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Development and Application of Multi-Functional Floating
Wetland Island for Improving Water Quality
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ABSTRACT: Multi-functional floating wetland island (mFWI) was developed in order to prevent algal bloom and to improve
water quality through several unit purification processes. A test bed was applied in the stagnant watershed in an urban area,
from the summer to the winter season. For the advanced treatment, an artificial phosphorus adsorption/filtration medium
was applied with micro-bubble generation, as well as water plants for nutrient removal. It appeared that the efficiency of
chemical oxygen demand (COD) and total phosphorus (T-P) removal was higher in the warmer season (40.9%, 45.7%) than in
the winter (15.9%, 20.0%), and the removal performance (suspended solid, chlorophyll a) in each process differs according to
seasonal variation; micro-bubble performed better (33.1%, 39.2%) in the summer, and the P adsorption/filtration and water
plants performed better (76.5%, 59.5%) in the winter season. From the results, it was understood that the mFWI performance
was dependent upon the pollutant loads in different seasons and unit processes, and thus it requires continuous monitoring
under various conditions to evaluate the functions. In addition, micro-bubbles helped prevent the formation of anaerobic
zones in the lower part of the floating wetland. This resulted in the water circulation to form a new healthy aquatic ecosystem
in the surrounding environment, which confirmed the positive influence of mFWI.

KEYWORDS: Atrtificial filtration/adsorption media, Microbubble, Multi-functional floating wetland island, Stagnant watershed,
Vegetative filter
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Table 1. The chemical components and physical properties
of red mud (ADPhos™ pellet), which was used as the
artificial media for pollutants removal through adsorption
and filtration.

Chemicals or property Content or value
Na20 (%) 1.1
AlLOs3 (%) 19.9
SiO, (%) 26.3
Cl (%) 14.7
K20 (%) 1.2
CaO (%) 13.1
TiO2 (%) 3.0
Fex05 (%) 18.5
MgO, SOs, ZrO,, P.Os etc. Small quantity
Specific surface area (m2/g) 297
Specific gravity (g/cm’) 1.75
Water absorption (%) 7.8
Compression strength (N) 23.2

Fig. 1. The location of the experimental group (EG), control
group 1 (CG1) and control group 2 (CG2) to survey the
environmental improvement through the application of a
multi-functional floating wetland island.
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Fig. 2. The operation design (a, the side view; b, the ground view) of each unit of a multi-functional floating wetland
island (mFWI). The arrows in operation design show the water flow in this system (c, the whole flame; d, the operating

demonstration of mFWI).
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Table 2. The average water quality of the demonstrated site in the summer and winter seasons (values in parenthesis
indicate the range) (COD, chemical oxygen demand; SS, suspended solid; T-N, total nitrogen; T-P, total phosphorus;

Chl-a, chlorophyll-a).

Season COD (mg/L) SS (mg/L) T-N (mg/L) T-P (mg/L) Chl-a (pg/L)
Winter 10.8 5.1 6.6 0.06 20.7
(Oct. - Dec. 2015) (7.5-15.1) (0.05-20.0) (2.0-17.7) (0.004-0.13) (3.8-77.1)
Summer 27.0 16.5 6.4 0.18 82.3
(June - Aug. 2016) (9.4-42.2) (5.0-37.0) (2.5-14.8) (0.045-0.34) (13.1-186.0)
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Table 3. The treated water quality and removal efficiency by microbubbles (MB) and adsorption media and vegetative
filter (AV) part in a multi-function floating wetland island in the summer and winter seasons (COD, chemical oxygen
demand; SS, suspended solid; T-P, total phosphorus; Chl-a, chlorophyll-a).

Winter (Oct. - Dec. 2015) Summer (June - Aug. 2016)
Property Effluent (mg/L) Removal efficiency (%) Effluent (mg/L) Removal efficiency (%)
MB AV MB AV MB AV MB AV
COD 10.1 9.1 6.4 10.2 19.9 16.0 23.6 18.9
SS 18.0 1.6 0.3 76.5 9.1 3.5 33.1 58.5
T-P 0.07 0.04 20.8 34.2 0.14 0.10 18.6 253
Chl-a 19.9 8.1 3.9 59.5 39.7 30.2 39.2 28.3
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Table 4. The final treated water quality and removal efficiency by a multi-function floating wetland island in the summer
and the winter seasons (COD, chemical oxygen demand; SS, suspended solid; T-P, total phosphorus; Chl-a,

chlorophyll-a).

COD SS T-P Chl-a
Season Effluent RETTE Effluent AT Effluent REmEEL Effluent R
efficiency efficiency efficiency efficiency
(mg/L) (%) (mg/L) (%) (mg/L) (%) (hglL) (%)
Winter
(Oct. - Dec. 2015) 9.1 15.9 1.6 68.6 0.04 20.0 8.1 61.1
Summer
(June - Aug. 2016) 16.0 40.9 35 78.6 0.10 45.7 30.2 63.2
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Fig. 3. The treated water quality trends by the multi-functional wetland island conducted in the winter season (a, chemical
oxygen demand (COD); b, suspended solid (SS); c, total phosphorus (T-P); d, chlorophyll-a (Chl-a)).
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Fig. 4. The treated water quality trends by the multi-functional wetland island conducted in the summer season (a, chemical
oxygen demand (COD); b, suspended solid (SS); c, total phosphorus (T-P); d, chlorophyll-a (Chl-a)).
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