Glibert, P. M., & Burkholder, J. (2002). Harmful Algal 

Blooms and Eutrophication : Nutrient Sources , Composition , and Harmful Algal 

Blooms and Eutrophication : Nutrient Sources , Composition , and Consequences. 

August. https://doi.org/10.1007/BF02804901 

[3] Billore, S. K., Prashant, & Sharma, J. K. (2009). Treatment performance of artificial 

floating reed beds in an experimental mesocosm to improve the water quality of river 

Kshipra. Water Science and Technology, 60(11), 2851–2859. 

https://doi.org/10.2166/wst.2009.731 

[4] Borne, E., Fassman, A., & Tanner, C. (n.d.). Performance comparison of a field-scale 

Floating Treatment Wetland for phosphorus, heavy metals and TSS removal from 

stormwater runoff Etude comparative d’une Ile Flottante Végétalisée pour le traitement 

des eaux de ruissellements chargées en phosphore, métaux lourds et MES. 

[5] Borne, K. E. (2014). Floating treatment wetland influences on the fate and removal 

performance of phosphorus in stormwater retention ponds. Ecological Engineering, 69, 

76–82. https://doi.org/10.1016/j.ecoleng.2014.03.062 

[6] Borne, K. E., Fassman-beck, E. A., Asce, A. M., Winston, R. J., Asce, M., Hunt, W. F., 

Wre, D., Asce, M., & Tanner, C. C. (n.d.). Implementation and Maintenance of 

Floating Treatment Wetlands for Urban Stormwater Management. 1–12. 

https://doi.org/10.1061/(ASCE)EE.1943-7870.0000959. 

[7] Bragato, C., Brix, H., & Malagoli, M. (2006). Accumulation of nutrients and heavy 

metals in Phragmites australis (Cav.) Trin. ex Steudel and Bolboschoenus maritimus 

(L.) Palla in a constructed wetland of the Venice lagoon watershed. Environmental 

Pollution, 144(3), 967–975. https://doi.org/https://doi.org/10.1016/j.envpol.2006.01.046 

[8] Chang, N. Bin, Xuan, Z., Marimon, Z., Islam, K., & Wanielista, M. P. (2013). 

Exploring hydrobiogeochemical processes of floating treatment wetlands in a 

subtropical stormwater wet detention pond. Ecological Engineering, 54, 66–76. 

https://doi.org/10.1016/j.ecoleng.2013.01.019 

[9] Chen, C., Zhang, R., Wang, L., Wu, W., & Chen, Y. (2013). Removal of nitrogen from 

wastewater with perennial ryegrass/artificial aquatic mats biofilm combined system. 

Journal of Environmental Sciences (China), 25(4), 670–676. 

https://doi.org/10.1016/S1001-0742(12)60099-0 

[10] Chen, Z., Cuervo, D. P., Müller, J. A., Wiessner, A., Köser, H., Vymazal, J., Kästner, 

M., & Kuschk, P. (2016). Hydroponic root mats for wastewater treatment—a review. 



International Journal of Aquatic Science  

ISSN: 2008-8019 

Vol 12, Issue 02, 2021 

 

 

1864 
 

Environmental Science and Pollution Research, 23(16), 15911–15928. 

https://doi.org/10.1007/s11356-016-6801-3 

[11] Chen, Z., Reiche, N., Vymazal, J., & Kuschk, P. (2016). Treatment of water 

contaminated by volatile organic compounds in hydroponic root mats. Ecological 

Engineering. https://doi.org/10.1016/j.ecoleng.2016.08.012 

[12] Colares, G. S., Dell’Osbel, N., Wiesel, P. G., Oliveira, G. A., Lemos, P. H. Z., da Silva, 

F. P., Lutterbeck, C. A., Kist, L. T., & Machado, Ê. L. (2020). Floating treatment 

wetlands: A review and bibliometric analysis. Science of the Total Environment, 714, 

136776. https://doi.org/10.1016/j.scitotenv.2020.136776 

[13] De La Mora-Orozco, C., González-Acuña, I. J., Saucedo-Terán, R. A., Flores-López, H. 

