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ABSTRACT

Introduction: Wastewater from African catfish aquaculture ponds contains various chemical pollutants, such as bio-
chemical oxygen demand (BOD) and chemical oxygen demand (COD), which can negatively impact human health 
if discharged untreated into nearby water bodies. This study aimed to evaluate the potential of a lab-scale constructed 
wetland (CW) system incorporating palm oil fuel ash (POFA) composite as the adsorbent medium and Napier grass 
(Pennisetum purpureum) as the phytoremediation plant for the treatment of African catfish pond effluent.  Materials 
and Methods: The CW system was operated using a continuous feeding mode for 30 days. Water quality parame-
ters, including dissolved oxygen (DO), BOD, and COD, were analyzed before and after treatment. Results: Results 
showed a significant improvement in DO concentration from 14.8% to 99.3%. BOD levels had been  decreased up 
to 99.85%. COD values were also significantly reduced, from 1933.33 to 64.67 mg/L, corresponding to a 96.65% 
removal efficiency. Statistical analysis using paired T-tests confirmed significant differences (p ≤ 0.05) between initial 
and final values for all parameters. Conclusion: This study demonstrated that the CW system effectively improved 
the physicochemical quality of African catfish pond effluent. The integration of a composite POFA filter media with 
Napier grass represents a novel and sustainable hybrid filtration–phytoremediation strategy, contributing to increased 
oxygen dynamics and effective removal of organic pollutants at laboratory scale. Future research will focus on eval-
uating heavy metal removal performance and conducting health risk assessments of the treated effluent to further 
support the environmental and public health relevance of this treatment approach.
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INTRODUCTION

Malaysian aquaculture encompasses freshwater and 
marine fish, aquatic plants, molluscs and crustaceans 
[1]. Consistent growth has been observed in the 
industry, with a total production of 511,860.2 tonnes as 
of 2024, equivalent to approximately RM 5,880,254.24 
($756,937) [2]. More than 30 species of freshwater fish 
are cultivated in Malaysia, with the African catfish being 
the most commonly cultured species, followed by red 
tilapia, catfish, black tilapia, large head carp and jelawat 
[2]. The Clarias gariepinus, a type of African catfish, 
is classified as an exotic fish species in Malaysia. The 

species was introduced from Thailand between 1986 
and 1989 via the aquaculture industry [1]. The African 
catfish, an introduced species rather than a native catfish, 
grows rapidly, has a high level of disease resistance and 
is preferred by local residents [3].

Unfortunately, wastewater from African catfish ponds 
contains a variety of chemical pollutants, including 
biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD). Consumers who use river water 
as drinking water may experience health effects due to 
these pollutants. Therefore, wastewater from African 
catfish ponds must be treated before it is discharged into 
the nearest body of water. Yet, traditional treatments, 
like mechanical treatment, will place a financial burden 
on African catfish pond operators due to their high cost. 
Hence, the use of constructed wetlands (CW) for treating 
wastewater from African catfish ponds is recommended, 
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given its cost-effectiveness and eco-friendliness [4].

Typically, constructed wetlands (CW) comprise adsorbent 
media, plants, and microorganisms [5]. Widely applied 
CW systems have been used to mitigate environmental 
pollution by removing wastewater contaminants like 
organic compounds, suspended solids, and nutrients, 
thus enhancing overall water quality [6]. Despite their 
proven effectiveness, a critical research gap persists, as 
current studies have failed to investigate the integration 
of a composite filter medium comprising palm oil fuel 
ash (POFA), activated carbon, and Portland cement with 
Napier grass as a phytoremediation component within a 
constructed wetland system.

A laboratory-scale CW was built for this research, 
utilising a POFA-based composite as the adsorbent 
medium, Napier grass as the phytoremediation plant, 
and a continuous-flow feeding system. The use of POFA, 
a plentiful by-product from the palm oil industry, within 
composite media signifies a waste-to-resource approach 
that aligns with sustainable and circular economy 
principles. The POFA composite was chosen primarily 
due to its low cost, natural origin, and proven ability to 
adsorb metal ions and nutrients [7]. Napier grass was 
selected for its simple cultivation requirements, its ability 
to withstand drought [8], long lifespan, widespread 
availability, affordable cost, and adaptability to a variety 
of climatic conditions [5].

