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Wastewater management is a growing concern in aquarium systems. The discharge of untreated aquarium effluent into the environment contributes to pollution and poses ecological risks. Large-scale aquaculture adopts advanced filtration technologies are often expensive and difficult for small-scale aquarium keepers. There is a need for low-cost and sustainable wastewater treatment strategies. Plant-based materials can be promising alternatives due to their pollutant removal potential. This study is evaluating natural materials such as Indian almond leaves, bamboo leaves, and charcoal in filtration to improve aquarium wastewater quality. Aquarium effluent water was collected and treated with leaf and charcoal combinations. T1 – Indian almond leaves, T2 and T3 – bamboo and Indian almond leaves (different ratios), and T4 – bamboo leaves, each combined with 1 g charcoal (2 g total). A control without plant materials was included to assess natural changes. Leaves were washed, sun-dried, crushed, briefly boiled, soaked for 24 h, and re-dried. Charcoal was washed, oven-dried, crushed, and sieved. Each material combination was placed in muslin filter pouches and submerged in wastewater for 28 days. Water quality parameters such as pH, electrical conductivity, turbidity, dissolved oxygen, biochemical oxygen demand, nitrate, nitrite, and phosphate were assessed on 0, 7, 14, 21 and 28 days. Statistical analysis showed significant differences among treatments (P<0.05). All the combinations significantly reduced turbidity and nutrient concentrations compared to the control. All treatments stabilized electrical conductivity and pH within the range of 7.7–7.9. Dissolved oxygen levels improved, while biochemical oxygen demand decreased to 2.0 mg/L, indicating effective reduction of organic load. The charcoal and bamboo leaf combination showed the highest nitrate removal, whereas Indian almond leaves were particularly effective in reducing nitrite concentrations to <0.1 mg/L. Phosphate concentrations were significantly reduced to 0.108–0.175 mg/L across treatments. This study shows that bamboo leaves, Indian almond leaves, and charcoal, used individually or in combination, can significantly improve wastewater quality. All the water quality standards adhered to Sri Lankan Central Environmental Authority acceptable standards. These findings confirm that natural leaf–charcoal filtration systems represent a sustainable, biodegradable, and cost-effective filters for small-scale and household aquaculture.
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Extended Abstract 
Introduction
Water quality is widely recognized as one of the most critical factors influencing the health, productivity, and long-term sustainability of aquatic environments. In closed and semi-closed systems such as household aquaria or small-scale aquaculture tanks, water quality can deteriorate quickly due to the accumulation of uneaten feed, feces, decomposing organic matter, and microbial activity that follows. These processes generate a mixture of dissolved and particulate substances including ammonia, nitrite, nitrate, phosphate, and other compounds that increase the biochemical oxygen demand (BOD), reduce dissolved oxygen levels, and impair water clarity. If such wastewater is discharged untreated, it can create broader environmental and even public health concerns. In large aquaculture facilities, advanced treatment systems are used to maintain acceptable water quality. Mechanical filters, biofilters, and chemical treatments are highly effective but also expensive, technologically demanding, and dependent on electricity or non-renewable synthetic materials. For small farmers and aquarium hobbyists, these options are often not practical. 
The commercially available filters may be easier to use but are costly, rely on plastic based or other non-biodegradable media, and require frequent replacement, creating both financial burdens and waste. These challenges highlight the need for affordable, ecofriendly, and accessible filtration solutions. Plant-based materials have gained attention as promising alternatives because they are biodegradable, locally available, and able to remove a range of pollutants. Indian almond (Terminalia catappa) leaves are widely used in ornamental fish keeping; they release natural compounds such as tannins, flavonoids, and humic substances that provide antimicrobial and antioxidant effects and creates blackwater conditions favorable to certain species. Bamboo leaves (Bambusa vulgaris) are rich in polyphenols, lignin, and polysaccharides that contribute to coagulation, adsorption, and turbidity reduction. Charcoal produced from agricultural biomass is a well-established adsorbent with a high surface area capable of trapping nitrogenous compounds, organic matter, and trace metals. When combined into simple filter assemblies such as muslin pouches, these materials provide a low-cost and low-technology method for improving water quality. 
This study tested muslin filter bags filled with Indian almond leaves, bamboo leaves, and charcoal placed into four-liter tanks of aquarium wastewater (without live fish). Water samples were tested for EC, turbidity, pH, dissolved oxygen, BOD, nitrate, nitrite, and phosphate following APHA (2017) procedures. The research aimed to demonstrate that simple, ecofriendly systems using natural materials can meaningfully improve water quality while being affordable and sustainable.
Aquarium wastewater, even in tanks without fish, carries organic and inorganic pollutants that can harm water quality and create risks when discharged. Many smallholders and aquarium hobbyists lack access to affordable, reliable, and sustainable filtration methods. Conventional filters are costly, synthetic, and energy-dependent. This study addresses the gap by testing the efficiency of natural, biodegradable, and locally available materials for aquarium wastewater treatment.
Objective - To test the efficacy of bamboo leaves (Bambusa vulgaris), Indian almond leaves (Terminalia catappa), charcoal in purifying fish tank wastewater. - To analyze physical and chemical parameters of aquarium wastewater before and after filtration.
