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1. Introduction 

Landfills are essential for managing municipal solid 

waste, yet they also create a hidden but pressing 

environmental problem: landfill leachate. This liquid, 

formed as rainwater filters through layers of 

decomposing waste, contains a hazardous cocktail of 

pollutants, including high concentrations of ammonia 

nitrogen (NH3-N), organic matter, heavy metals, and 

other toxic substances. Left untreated, leachate can seep 

into groundwater, pollute nearby water bodies, and 

disrupt ecosystems, posing significant threats to public 

health and the environment [1],[2]. 

In Malaysia, where tropical rainfall is abundant, the 

leachate production is estimated to exceed 3 million litres 

per day, a figure that underscores the scale of this 

challenge. Traditional treatment methods, such as 

chemical and physical processes, are often expensive, 

energy-intensive, and difficult to implement on a large 

scale. As a result, there is a growing interest in exploring 

more sustainable and cost-effective alternatives [3],[4]. 

Constructed wetlands (CWs) have emerged as a 

promising solution. These engineered ecosystems 

replicate natural wetland processes to treat wastewater 

through a combination of biological, chemical, and 

physical mechanisms. They offer a practical, low-

maintenance, and environmentally friendly approach to 

managing leachate, particularly in regions where 

resources for advanced treatment technologies may be 

Abstract: Landfill leachate, a byproduct of waste decomposition, contains harmful pollutants that 

pose serious risks to the environment and public health. This study explored the use of a vertical 

subsurface flow constructed wetland system to treat landfill leachate, focusing on the effectiveness 

of three plant species: Napier Grass (Pennisetum purpureum), Golden Beak Sedge (Rhynchospora 

corymbosa), and Tube Sedge (Lepirona articulata). Napier Grass emerged as the most effective, 

achieving removal rates of 24.99% for turbidity, 29.97% for color, 85.01% for chemical oxygen 

demand (COD), and 78.39% for ammonia nitrogen (NH3-N). The study also identified four days as 

the optimal retention time for maximum pollutant removal, beyond which improvements leveled 

off. These findings highlight Napier Grass as a promising option for improving the efficiency of 

constructed wetlands, providing a sustainable and cost-effective solution for landfill leachate 

treatment. 
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limited. Among the various types of CWs, vertical 

subsurface flow systems stand out for their efficiency in 

nitrogen removal, making them particularly suitable for 

treating landfill leachate [5]. One critical factor in the 

success of constructed wetlands is the choice of 

vegetation. Plants play a central role in these systems, 

acting as natural filters by absorbing nutrients, enhancing 

microbial activity, and providing oxygen to support the 

degradation of pollutants. While the benefits of CWs are 

well-documented, the specific contributions of different 

plant species, especially in tropical environments like 

Malaysia’s, remain less explored [3],[6]. 

This study seeks to address this knowledge gap by 

investigating the performance of three plant species—

Napier Grass (Pennisetum purpureum), Golden Beak 

Sedge (Rhynchospora corymbosa), and Tube Sedge 

(Lepirona articulata)—in a vertical subsurface flow 

constructed wetland system designed for landfill leachate 

treatment. The analysis focuses on key parameters, 

including turbidity, pH, colour, ammonia nitrogen (NH3-

N), and chemical oxygen demand (COD), which are 

critical indicators of water quality. By comparing the 

pollutant removal efficiencies of these plant species, the 

study aims to identify the most effective option for 

enhancing leachate treatment in tropical regions [6],[7]. 

Beyond its scientific contribution, this research has 

practical implications. Identifying the right vegetation 

for CWs can significantly improve the efficiency and 

sustainability of leachate treatment systems, reducing the 

environmental impact of landfills while offering a cost-

effective solution for water pollution control. Moreover, 

the findings could serve as a blueprint for adapting CW 

designs to other regions with similar environmental 

conditions, advancing global efforts toward more 

sustainable waste management practices. 

 

2. Methodology 

In order to run the experiment for treating the 

landfill leachate, vertical flow type constructed wetland 

is used for the experiment. The overall methodology 

consists of several stages which are preparation of 

leachate samples, preparation of vegetations, preparation 

of constructed wetlands and data analysis. 