The primary goal of this research was to assess the capability 
of Napier grass combined with a composite medium 
made from POFA in a laboratory-scale constructed 
wetland system for removing physicochemical pollutants 
from wastewater in African catfish farming ponds. This 
integrated filtration-phytoremediation approach presents 
a new and sustainable treatment method that tackles 
both wastewater management and agro-industrial waste 
utilisation issues.

 MATERIALS AND METHODS

The data were obtained through sampling and laboratory 
work. The data obtained were collected for 30 days. 
The selected water quality parameters used in this study 
included dissolved oxygen (DO), which was measured 
in situ using a ProODO meter, biochemical oxygen 
demand (BOD), which was measured using Five-Day 
Biochemical Oxygen Demand method (BOD5) [9], and 
chemical oxygen demand (COD), which was measured 
using the Closed Reflux Method [9] and was analysed 
using spectrophotometer HACH DR2800.

The water samples were kept in 1-L polyethylene bottles 
and preserved with 65% nitric acid until the pH of the 
samples reached pH 2 for COD parameter analysis. 
Then, the water samples were kept at 4°C until further 
analysis. For BOD analysis, the water samples were 
collected using 300 mL Wheaton bottles and kept at 

4°C until analysis. The analysis was conducted within 
24 hours after sampling.

The plant material and aquaculture sites utilised in 
this investigation were carefully chosen to guarantee 
representativeness and reliability of the data collected. 
Samples of Napier grass (Pennisetum purpureum) were 
gathered from wild-growing stands located within the 
specified area for Napier grass cultivation in Jenderam 
Hilir, Selangor. Specimens were obtained from 
unmanaged, spontaneously growing Napier grass plants 
that were cultivated in the area, which mirrors typical 
field conditions. Shoots that were mature and healthy 
were manually picked, correctly identified, and taken to 
the laboratory for additional processing.

Ponds for African catfish (Clarias gariepinus) aquaculture 
in Melaka were chosen, considering suggestions 
from the Melaka Water Regulatory Authority. The 
recommended ponds were assessed for adherence to 
environmental and operational guidelines, along with 
standard aquaculture management procedures. Only 
ponds that met the specified criteria were included, 
with water quality, stocking density, and overall pond 
conditions recorded before sampling took place. The 
careful selection process ensured that both plant and 
fish samples utilised in the study were representative of 
local conditions and suitable for subsequent analyses.

Three medium-sized basins were prepared for the 
treatment process using the continuous flow constructed 
wetland method. Two basins, each measuring 50 cm 
x 40 cm x 15 cm, were planted with Napier grass in 
a growth medium composed of POFA composite, 
designated as cPOFA. A total of 10 L of water from a 
catfish pond was added to the first basin, which did not 
contain cPOFA and Napier grass. Next, the catfish pond 
water was directed into the second basin, which held 
cPOFA and Napier grass, at a flow rate of 5 mL/minute 
via an infusion drip [8]. The water from the first basin was 
then drained and flowed directly to the second basin by 
gravity, which also contained cPOFA and Napier grass. 
Water from the second basin was taken for analysis of 
DO, BOD, and COD parameters. Measurements were 
recorded daily for a period of 30 days. Fig. 1 illustrates a 
schematic of the CW flow.

Statistical Analysis
Descriptive analysis was performed for all variables. All 
data were expressed in average ± standard deviation. 
Data were analyzed using the Statistical Package for 
Social Science (SPSS, version 26) software. Paired T-test 
was conducted to compare the initial and final values 
of each parameter. The significant value for the data 
analyzed was set at p ≤ 0.05.
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Biochemical Oxygen Demand (BOD)
Fig. 3 shows that the BOD value before treatment 
was 54.1 mg/L. The BOD concentration fluctuated 
throughout the treatment. However, in general, the BOD 
concentration showed a decreasing trend. On day 30 of 
treatment, the BOD concentration was 3.8 mg/L. The 
range of percentage reduction in BOD concentration 
throughout the treatment period was 84.5%–99.9%. 
Paired T-test showed a significant difference (p ≤ 0.05) 
between the initial and final BOD concentration values. 
This indicates that the CW is effective in treating BOD 
concentrations in wastewater from African catfish 
farming ponds.