E., Rubio-Arias, H. O., & Ochoa-Rivero, J. M. (2018). Removing organic matter and 

nutrients from pig farm wastewater with a constructedwetland system. International 

Journal of Environmental Research and Public Health, 15(5). 

https://doi.org/10.3390/ijerph15051031 

[14] de Stefani, G., Tocchetto, D., Salvato, M., & Borin, M. (2011). Performance of a 

floating treatment wetland for in-stream water amelioration in NE Italy. Hydrobiologia, 

674(1), 157–167. https://doi.org/10.1007/s10750-011-0730-4 

[15] Dodkins-Report. 2018 0n efficiency of FTW. (n.d.). 

[16] Dubey, A. K., & Sahu, O. (2014). Review on natural methods for waste water 

treatment. Journal of Urban and Environmental Engineering, 8(1), 89–97. 

https://doi.org/10.4090/juee.2014.v8n1.089097 

[17] Gao, L., Zhou, W., Huang, J., He, S., Yan, Y., Zhu, W., Wu, S., & Zhang, X. (2017). 

Nitrogen removal by the enhanced floating treatment wetlands from the secondary 

effluent. Bioresource Technology, 234, 243–252. 

https://doi.org/10.1016/j.biortech.2017.03.036 

[18] Ge, Z., Feng, C., Wang, X., & Zhang, J. (2016). Seasonal applicability of three 

vegetation constructed floating treatment wetlands for nutrient removal and harvesting 

strategy in urban stormwater retention ponds. International Biodeterioration and 

Biodegradation, 112, 80–87. https://doi.org/10.1016/j.ibiod.2016.05.007 

[19] Ghosh, D., & Gopal, B. (2010). Effect of hydraulic retention time on the treatment of 

secondary effluent in a subsurface flow constructed wetland. Ecological Engineering, 

36(8), 1044–1051. https://doi.org/10.1016/j.ecoleng.2010.04.017 

[20] Headley, T. R., & Tanner, C. C. (2012). Constructed wetlands with floating emergent 

macrophytes: An innovative stormwater treatment technology. Critical Reviews in 

Environmental Science and Technology, 42(21), 2261–2310. 

https://doi.org/10.1080/10643389.2011.574108 

[21] Huang, X., Zhao, F., Yu, G., Song, C., Geng, Z., & Zhuang, P. (2017). Removal of Cu, 

Zn, Pb, and Cr from Yangtze Estuary Using the Phragmites australis Artificial Floating 

Wetlands. BioMed Research International, 2017. https://doi.org/10.1155/2017/6201048 

[22] Ijaz, A., Shabir, G., Khan, Q. M., & Afzal, M. (2015). Enhanced remediation of sewage 

effluent by endophyte-assisted floating treatment wetlands. Ecological Engineering, 84, 

58–66. https://doi.org/10.1016/j.ecoleng.2015.07.025 

[23] Imboden, D. M. (1974). Phosphorus model of lake eutrophication. Limnology and 

Oceanography, 19(2), 297–304. https://doi.org/10.4319/lo.1974.19.2.0297 

[24] Keizer-Vlek, H. E., Verdonschot, P. F. M., Verdonschot, R. C. M., & Dekkers, D. 

(2014). The contribution of plant uptake to nutrient removal by floating treatment 

wetlands. Ecological Engineering, 73, 684–690. 

https://doi.org/10.1016/j.ecoleng.2014.09.081 



International Journal of Aquatic Science  

ISSN: 2008-8019 

Vol 12, Issue 02, 2021 

 

 

1865 
 

[25] Li, X. N., Song, H. L., Li, W., Lu, X. W., & Nishimura, O. (2010). An integrated 

ecological floating-bed employing plant, freshwater clam and biofilm carrier for 

purification of eutrophic water. Ecological Engineering, 36(4), 382–390. 

https://doi.org/10.1016/j.ecoleng.2009.11.004 

[26] Mukherjee, B., Majumdar, M., Gangopadhyay, A., Chakraborty, S., & Chaterjee, D. 

(2015). Phytoremediation of Parboiled Rice Mill Wastewater Using Water Lettuce 

(Pistia Stratiotes). International Journal of Phytoremediation, 17(7), 651–656. 

https://doi.org/10.1080/15226514.2014.950415 

[27] Nichols, P., Lucke, T., Drapper, D., & Walker, C. (2016). Performance evaluation of a 

floating treatment wetland in an urban catchment. Water (Switzerland), 8(6), 1–8. 

https://doi.org/10.3390/W8060244 

[28] Prajapati, M., van Bruggen, J. J. A., Dalu, T., & Malla, R. (2017). Assessing the 

effectiveness of pollutant removal by macrophytes in a floating wetland for wastewater 

treatment. Applied Water Science, 7(8), 4801–4809. https://doi.org/10.1007/s13201-

017-0625-2 

[29] Rehman, K., Ijaz, A., Arslan, M., & Afzal, M. (2019). Floating treatment wetlands as 

biological buoyant filters for wastewater reclamation. International Journal of 

Phytoremediation, 21(13), 1273–1289. https://doi.org/10.1080/15226514.2019.1633253 

[30] Rezania, S., Taib, S. M., Md Din, M. F., Dahalan, F. A., & Kamyab, H. (2016). 

