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Abstract 

Urbanization in underdeveloped nations like Bangladesh, where the unplanned expansion of wet markets leads to 

environmental and public health issues. Animal bodily fluids, blood, and microbiological infections are found in 

wastewater from slaughterhouses, poultry, and fish markets. This polluted water may harm water bodies and 

people's health. This study aimed to (a) build a vertical constructed wetland (VCW) system on a small scale in a 

lab to treat market wastewater and (b) test the potential application of the VCW system in markets all across Khulna 

city. Samples of wastewater from the Gollamari poultry market in Khulna were collected and analyzed for 

Biochemical Oxygen Demand, Chemical Oxygen Demand, Total Suspended Solids, Nitrate, Phosphate, pH, 

temperature, Total Coliform, and Fecal Coliform. A pilot-scale VCW system was made and tested in two ways: 

one unplanted and one with Kolaboti (Canna indica). TSS, BOD₅, and COD in the raw market wastewater were 

540 mg/L, 34 mg/L, and 707.44 mg/L, respectively. The unplanted VCW system reduced them to 230 mg/L, 31.5 

mg/L, and 109.52 mg/L. The planted system achieved better outcomes of 120 mg/L, 22.5 mg/L, and 94.87 mg/L, 

respectively. These results show that vegetated VCW systems are more effective in treating market wastewater. 
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1. Introduction 

Bangladesh is crisscrossed by abundant water resources, dominantly rivers and groundwater aquifers. The river 

systems are changed seasonally by flooding during the monsoon and drying during dry periods (Mirza, 2002). But 

all these resources of water are not fully free from pollution. It faces major water pollution due to rapid 

urbanization, agricultural advancements, and improper wastewater treatment. Wastewater refers to a type of water 

that has been adversely affected by the influence of natural or anthropogenic origin, containing organic, inorganic, 

or microbial contaminants. Untreated domestic sewage and municipal solid waste (MSW) make severe 

contributions to urban water pollution. In Bangladesh, only a few parts of domestic wastewater are treated, and 

most of it remains untreated and is then discharged into open drains and rivers. In urban city centers like Dhaka 

and Khulna, market wastewater, including effluents from poultry, fish, and meat markets, incorporates high organic 

nutrients and microbial load into water bodies (Asaduzzaman et al., 2016).  

Globally, in both developed and developing contexts, the wastewater generated from markets dealing with 

livestock and poultry is being discharged without or with small initial treatment. The market wastewater contains 

a higher amount of organic matter, nutrients, suspended solids, and pathogens. In developing countries like 

Bangladesh, untreated market wastewater effluents are directly discharged into nearby drains or water bodies. Due 

to this, many environmental and public health hazards cause serious damage to a greater extent. Therefore, these 

effluents are required to be treated before being discharged into nearby outlets. Also, the method of treatment needs 

to be economical, environmentally friendly, and sustainable, which will minimize the adverse impact on health 

and ecology. A constructed wetland is an engineered process that combines low-cost, eco-friendly, and sustainable 

methods to treat wastewater before it exits through outlets. It can simulate the treatment process along with 

vegetation, soil, and microbial activity to ensure the reduction of contaminants in wastewater within a structured 

and regulated system (Maltby & Barker, n.d.). According to the US Environmental Protection Agency (EPA, 

2000), a constructed wetland is an artificial system for treating wastewater, made up of a low-depth water basin 

and planted with wetland vegetation along with natural plants, soils, and microbial agents, for improving the water 

quality. Constructed wetlands are broadly classified by water flow direction and macrophyte type. Free water 

surface (FWS) systems flow over a shallow basin along with aquatic plants and treat the wastewater through 

sedimentation, microbial degradation, and sunlight exposure (Kadlec, 2009). Again, Subsurface-type constructed 

wetlands flow through a porous medium (gravel, sand), under the surface, avoiding direct contact, and are classified 
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into two types, e.g., Horizontal Subsurface Flow and Vertical Subsurface Flow. The current study is based on a 

vertical flow constructed wetland, which is designed to treat the wastewater effluent coming from a poultry market, 

situated in Khulna, Bangladesh, the third largest city in the country.  