Chemical Oxygen Demand (COD)
Fig. 4 shows the COD concentration values. Initially, 
the COD concentration showed a reading of 1933.3 
mg/L. The COD concentration showed a decreasing 
trend although there were fluctuations throughout the 
treatment process. The COD concentration on the 

RESULTS

Dissolved Oxygen (DO)
Fig. 2 shows the DO concentration readings during 
30 days of treatment using continuous CW. Before 
treatment, the DO concentration was 14.8%. On the 
first day of treatment, the DO concentration increased 
to 93.3%. In general, the DO concentration trend was 
increasing. Overall, there was a 7-fold increase in DO 
concentration, where the DO concentration on the 30th 
day of treatment was 99.3%. Therefore, the percentage 
increase in DO concentration at the end of treatment 
was 84.5%. Paired T-test found a significant difference (p 
≤ 0.05) between the initial and final DO concentrations. 
Therefore, it can be concluded that the treatment of 
CW can increase the DO concentration in the African 
catfish pond farm effluent. The CW can increase the DO 
concentration in water by 33.9 - 84.5%.

Fig. 1: Water treatment design using continuous flow constructed wetlands method

Fig. 2: Dissolved oxygen (DO) concentration during 30 days of treatment using constructed wetlands in continuous feeding mode
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30th day of treatment was 64.7 mg/L. The range of 
percentage reduction in COD concentration throughout 
the treatment period was 96.6% - 100.0%. Paired T-test 
showed a significant difference (p ≤ 0.05) between the 
initial and final COD concentrations. This indicates that 
the CW can effectively reduce the COD concentration 
in the African catfish pond farm wastewater.

DISCUSSION

This study found that the constructed wetland system 
significantly boosted dissolved oxygen levels in the 
treated water, while also lowering biochemical oxygen 
demand and chemical oxygen demand. The DO 
concentration improved by 33.93–84.5% after treatment 
using the CW system, which signifies a considerable 
enhancement in water quality. The increase in DO 
concentration is primarily due to three key mechanisms: 
initially dissolved oxygen in the water, oxygen released 
from plants (POR), and oxygen diffusing from the 
atmosphere (AR) [10;11].

In continuous-flow CW systems, air diffusion and 
plant oxygen release play a dominant role in oxygen 

transfer, especially in the upper areas of the system 
as water flows through the wetland medium, thereby 
contributing to increased dissolved oxygen levels [10]. 
This study found that the increase in DO was greater 
than the 62–63% increase reported by Li et al. [12] for 
horizontal subsurface flow CW systems. This comparison 
emphasizes the improved oxygenation capabilities of 
the current CW setup, which can be ascribed to the 
combined effects of the composite materials and the 
oxygen transfer processes aided by plants.

This study achieved a greater percentage of biochemical 
oxygen demand (BOD) reduction than that reported by 
Metali et al. [13], whose horizontal flow constructed 
wetland (HFCW) system yielded BOD removal 
efficiencies between 27.50% and 90.35%. Mohd Shafiq 
Asnawi Md. Akhir et al. [14] found a somewhat lesser 
BOD decrease of 52% in a surface flow constructed 
wetland at the Frangipani Resort in Langkawi. In 
contrast, the results of the current research align with 
those of Langergraber et al. [15], who showed that a 
vertical flow constructed wetland (VFCW) system was 
able to remove 91–98% of biochemical oxygen demand, 
thereby underscoring the efficiency of flow-based CW 

Fig. 3: Biochemical oxygen demand (BOD) concentration during 30 days of treatment using constructed wetlands in continuous feeding mode

Fig. 4: Chemical oxygen demand (COD) concentration during 30 days of treatment using constructed wetlands in continuous feeding mode
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biodegradation in the absence of vegetation, the 
presence of marsh plants accelerates and enhances the 
mineralisation of organic pollutants due to increased 
oxygen availability in the root zone [20]. In the present 
study, the use of Napier grass likely contributed to 
elevated oxygen concentrations in the rhizosphere, 
thereby facilitating more efficient decomposition of 
organic compounds. This plant-mediated oxygen 
transfer mechanism complements the improvements 
in DO and the reductions in BOD observed in the CW 
system, highlighting the integrated role of vegetation in 
enhancing overall treatment performance. Furthermore, 
previous studies have reported that increased 
oxygenation and prolonged contact time between 
wastewater and the CW system can further improve 
COD removal efficiency, supporting the effectiveness of 
the continuous-flow design applied in this study [16].

