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ABSTRACT 

Natural systems of wastewater treatment are regarded as sustainable ecotechnologies specially for 
the developing countries. In this study performance of a natural treatment system, namely,  duckweed 
(S. Polyrrhiza) based waste stabilization pond system for domestic wastewater treatment was 
investigated. The domestic wastewater was collected from an outlet of a residential building at 
Dhamondi area in Dhaka city, Bangladesh. The domestic wastewater was poured in a small-scale 
glass reactor that was subjected to atmospheric conditions with 5 days Hydraulic Retention Time 
(HRT). Once in a week 20 liters raw domestic wastewater was used as influent; the experiment was 
carried out for 8 consecutive weeks. Total 16 samples (08 for influent and 08 for effluent) were 
collected and analyzed to evaluate pollutant removal performances accross the experimental system. 
In domestic wastewater the average concentrations of PH , DO, TDS, TSS, COD, PO4-P, NO3-N, NO2-
N and NH3-N were found to be 7.4, 1.7 mg/L, 443.3 mg/L, 170.0 mg/L, 257.0 mg/L, 26.6 mg/L, 1.0 
mg/L, 26.3 mg/L and 23.6 mg/L respectively. Whereas, in effluent the average concentrations of such 
parameters were found 8.34, 6.60 mg/L, 367.75 mg/L, 29.13 mg/L, 49.26 mg/L, 6.14 mg/L, 1.75 mg/L, 
5.61 mg/L and 13.65 mg/L respectively.  Consequently, the system achieved 17%, 82.9%, 80.8%, 
76.9% and 42.0% removal efficiencies of TDS, TSS, COD, PO4-P, and NH3-N respectively. These 
results indicate that duckweed based wastewater stabilization pond system might be successfully 
employed for treating domestic wastewater in developing countries as a decentralized treatment unit.  

 
Keywords: Duckweed, waste stabilization pond, domestic wastewater, ecotechnology, developing 
countries 

1. INTRODUCTION 

Besides to ensure safe water supply, the concept of wastewater treatment has also been 
widely recognised as an important issue in recent days due to global water shortage, even in 
developing countries (Ujang and Buckley, 2002; Verstraete et al., 2009).  
 
Generally, the advanced wastewater treatment technologies have been designed and 
proposed so that the treated effluent can meet the highly restrictive guidelines for disposal 
and/or reuse. However, these technologies are still limited to developed countries only. 
Advanced treatment technologies have not expanded to developing countries due to the 
high cost, energy requirements, difficulties of installation, operation and maintenance as well 
as large solids or sludge production (Mara, 2004). In addition, the guidelines of 
environmental protection are being stringent in developing countries day by day in recent 
time. To overcome these challenges, interest in natural systems for wastewater treatment is 
increasing day by day not only for wastewater treatment but also for conserving biological 
communities in developing countries (Kocaman et al., 2007). 
 
Literature stated that natural systems for effective wastewater treatment are available in 
three major categories: aquatic pond (e.g., algae based waste stabilization pond, duckweed 
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based waste stabilization pond, hyacinth pond) terrestrial (e.g., soil aquifer treatment, 
overland flow), and wetland (e.g., natural marshes, free water surface constructed wetland, 
subsurface flow wetland) (Crites et al., 2006). The major natural processes occurring in 
natural systems during wastewater treatment include sedimentation (settling of solids), plant 
uptake, bacterial degradation, and chemical adsorption (fixation). 
 