In a Vertical Flow Constructed Wetland, wastewater is intermittently loaded on the top surface and then percolates 

vertically through the filter media (made up of different sizes of aggregates). This provides good nutrients, higher 

removal of BOD, COD, and NH4
+ (Pillai & Nair, 2021). A study done by M. Sandoval Herazo evaluates the 

performance of vertical partially saturated constructed wetlands for sewage treatment. The study used six 

experimental HC-VPS units, filled with red tezontle and fed with 1:1 diluted swine wastewater, intermittent feeding 

with 4L of water every 4 hours. It was found that HC-VPS improved the removal of contaminants in COD (5%), 

SST (20%), N-NH4 (25%), NTK (32%), and total CF (20%) compared to traditional systems. The study lacked 

previous reports for treating the wastewater with high nitrogen and organic matter content, and required more 

improvement in operational parameters and species selection, as no significant differences were found in 

contaminant removal between the different species used(Sandoval-Herazo et al., 2020). Another study evaluated 

the various performance enhancement techniques in vertically constructed wetlands for domestic wastewater 

treatment, finding that a Cyclic Batch Subsurface Wetland achieves the best overall removal of pollutants. The 

study showed, chemically enhanced settlement effectively removes phosphorus but not nitrogen, and pre-aeration 

slightly increases ammonia removal and shows better performance in anti-clogging. Though it decreased the 

capacity of N-adsorption media with respect to time (Almuktar et al., 2018). There were also several studies done 

to check the performance evaluation between the Vertical flow constructed wetlands and the horizontal subsurface 

flow constructed wetlands. It is found by (Thalla et al., 2019)Vertical flow constructed wetlands showed better 

overall performance than horizontal subsurface flow constructed wetlands for treating secondary effluents. The 

results revealed that average removal efficiencies were 83% and 90% of BOD and PO₄-P, respectively, by VFCW 

rather than 83% and 90% by HSSF-CW. This paper also established that VFCWs can be applied as a viable option 

for tertiary treatment of domestic wastewater because of their affordability and low maintenance. It was a rather 

complicated and challenging procedure that required appropriate regional-specific design and principles (Thalla et 

al., 2019). 

To treat poultry and aquaculture wastewater using a sub-surface constructed wetland planted with Phragmites 

karka and Typha latifolia, significant removal efficiencies were observed for all tested parameters and 

demonstrating the potential of VSFCW for effective treatment of PAW, promoting sustainability and ecological 

balance (Akadiri et al., 2024). The present study uses Canna indica to treat poultry-based market wastewater on a 

pilot scale. Previously, a study showed, Canna Indica has high removal efficiencies for COD (87%), BOD5 (91%), 

and Nutrient removal efficiencies are high for total N2 (97%) and total phosphorus (98%) in domestic wastewater 

treatment. The system also effectively removes sulfates with an efficiency of 78.4% (Pinninti et al., 2022). But 

Canna indica has limited behavior in heavy metal removal or less use in industrial wastewater treatment. A study 

found that the overall mean removal of heavy metals was significantly higher in vegetated CWs than in control 

(Ghezali et al., 2022). Also, to treat dairy farm wastewater, Canna indica has been used to focus on 

phytoremediation. A study showed the removal rates for pollutants varied: TSS (64.2–74.5%), BOD (45.3–63.1%), 

NH4-N (29.6–56.5%), PO4-P (20.5–57.8%) at different hydraulic retention times (Minakshi et al., 2021). However, 

all the previous studies lack some key points, as those studies did not conduct any of the experiments to establish 

a vertical constructed wetland along with Canna indica as the medium in treating the poultry-based market 

wastewater. Therefore, the research undertaken here is to design a lab-scale vertical constructed wetland (CW) for 

market wastewater treatment, to evaluate the effectiveness of Canna indica in CW, and to investigate the overall 

treatment efficiency of vertical CW for Khulna city markets.  

 

2. Methodology 

 

2.1 Study Area 

The study focuses on one of the major raw markets in Khulna City: Gollamari Bazar, which not only serves various 

retail and wholesale markets but also generates substantial amounts of wastewater, which is directly discharged 

into the Mayur River without proper treatment (Figure 1). This market resides very close to the river at a vital 

junction where the river is already burdened by urban runoff and domestic sewage and wastewater coming from a 

wide array of market sections, including fish, red meat, chicken, vegetable, grocery, mixed, and roadside vendors, 

contributing to the decline in water quality. This study provides insight into the present situation of poultry market 

waste management in Gollamari Bazar. 
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Figure 1: Study Area Extracted from Google Earth (The Gollamari Bazar Effluents are Getting Mixed with the 

Mayur River) 

 

2.2 Materials 

Wetland vegetation and natural filter media were combined to create the experimental vertical constructed wetland 

(VCW) system. To keep costs down and guarantee the system’s long-term viability, locally accessible materials 

were chosen. 