 

2.1 Leachate Sample 

Two different batches of landfill leachate that 

collected from Seelong Sanitary Landfill, Johor. The 

treated leachate from the landfill that discharged to 

aerated lagoon undergoes filtration and sedimentation 

was collected as the sample for the experiment. After 

collecting the leachate from the landfill, 10 L of the 

leachate will manually transfer into the 32L volume of 

constructed wetland. The all three units of the 

constructed wetland are planted with different species of 

vegetation.  

 

2.2 Vegetation 

Three species of vegetation were used for this 

experiment which are shown in Figure 1 a) Napier grass 

(Pennisetum purpureum), b) Golden Beak Sedge 

(Rhynchospora corymbosa) and c) Tube Sedge 

(Lepironia articulata). All the plants were taken from the 

natural wetland at Kampung Parit Rambai, Pontian, 

Johor. Ten to twelve healthy adult plants with same 

height were selected from each wetland to be placed in 

the constructed wetland. As a preparation stage for the 

vegetation before planting into the lab scale constructed 

wetland, all the vegetation species were placed in the 

large container filled with soil and water as shown in Fig. 

1(d). The goal is also to standardize the nutritional 

content of all species before they are planted in the newly 

built wetland. 

 

2.3 Constructed Wetlands 

 The vertical flow type of constructed wetland 

was chosen as it gives higher efficiency of nitrogen 

removal (Fig. 2 (a) and (b)). The wetlands were 

constructed from 32L semi-transparent plastic containers 

with dimension of 57cm length x 35cm width x 23cm 

height. Gravel is chosen as the medium because it has a 

wide surface area that is ideal for biochemical processes. 

It provides the high conductivity required to stabilise the 

hydraulic retention time of a constructed wetland. The 

bottom of the bed includes a modest slope that allows for 

collecting the treated water and drainage out of the unit. 

Gravel at bottom layer with 9 cm height, and the soil at 

top layer with a 9 cm height as well. 

 

2.4 Experimental Method 

After the preparation of the leachate sample, the 

water analysis of the initial leachate sample was 

determined for turbidity, pH, colour, Ammonia Nitrogen 

(NH3-N), and Chemical Oxygen Demand (COD).  After 

five days, the leachate sample was collected through the 

pipe valve pipe for analysis. Percentage removal 

efficiency was calculated using the equation: 

 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) = (
𝐶𝑜 − 𝐶𝑡)

𝐶𝑜

× 100% (1) 
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Fig. 1 - a) Pennisetum purpureum, b) Rhynchospora 

corymbosa, c) Lepironia articulate and d) Standardize 

Nutritional Content in Vegetation. 

 

 
Fig. 2 - a) Schematic Diagram of Vertical Flow 

Constructed Wetland and b) Lab Scale Constructed 

Wetlands. 

 

 

3. Results and Discussions 

3.1 Effective Species of Vegetation 

The effectiveness of three plant species Napier 

Grass (Pennisetum purpureum), Golden Beak Sedge 

(Rhynchospora corymbosa), and Tube Sedge (Lepirona 

articulata) in treating landfill leachate was evaluated 

using a vertical subsurface flow constructed wetland 

system was shown in Fig. 3. The performance of these 

species was assessed based on their ability to remove 

turbidity, colour, chemical oxygen demand (COD), and 

ammonia nitrogen (NH3-N) from the leachate. Among 

the three, Napier Grass emerged as the most effective 

species, achieving removal efficiencies of 24.99% for 

turbidity, 29.97% for colour, 85.01% for COD, and 

78.39% for NH3-N. Golden Beak Sedge showed 

moderate performance with removal efficiencies of 

15.05%, 25.21%, 69.67%, and 75.12% for turbidity, 

colour, COD, and NH3-N, respectively, while Tube 

Sedge exhibited the lowest removal efficiencies across 

all parameters [5],[8]. 

The superior performance of Napier Grass can be 

attributed to its robust root system and high biomass, 

which enhance its ability to remove pollutants through 

multiple mechanisms. Its dense root network facilitates 

sedimentation and filtration, effectively trapping 

suspended particles and improving turbidity removal. 