The natural system of wastewater treatment using aquatic macrophytes such as duckweed 
has already gain attention and has been widely discussed in literature for nearly 40 years 
(Culley and Epps, 1973; Hillman and Culley, 1978; Oron et al., 1984; Landolt and Kandeler, 
1987; Alaerts et al., 1996; Leng, 1999; Smith and Moelyowati, 2001; Nhapi et al., 2003; 
Willett, 2005; Ozengin and Elmaci, 2007; Xu and Shen, 2011; Verma and Suthar 2014; 
Allam et al., 2015; Gaur and Suthar, 2017). Duckweeds are green, small-sized (1-3 mm), 
fast-growth, free floating aquatic macro-phytes having short but dense roots (1-3 cm) that 
belongs to Lemnaceae family (which is derived from the Greek word ‘Limne’, meaning pond) 
(Cheng et al., 2002; Cheng and Stomp, 2009; Ozengin and Elmaci 2007). The Lemnaceae 
family consist of five genera, Lemna, Landoltia, Spirodela, Wolffia and Wolffiella, among 
which about 40 species have been identified wide-reaching (Les et al., 2002; Willett, 2005).   
Duckweed is well known for its high productivity and high protein content in temperate 
climates and easy handling, harvesting and processing (Oron et al., 1984; Oron et al., 1986; 
Hammouda et al., 1995). Duckweed fronds grow in colonies that, in particular growing 
conditions, form a dense and uniform surface mat having low fibre content and reduces 
mosquito development (Altay et al., 1996). Duckweed is applied on the surface of 
stabilization ponds, and as it has great ability to reduce the BOD, COD, suspended solids, 
bacterial and other pathogens from wastewater.  
 
One of the major problems with conventional wastewater treatment methods is that none of 
the available technologies has a direct economic return. Therefore, with no economic return, 
local authorities are generally not interested in taking up treatment of wastewater in 
developing countries, thereby causing severe health hazards and environmental pollution 
(Von Sparling, 1996; Mahmood et al., 2013). In contrast duckweed-based waste stabilization 
pond system for wastewater treatment showed its potential for its nutrient value and direct 
economic returns from pisciculture. The objective of this study is to evaluate the pollutant 
removal performance of a duckweed based waste stabilization pond system while treating 
domestic wastewater.  

2. METHODOLOGYV 

2.1 Duckweed collection and culture 

The duckweed (Spairodela polyrhiza) used in this study was collected from a ditch near 
Dhanmondi lake, Dhaka. The collected duckweed then cultured in a separate reactor with 
atmospheric condition using same domestic wastewater that was subjected to treat. During 
the experiment the cultured duckweed was used periodically.  

2.2 Domestic wastewater collection 

Domestic wastewater was collected from an outlet (just before fall onto adjacent municipal 
drain) of a six-storied residential building in Dhanmondi R/A, Dhaka. Figure 1 shows the 
photograph of sampling point. Once in a week 20 litre wastewater was collected for the 
experiment and for analyse its characteristics’ as well.  

2.3 Experimental Setup and operational conditions 

In this study a small-scale glass made tank was used as reactor which was placed at the 
roof-top of University of Asia Pacific, Dhaka to maintain atmospheric condition. The 
experiment was conducted during November 2016 to February 2017. Figure 1 shows the 
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schematic view of experimental set up. The size of the reactor was 45 cm x 33 cm x 24 cm. 
Therefore, the surface area is 1485 cm2. Duckweed-covered wastewater has depth of 15 
cm. Once in a week 20 litre domestic wastewater was poured into the reactor. Effluents were 
taken once after 5 days (at 1:20 pm-1:35 pm). The experiment was repeated for eight 
consecutive weeks. Loss of water by evaporation and evapotranspiration from the reactor 
during the experiment was neglected.  
 
The experiment commenced with a duckweed density of 0.07 g/cm2 (wet weight) duckweed. 
Everyday duckweed was grown up and every week the duckweeds were eliminating to keep 
initial density constant. The reactor was washed before pouring initial wastewater every time. 
Figure 3 represents the diagram of the experiment. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 : Outlet from where domestic wastewater was collected (red circle). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Sketch diagram of the reactor. 
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Figure 3: Diagram of the experiment. 
 

2.4 Analytical methods 

The collected samples (08 samples of raw domestic wastewater as influent and 08 samples 
of treated wastewater as effluent) were analysed using standard methods at Environmental 
and Chemistry Laboratory, University of Asia Pacific, Dhaka.  
 