 

Filter Media: To enhance the vertical flow and remove pollutants, two layers of coarse aggregates were the main 

substrate. The middle layer was composed of aggregates with a range between 4.75 and 19 mm, whereas the bottom 

layer would be composed of coarse aggregates with a range of 19 to 37.5 mm. On top of these aggregate layers, a 

fine layer of Sylhet sand was administered to act as a filtration medium to remove suspended solids and to allow 

microbial growth and root penetration. All the filter media were rinsed thoroughly to remove the dust and other 

contaminants before placement. 

 

Vegetation: Canna indica was chosen as the macrophyte as a result of the efficacy it displayed in wastewater 

treatment systems. The species is also well-known for its high nutrient uptake capacity, rapid growth rate, aesthetic 

value, and resilience to variations in poor water quality. Before transplantation into the wetland bed, healthy Canna 

indica saplings were retrieved locally at a nursery and left to acclimatize for one week in clean water. This 

procedure was done to ensure that the root mass was equally absorbed within the system, resulting in equal spacing 

among the plants. 

 

2.3 Experimental Setup:  

The experimental setup for this study consists of two vertical constructed wetlands: one planted with Canna indica 

and the other left unplanted. The setup shown in Figure 2 was intended to compare the treatment outcomes of 

planted and unplanted filters. Local watertight containers measuring 12 inches in height and 10 inches in diameter 

with a freeboard of 2 inches and an effective media depth of roughly 10 inches were used to construct both units. 
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Figure 2: Lab-based setup of Vertical Constructed 

Wetlands 

 

Figure 3: Cross-sectional view of VCW and its   

different layers 

 

To ensure consistency, the same stratified media arrangement was packed into each unit (Figure 3). 

 

1. Bottom layer:19 to 37.5 mm aggregate (2 inches thick) 

2. Middle layer:4.57 to 19 mm aggregate (2 inches thick) 

3. Top layer: Sylhet sand with a fineness modulus value of 2.5 (6 inches thick) 

4. Planted filter unit was vegetated with Canna indica, which were transplanted into the sand layer with uniform 

spacing to ensure effective root zone development. 

5. The other unit was kept unplanted and served as a control filter to assess the contribution of vegetation in 

pollutant removal. The substrate layers were identical to the planted filter, ensuring that any differences in 

performance could be attributed primarily to the presence of plants. 

6. Inlet system: A 10-liter plastic bucket was used as a reservoir and placed above the filter units to guarantee even 

distribution of influent wastewater. The bucket’s base was attached to a flexible inlet pipe that had a gate valve 

installed to prevent channeling and guarantee uniform hydraulic loading. The inlet pipe was perforated along its 

length, allowing wastewater to be distributed uniformly across the filter media’s surface. 

7. Outlet system: To collect the treated wastewater, an outlet tap was placed at the base of each unit. The tap 

assisted in preserving the intended hydraulic retention time and made sampling at desired intervals simple. 

 

2.4 Hydraulic Operation: 

Market wastewater collected from the Gollamari market was introduced at the top of both units through inlet pipes 

and allowed to percolate vertically through the filter media. The treated effluent was collected from the outlet pipe 

located at the base of each unit. Both filters were fed 10L of market wastewater per batch. The influent was allowed 

to remain in the filter for 24 hours, after which the effluent was collected for analysis of key parameters, including 

Biochemical Oxygen Demand, Chemical Oxygen Demand, Total Dissolved Solids, Total Suspended Solids, 

Nitrate, Phosphorus, etc., before and after treatment. 
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3. Result & Discussion  

 

Table 1: Water quality test results of market wastewater samples 

 

Water Quality 

Parameters 

Unit Raw Market 

Wastewater 

Treated Market 

Wastewater 

(Planted filter) 

Treated Market 

Wastewater 

(unplanted 

filter) 