Field-scale constructed wetlands provide a more realistic 
representation of operational conditions, but this 
research can only implement a laboratory-scale CW due 
to site-specific constraints. Specifically, the aquaculture 
pond facility did not have sufficient available space to 
accommodate a full-scale system. The use of a laboratory-
scale CW allowed for controlled hydraulic conditions 
and precise monitoring of treatment performance, which 
are critical during the early-stage assessment of novel 
CW treatment. Laboratory-scale studies are widely used 
as an initial step prior to field utilization, as they allow 
optimisation of design parameters and performance 
benchmarking while minimising logistical and land-
use constraints. Consequently, the findings of this study 
provide a strong scientific basis for future field validation 
of the proposed CW system under actual aquaculture 
conditions where spatial limitations can be addressed.

CONCLUSION

In conclusion, the 30-day laboratory-scale treatment 
showed that the constructed wetland (CW) system 
effectively improved the physicochemical quality 
of wastewater from African catfish pond farms. The 
treatment resulted in a considerable increase in dissolved 
oxygen (DO) concentrations, while biochemical 
oxygen demand (BOD) and chemical oxygen demand 
(COD) values were reduced by 84.5%–99.9% and 
96.6%–100.0%, respectively. This study integrates a 
composite POFA filter media with Napier grass, which 
symbiotically enhanced oxygen diffusion and removal 
of organic pollutant, constitute a hybrid filtration–
phytoremediation approach that is both sustainable and 
cost-effective. This system shows the potential to prevent 
waterborne pollutants from aquaculture effluents before 
they reach natural water bodies, thereby contributing 
to a safer water supply and supporting public health. 
Besides, the findings produce a strong scientific basis 
for future scale-up and field validation, including 
assessments of heavy metal removal and potential 
health risks, which emphasise the wider environmental 

configurations in increasing organic matter removal.

The paired t-test analysis results further validated a 
statistically significant distinction (p ≤ 0.05) between the 
initial BOD concentrations and those measured towards 
the end of the treatment period, showing that the 
constructed wetland system implemented in this study 
was effective in lowering the organic load of wastewater 
from African catfish farming ponds. A decrease in BOD 
concentration indicates a corresponding reduction in 
organic matter content, as microorganisms in the CW 
system break down organic compounds in the wastewater 
and convert them into inorganic substances or gaseous 
by-products that are emitted into the atmosphere.

However, under certain conditions, organic matter 
originating from plant detritus and microbial biomass 
may enter the water column, leading to increased 
total suspended solids (TSS) and organic content in the 
treated effluent, which can result in reduced treatment 
efficiency [8]. In the present continuous-flow system, 
such limitations were minimised, contributing to the 
higher BOD removal efficiency observed. CW systems 
also benefit from vegetation, which plays a vital part in 
increasing BOD removal. Plants facilitate the transfer of 
oxygen to the adsorption media, thereby supporting the 
aerobic degradation of organic pollutants. Additionally, 
plant structures such as roots, stems, and leaves offer 
extensive surfaces for microbial attachment and biofilm 
formation, which in turn facilitates the breakdown of 
complex organic compounds and improves overall 
treatment outcomes [16].

This study's constructed wetland system showed a high 
efficiency in removing chemical oxygen demand (COD), 
further supporting its ability to reduce organic pollution 
in wastewater from African catfish farming ponds. 
The COD removal percentage observed in this study 
exceeded that reported by Collivignarelli et al. [17], who 
found a maximum COD removal efficiency of 90% using 
Carex oshimensis, Cyperus papyrus, and Phragmites 
australis. In contrast, COD removal efficiencies of 
between 50.82% and 58.26% were reported by Nema 
et al. [18] after using a mix of Canna indica, Colocasia, 
Hymenocallis littoralis, and Phragmites australis. The 
results indicate that the CW configuration and plant 
species chosen in this research were more efficient at 
removing organic matter. A paired t-test analysis found 
a statistically significant difference (p ≤ 0.05) between 
the initial and final COD concentrations, showing that 
the continuous-flow CW system was effective in treating 
wastewater samples. BOD reductions and DO increases 
observed in CW systems are consistent with the removal 
of COD, which is achieved through a combination of 
aerobic and anaerobic biodegradation processes, in 
addition to physical mechanisms like adsorption and 
filtration within the wetland media [19].

Although organic compounds in soil can undergo 
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relevance of this treatment strategy.
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