The samples were tested for total 10 parameters:  pH, DO, Temperature, COD, PO4-P, NO2-
N, NO3-N, NH3-N, TSS, TDS. All the samples were taken between 1:00 to 1:30 pm and 
analysed immediately. The pH and dissolved oxygen (DO) were measured using pH metre 
(HORIBA F-21) and DO metre (HACH HQ30d), respectively. HITACHI U-2800 
spectrophotometer was used for COD, PO4-P, NO2-N, NO3-N, NH3-N, TSS, TDS 
measurement following standard methods. All tests were carried out with appropriate 
reagents and blanks.  

3. RESULTS AND DISCUSSION 

3.1 Characteristics of domestic wastewater 

Table 1 shows the concentrations of different parameters of domestic wastewater that 
represents it characteristics. Based on literature it could be characterized as medium 
strength domestic wastewater (Metcalf and Eddy, 1991; Muttamara, 1996).  

3.2 pH, DO and temperature 

Figure 4 shows pH and DO concentrations and temperature in influent and effluent. pH value 
was found high after the treatment: average value in influent was 7.4 whereas in effluent it 
was 8.34. The maximum 30.7% increase in pH was found during this experiment (sample 4 
in figure 4) and the increase in pH value in duckweed based system is already reported (Bal 
Krishna and Polprasert, 2008; Ozengin and Elmaci, 2007; Selvarani et al., 2015). The 
reasons of pH increase might be due to the photosynthetic activity in the reactor that utilized 
CO2 and produced less amount of carbonic acid (Selvarani et al., 2015).  
 
DO concentrations were found four times higher in effluent (6.60 mg/L) and maximum 587% 
increase in DO level was observed (sample 4 in figure 4). The increase in DO level during 
duckweed based treatment system also matched with literature and the reason might be the 
production of gaseous oxygen due to photosynthetic activity (EL-Kheir et al., 2007). 
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Temperature was dependent on the local atmospheric condition as the experiment was 
conducted at roof-top area. In effluent it was found higher around 1ᵒC than influent as the 
reactor was made of glass which might absorb the heat. Literature shows that duckweed will 
decrease while temperature below 17 ᵒC or above 34-35 ᵒC (Smith and Maolyawat, 1998; 
Azeez and Sabbar, 2012). In this experiment, both cases (influent and effluent) the 
temperature was within 17.1 ᵒC to 25 ᵒC (figure 4) which was within the tolerable limit for 
Lemnaceae family (Culley et al., 1981) and was suitable for the experiment.  
 
 

Table 1: Characteristics of domestic wastewater  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3 Organic removal 

Maximum rate of COD removal was found 94.2% (sample 7 in figure 5) with an average 
removal rate of 80.8% in this system. Figure 5 shows the COD concentration in influent and 
effluent. Literature reported that significant enhancement of COD removal in duckweed 
treatment system and the removal rate was within the range of 70% to 80% (Korner et al., 
2003; Pandey, 2001) or 50% to 95% (Alaerts al., 1996; Boniard et al., 1994; Oron et al., 
1987), The result of organic removal indicated that duckweed provided additional surfaces 
for bacterial growth, additional oxygen supply and 5 days HRT period was sufficient to 
biodegrade the organic content.  

3.4 Nutrient removal 

Figure 6 shows the concentrations of N and P in influent and effluent. Ammonia-nitrogen 
was reduced maximum of 76% with an average value of 59% except sample no. 6 (figure 6) 
where the effluent concentration was found higher than influent. NO3-N reduction was 
observed in most samples. Average 76.9% removal of phosphorus was observed during this 
experiment though literature stated that lemnacae family are generally able to absorb 30-
50% dissolved phosphorus (Goopy and Murray, 2003). Therefore, the reason of higher 
absorption of nutrient by duckweed in this study might be the HRT value of 5 days.  
 