Comprehensive review on phytotechnology: Heavy metals removal by diverse aquatic 

plants species from wastewater. Journal of Hazardous Materials, 318, 587–599. 

https://doi.org/10.1016/j.jhazmat.2016.07.053 

[31] Saeed, T., Paul, B., Afrin, R., Al-Muyeed, A., & Sun, G. (2016). Floating constructed 

wetland for the treatment of polluted river water: A pilot scale study on seasonal 

variation and shock load. Chemical Engineering Journal, 287. 

https://doi.org/10.1016/j.cej.2015.10.118 

[32] Schwammberger, P., Walker, C., & Lucke, T. (2017). Using floating wetland treatment 

systems to reduce stormwater pollution from urban developments. International 

Journal of GEOMATE, 12(31). https://doi.org/10.21660/2017.31.6532 

[33] Shahid, M. J., Arslan, M., Ali, S., Siddique, M., & Afzal, M. (2018). Floating Wetlands: 

A Sustainable Tool for Wastewater Treatment. Clean - Soil, Air, Water, 46(10). 

https://doi.org/10.1002/clen.201800120 

[34] Shahid, M. J., Arslan, M., Siddique, M., Ali, S., Tahseen, R., & Afzal, M. (2019). 

Potentialities of floating wetlands for the treatment of polluted water of river Ravi, 

Pakistan. Ecological Engineering, 133. https://doi.org/10.1016/j.ecoleng.2019.04.022 

[35] Sirage Ali, A., PN, P. L., & Bruggen JJA, H. Van. (2017). Purifying Municipal 

Wastewater Using Floating Treatment Wetlands: Free Floating and Emergent 

Macrophytes. Advances in Recycling & Waste Management, 02(03). 

https://doi.org/10.4172/2475-7675.1000138 

[36] Stewart, F. M., Mulholland, T., Cunningham, A. B., Kania, B. G., & Osterlund, M. T. 

(2008). Floating islands as an alternative to constructed wetlands for treatment of excess 

nutrients from agricultural and municipal wastes - Results of laboratory-scale tests. 

Land Contamination and Reclamation, 16(1), 25–33. 

https://doi.org/10.2462/09670513.874 

[37] Stottmeister, U., Wießner, A., Kuschk, P., Kappelmeyer, U., Kästner, M., Bederski, O., 

Müller, R. A., & Moormann, H. (2003). Effects of plants and microorganisms in 

constructed wetlands for wastewater treatment. Biotechnology Advances, 22(1–2), 93–

117. https://doi.org/10.1016/j.biotechadv.2003.08.010 



International Journal of Aquatic Science  

ISSN: 2008-8019 

Vol 12, Issue 02, 2021 

 

 

1866 
 

[38] Tanner, C. C. (1996). Plants for constructed wetland treatment systems - A comparison 

of the growth and nutrient uptake of eight emergent species. Ecological Engineering, 

7(1), 59–83. https://doi.org/10.1016/0925-8574(95)00066-6 

[39] Tanner, C. C., Sukias, J. P. S., Park, J., Yates, C., & Headley, T. (2011). Floating 

treatment wetlands: a new tool for nutrient management in lakes and waterways. Adding 

to the Knowledge Base for the Nutrient Manager, Figure 1, 12. 

http://flrc.massey.ac.nz/publications.html 

[40] Tara, N., Arslan, M., Hussain, Z., Iqbal, M., Mahmood, Q., & Afzal, M. (2019). On-site 

performance of fl oating treatment wetland macrocosms augmented with dye-degrading 

bacteria for the remediation of textile industry wastewater. Journal of Cleaner 

Production, 217, 541–548. https://doi.org/10.1016/j.jclepro.2019.01.258 

[41] Toet, S., Van Logtestijn, R. S. P., Kampf, R., Schreijer, M., & Verhoeven, J. T. A. 