ECR’23 

discharge 

Standard 

Biochemical Oxygen 

Demand (BOD5) 

mg/L 34 22.5 31.5 30 

Chemical Oxygen 

Demand (COD) 

mg/L 707.44 94.87 109.52 200 

 

Total Dissolved 

Solids (TDS) 

mg/L 2650 1500 1776 -- 

Total Suspended 

Solids (TSS) 

mg/L 540 120 230 100 

Electrical 

Conductivity 

mS/cm 3.71 1.845 1.98 -- 

pH -- 7.9 7.5 7.7 6.0-9.0 

Turbidity NTU 288 1.57 10.2 -- 

Nitrate (NO3-N) mg/L 4.5 2.5 3.1 10 

Phosphate (PO4) mg/L 2.0 0.3 0.5 5.0 

Iron (Fe) mg/L 0.225 0.043 0.131 3 

Alkalinity (as 

CaCO3) 

mg/L 4320 865 977.5 -- 

Total Coliform N/100 mL 50900 42300 44500 -- 

Fecal Coliform N/100 mL 26300 19600 22300 -- 

 

Table 1 summarizes the efficacy of the planted and unplanted filters in treating market wastewater compared 

with ECR 2023(Environmental Conservation Rules). In every measured water quality parameter, the planted 

filter continuously performed better than the unplanted filter. 

 

BOD5 and COD Organic Load Removal: The planted filter decreased BOD5 from 34 mg/L to 22.5 mg/L, 

whereas the unplanted filter only managed 31.5 mg/L. In the same way, COD dropped from 707.44 mg/L in raw 

wastewater to 94.87 mg/L in the planted filter and 109.52 mg/L in the unplanted filter. This suggests that 

vegetation speeds up the decomposition of organic matter by increasing microbial activity and oxygen transfer. 

TSS and TDS were also more effectively eliminated by the planted filter (TSS: 120 mg/L vs. 230 mg/L; TDS: 

1500 mg/L vs. 1776 mg/L). The plants' roots enhance sedimentation and filtration, increase surface area 

available for microbial colonization, and improve the removal of solids. 

 

Metals and Nutrients: The planted system showed greater reductions in phosphate and nitrate, suggesting both 

microbial assimilation and plant uptake of nutrients. The planted filter also removed more iron, indicating 

improved adsorption and microbial transformation. 

Plant-associated microorganisms and rhizosphere interactions play a key role in pathogen removal, as evidenced 

by the slightly lower total and fecal coliform counts in the planted filter compared to the unplanted one. 

 

Other Parameters: The planted filter more successfully decreased turbidity and electrical conductivity. Both 

systems' pH values stayed within allowable bounds, but the planted filter's alkalinity decreased more, most likely 

as a result of plant-mediated and microbial activity. 

 

4. Limitations 

 

The very small-scale VCW system used in this study might not accurately reflect actual market conditions.  The 

evaluation of vertical flow performance was limited because the standard wetland height was not used.  It was 
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not possible to assess the impact of multiple or mixed vegetation on treatment efficiency because only two 

Canna indica plants were planted.  Furthermore, seasonal and operational variances present in real markets 

might not be captured by brief experimental periods and carefully regulated laboratory settings. 

 

5. Conclusion 

 

A pilot-scale VCW system was constructed in the laboratory and operated at a hydraulic retention time of 24 h 

with an inflow rate of 10 L/day. Control treatments consisted of a tree-planted and unplanted filter to compare 

the influence of vegetation with that provided by substrate and hydraulics. When it comes to treating market 

wastewater, planted filters outperform unplanted filters, resulting in reduced BOD, COD, TSS, turbidity, 

nutrients, and microbial loads. Planted VCW units having Canna indica exhibited substantial removal of BOD 

(33%), COD (86%), TSS (~78%), turbidity, nutrients, and iron to emphasize the role of vegetation. Non-planted 

filters also diminished contaminants, but to a lesser extent. Treated effluent generally met the Biochemical and 

Nutrient parameters stipulated in Bangladesh’s Environment Conservation Rules, 2023, but microbial load was 

higher than permissible limits, suggesting additional treatment stages. VCWs show promise as a sustainable, 

low-cost wastewater treatment option suited to the climatic and socio-economic conditions of urban Bangladesh, 

particularly for decentralized or small-scale treatment needs. 
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