The mechanism of nutrient (N and P) removal might be plant uptake by the attached biofilm 
on duckweed and the walls of the reactor, absorption into clay particles and organic matter, 
ammonia volatilization, ammonia assimilation into algal biomass, and biological nitrification 
coupled with denitrification, microbial immobilization into detritus plant tissue, chemical 
precipitation and sludge removal (Fanta et al. 2016; Iqbal, 1999; Smith & Moelyowati, 2001; 
Zimmo et al. 2005).  

Parameters 
Concentrations 

Minimum Maximum Mean ± SD 

pH 7.12 7.61 7.4 ± 0.2 

DO (mg/L) 0.54 4.55 1.7 ± 1.2 

Temp (ᵒC) 17.1 24.5 21.7 ± 2.3 

TDS (mg/L) 332 500 443.3 ± 51.8 

TSS (mg/L) 64 272 170.0 ± 89.8 

COD (mg/L) 105 434 257.0 ± 91.2 

PO4-P (mg/L) 19 35 26.6± 5.0 

NO3-N (mg/L) 0.2 2.4 1.0 ± 0.6 

NO2-N (mg/L) 9 76 26.3 ± 26.5 

NH3-N (mg/L) 15.5 32.4 23.6 ± 5.4 
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Figure 4: pH, DO and Temperature in influents and effluents. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 5: COD concentration in influents and effluents. 
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Figure 6: Nitrogen and Phosphorus concentrations in influents and effluents. 
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3.5 Solids removal 

Figure 7 shows the concentrations of Total suspended solids (TSS) and Total dissolved 
solids (TDS) in influent and effluent. The maximum removal of TSS in this experiment was 
found 93.8% (sample 3 in figure 7) with an average value of 82.9%. TSS are mainly reduced 
by: (1) the process of sedimentation; (2) biodegradation of organic matters; (3) absorption of 
a minor fraction by duckweed roots and (4) inhibition of algal growth due to covering of 
surface by duckweed mat (Iqbal, 1999). TDS was removed maximum 40.9% (sample 1 in 
figure 7) with an average removal rate of 17% in this experiment. 

 

 

 

 

 

 

 

 
 
 
 

 

 
 
 
 
 

Figure 7: Solids concentration in influents and effluents. 

3.6 Fate of used duckweed 

Although the fate of duckweed that used in such treatment systems is crucial as it may 
create further hazards for environment, but in literature several ways of dispose as well as 
reuse of the duckweed has been stated such as: animal fodder, green fertilizer, source of 
protein for poultry/fish feeds etc. (Bonomo et al., 1997; Moss, 1999). During this lab-scale 
study the used duckweed was disposed normally in environment but for pilot scale or full-
scale systems the literature stated disposal or reuse processes could be followed.  

4. CONCLUSIONS 

The present study demonstrated the performance of duckweed based treatment system in 
removing pollutant from domestic wastewater. In domestic wastewater the average 
concentrations of pH, DO, TDS, TSS, COD, PO4-P, NO3-N, NO2-N and NH3-N were found to 
be 7.4, 1.7 mg/L, 443.3 mg/L, 170.0 mg/L, 257.0 mg/L, 26.6 mg/L, 1.0 mg/L, 26.3 mg/L and 
23.6 mg/L respectively. Whereas, in effluent the average concentrations of such parameters 
were found 8.34, 6.60 mg/L, 367.75 mg/L, 29.13 mg/L, 49.26 mg/L, 6.14 mg/L, 1.75 mg/L, 
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5.61 mg/L and 13.65 mg/L respectively. Consequently, the system achieved 17%, 82.9%, 
80.8%, 76.9% and 42.0% removal efficiencies of TDS, TSS, COD, PO4-P, and NH3-N 
respectively. These results indicate that duckweed based waste stabilization pond system 
might be cost-effective, energy efficient and environmentally sound technology to treat 
domestic wastewater in developing countries as decentralized treatment unit.  
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