(2005). The effect of hydraulic retention time on the removal of pollutants from sewage 

treatment plant effluent in a surface-flow wetland system. Wetlands, 25(2), 375–391. 

https://doi.org/10.1672/13 

[42] Van De Moortel, A. M. K., Meers, E., De Pauw, N., & Tack, F. M. G. (2010). Effects 

of vegetation, season and temperature on the removal of pollutants in experimental 

floating treatment wetlands. Water, Air, and Soil Pollution, 212(1–4), 281–297. 

https://doi.org/10.1007/s11270-010-0342-z 

[43] Vymazal, J. (2008). The use constructed wetlands with horizontal sub-surface flow for 

various types of wastewater. 5, 1–17. https://doi.org/10.1016/j.ecoleng.2008.08.016 

[44] Vymazal, Jan, & Kröpfelová, L. (2009). Removal of organics in constructed wetlands 

with horizontal sub-surface flow: A review of the field experience. Science of the Total 

Environment, 407(13), 3911–3922. https://doi.org/10.1016/j.scitotenv.2008.08.032 

[45] Wang, C. Y., & Sample, D. J. (2014). Assessment of the nutrient removal effectiveness 

of floating treatment wetlands applied to urban retention ponds. Journal of 

Environmental Management, 137, 23–35. 

https://doi.org/10.1016/j.jenvman.2014.02.008 

[46] Wang, C. Y., Sample, D. J., & Bell, C. (2014). Vegetation effects on floating treatment 

wetland nutrient removal and harvesting strategies in urban stormwater ponds. Science 

of the Total Environment, 499(1), 384–393. 

https://doi.org/10.1016/j.scitotenv.2014.08.063 

[47] Wei, F., Shahid, M. J., Alnusairi, G. S. H., Afzal, M., Khan, A., El-Esawi, M. A., 

Abbas, Z., Wei, K., Zaheer, I. E., Rizwan, M., & Ali, S. (2020). Implementation of 

floating treatment wetlands for textile wastewater management: A review. Applied 

Sciences (Switzerland), 12(14), 1–35. https://doi.org/10.3390/su12145801 

[48] Yao, F., Shen, G. X., Li, X. L., Li, H. Z., Hu, H., & Ni, W. Z. (2011). A comparative 

study on the potential of oxygen release by roots of selected wetland plants. Physics and 

Chemistry of the Earth, 36(9–11), 475–478. https://doi.org/10.1016/j.pce.2010.11.001 

[49] Zhang, L., Zhao, J., Cui, N., Dai, Y., Kong, L., Wu, J., & Cheng, S. (2016). Enhancing 

the water purification efficiency of a floating treatment wetland using a biofilm carrier. 

Environmental Science and Pollution Research, 23(8), 7437–7443. 

https://doi.org/10.1007/s11356-015-5873-9 

[50]  S. Hoeger, Schwimmkampen Germany's artificial floating islands, J. Soil Water 

Conserv. 1988,         43 (4), 304-306 

 

[51] Kadlec, R.H. and Wallace, S. (2008) Treatment Wetlands. CRC Press, Florida. 

http://dx.doi.org/10.1201/9781420012514 



International Journal of Aquatic Science  

ISSN: 2008-8019 

Vol 12, Issue 02, 2021 

 

 

1867 
 

[52] Van Duzer CA. 2004. Floating Islands. A global bibliography with an edition and 

translation of      GC Munz’s Exercitatio Academica de Insulis Natantibus (1711). New 

York (NY): Cantor Press       

[53] https://timesofindia.indiatimes.com/city/delhi/delhi-governments-water-body-revival-

project-brings-dead-pond-alive/articleshow/67280813.cms 

[54] https://www.thehindu.com/news/cities/Hyderabad/floating-island-to-clean-up-

neknampur-lake/article22644879.ece 

 

https://timesofindia.indiatimes.com/city/delhi/delhi-governments-water-body-revival-project-brings-dead-pond-alive/articleshow/67280813.cms
https://timesofindia.indiatimes.com/city/delhi/delhi-governments-water-body-revival-project-brings-dead-pond-alive/articleshow/67280813.cms
https://www.thehindu.com/news/cities/Hyderabad/floating-island-to-clean-up-neknampur-lake/article22644879.ece
https://www.thehindu.com/news/cities/Hyderabad/floating-island-to-clean-up-neknampur-lake/article22644879.ece