The roots also provide a substrate for microbial activity, 

(a) 

(b) 

(c) 

(a) 

(b) 
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which is essential for breaking down organic pollutants, 

thereby enhancing COD removal. Additionally, Napier 

Grass absorbs significant amounts of nutrients such as 

nitrogen and phosphorus, reducing their concentrations 

in the leachate. Oxygen transfer from its roots into the 

surrounding soil further supports aerobic microbial 

processes, aiding in the conversion of ammonia into less 

harmful compounds. In contrast, the relatively lower 

removal efficiencies observed for Golden Beak Sedge 

and Tube Sedge may be due to their less extensive root 

systems and lower nutrient uptake capacities [9],[10]. 

These findings emphasize the critical role of 

vegetation selection in the design and performance of 

constructed wetlands. Napier Grass, with its superior 

pollutant removal efficiencies and adaptability, is the 

most effective species for landfill leachate treatment in 

this study. Incorporating such vegetation into 

constructed wetland systems can significantly enhance 

their treatment performance while maintaining cost-

effectiveness. This insight is particularly valuable for 

tropical climates like Malaysia’s, where environmental 

conditions may favour plant species with similar 

characteristics. 

 
Fig. 3 - Average Removal Efficiency for Every 

Vegetation 

 

 

3.2 Optimum Retention Time 

The optimum retention time for Napier Grass 

(Pennisetum purpureum) in the constructed wetland 

system was determined through a seven-day observation 

of its performance in treating landfill leachate in Fig. 4 

(a) and (b). The results showed that pollutant removal 

efficiencies increased steadily from day one to day four, 

after which the improvements plateaued, indicating the 

optimal duration for treatment. For turbidity, removal 

efficiency rose from an initial 1.96% on day one to 

24.71% on day four, eventually stabilizing around 

25.77% by day seven. Similarly, the colour removal 

efficiency increased from 3.15% on day one to 29.93% 

by day four, reaching a marginally higher value of 

30.65% by day seven. These trends suggest that while 

some removal processes continue beyond day four, the 

rate of improvement diminishes, making a four-day 

retention period the most efficient for practical 

applications [11],[12]. 

The physical appearance of the leachate further 

corroborated these findings, as samples treated with 

Napier Grass showed noticeable clarity by the fourth day. 

This retention period aligns with the plant's capacity to 

optimize sedimentation, filtration, and nutrient uptake 

processes within the constructed wetland system. The 

stabilization of pollutant removal efficiencies after day 

four indicates that extending the retention time beyond 

this point yields minimal additional benefits, thereby 

optimizing both treatment efficacy and operational 

efficiency [13],[14]. These results are significant for 

scaling up constructed wetland systems, particularly in 

settings where resource efficiency is paramount. By 

adopting a four-day retention time, it is possible to 

achieve effective treatment while minimizing the space 

and time requirements for leachate management 

[14],[15]. This finding highlights the practical 

advantages of using Napier Grass in wetland systems, 

especially in tropical regions where rapid and efficient 

pollutant removal is essential for sustainable waste 

management practices. 

 
Fig. 4 (a) Optimization of Retention Time for Napier 

Grass (Pennisetum purpureum) and (b) Sample of 

Pennisetum Purpureum Leachate for 7 Days 

   

4. Conclusion 

This study demonstrated the potential of vertical 

subsurface flow constructed wetlands for addressing the 

environmental challenges posed by landfill leachate. 

Among the plants tested, Napier Grass (Pennisetum 

purpureum) stood out as the most effective species, 

showing superior removal rates for key pollutants like 

turbidity, colour, COD, and NH3-N. The findings also 

revealed that a retention time of four days is optimal for 

achieving high treatment efficiency while maintaining 

practicality. These results emphasize the importance of 

(a) 

(b) 
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selecting suitable vegetation for enhancing the 

performance of constructed wetlands. Incorporating 

Napier Grass into wetland designs offers a low-cost, 

environmentally friendly approach to managing leachate, 

especially in tropical climates like Malaysia. Beyond its 

immediate application, this research provides valuable 

insights for scaling up constructed wetland systems and 

adapting them to treat other types of wastewaters. Future 

work could further explore the long-term viability of 

such systems and their effectiveness under varying 

environmental conditions. 
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