Material and Methods
The experiment was conducted at the Aquaculture Laboratory and Water Quality Laboratory, Uva Wellassa University, using aquarium wastewater without fish in 4 L glass tanks arranged in a Completely Randomized Design (CRD) with three replicates per treatment. Treatments were: - T1: Indian almond leaves + Charcoal (2 + 2 g) - T2: Bamboo leaves + Indian almond leaves + Charcoal (1 + 1 + 2 g) - T3: Bamboo leaves + Indian almond leaves + Charcoal (1.6 + 0.4 + 2 g) - T4: Bamboo leaves + Charcoal (2 + 2 g) A control group (0 g of any material) was used to measure the natural changes in the wastewater over time. Water quality parameters—electrical conductivity (EC), turbidity, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD₅), nitrate (NO₃⁻), nitrite (NO₂⁻), and phosphate (PO₄³⁻)—were measured initially and weekly for 28 days following APHA (2017) methods. All data were analyzed using MINITAB 17.0 with two-way ANOVA at a significance level of 0.05.
Results 
The experiment evaluated the effectiveness of Indian almond leaves (Terminalia catappa), bamboo leaves (Bambusa vulgaris), and charcoal as natural filtration materials in aquarium wastewater over a 28-day period. Water quality parameters were monitored on Days 0, 3, 7, 14, 21, and 28 to assess the impact of each treatment compared to a control. By Day 14, partial tearing of the muslin filter bags was observed, which led to changes in parameter trends during the latter part of the study.
[A control group (0 g of any material) was also used to measure the natural changes in the wastewater over time, T1 (Indian almond leaves + Charcoal (2 + 2g)), T2 (Bamboo leaves + Indian almond leaves + Charcoal (1 + 1 + 2g)), T3 (Bamboo leaves + Indian almond leaves + Charcoal (1.6 + 0.4 + 2g)) and T4 (Bamboo leaves + Charcoal (2 + 2g))].
A control group (0 g of any material) was also used to measure the natural changes in the wastewater over time, T1 (Indian almond leaves + Charcoal (2 + 2g)), T2 (Bamboo leaves + Indian almond leaves + Charcoal (1 + 1 + 2g)), T3 (Bamboo leaves + Indian almond leaves + Charcoal (1.6 + 0.4 + 2g)) and T4 (Bamboo leaves + Charcoal (2 + 2g))]
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Figure 01: Electrical conductivity (EC) trends over 28 days for all treatment
· Control: EC increased steadily from 409 µS/cm (Day 0) to 495µS/cm (Day 28).
· T1 (Indian almond + Charcoal): EC decreased from 409µS/cm to 384µS/cm by Day 28.
· T2 (Bamboo + Indian almond + Charcoal): EC decreased to 377µS/cm by Day 28.
· T3 (Bamboo + Indian almond + Charcoal): EC decreased to 378µS/cm.
· T4 (Bamboo + Charcoal): EC decreased to 372µS/cm, demonstrating the strongest effect in controlling ionic content.
Electrical conductivity (EC) in the control steadily increased from 409µS/cm on Day 0 to 495 µS/cm on Day 28, reflecting ion accumulation in untreated wastewater. In treatments, EC remained lower, with Day 14 values of 375µS/cm (T1), 371µS/cm (T2), 366µS/cm (T3), and 362 µS/cm (T4). However, after Day 14, slight increases were observed, likely due to leaf degradation and the release of ions as filter bags began to tear. By Day 28, final EC values were T1 (384 µS/cm), T2 (377 µS/cm), T3 (378 µS/cm), and T4 (372 µS/cm). Statistical analysis indicated significant differences (p < 0.05) between control and treatments, confirming the ability of natural materials to limit ionic accumulation despite the late-stage increase.
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   Figure 02: Turbidity trends over 28 days for all treatment

· Control: Turbidity gradually increased from 22 FAU (Day 0) to 30 FAU (Day 28).
· T1: Decreased to 23 FAU by Day 28
· T2: Turbidity reduced to 15 FAU by Day 28.
· T3: Reduced to 15 FAU by Day 28.
· T4: Reduced to 13 FAU by Day 28.

Turbidity in the control increased steadily from 22 FAU at Day 0 to 30 FAU at Day 28, showing progressive particulate build up. In treatments, turbidity decreased sharply during the first two weeks, reaching lowest levels on Day 14: T1 (11 FAU), T2 (8 FAU), T3 (9 FAU), and T4 (9 FAU). After Day 14, slight increases occurred in all treatments, caused by tearing of bags and leaching of fine leaf particles into the water. By Day 28, turbidity values rose slightly to T1 (23 FAU), T2 (15 FAU), T3 (15 FAU), and T4 (13 FAU), though still significantly lower than the control (p < 0.05).
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  Figure 03: pH trends over 28 days for all treatments
· Control: pH decreased from 5.6 to 5.4 by Day 28.
· T1: pH increased to 7.97
· T2: pH increased to 7.73
· T3: pH reached 7.87
· T4: pH increased to 7.67
· The initial pH was 5.6 across all tanks. The control declined to 5.4 by Day 28 due to acidification from organic matter decomposition. In treatments, pH increased significantly, particularly by Day 14, when values reached 7.68 (T1), 7.67 (T2), 7.57 (T3), and 7.56 (T4). After Day 14, bag tearing introduced decomposing leaf matter, leading to small fluctuations but overall pH stability in the neutral to slightly alkaline range. By Day 28, final values were 7.97 (T1), 7.73 (T2), 7.87 (T3), and 7.67 (T4). Significant differences (p < 0.05) were observed between control and treatments, confirming that natural materials buffered acidity effectively.
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Figure 04:Dissolved Oxygen (DO) trends over 28 days for all treatments
· Control: Decreased from 3.16 to 2.2 mg/L.
· T1: Increased to 3.8 mg/L by day 28
· T2: Increased to 3.7 mg/L by day 28
· T3: Increased to 3.7 mg/L by day 28
· T4: Increased to 3.8 mg/L by day 28
Dissolved oxygen declined in the control from 3.16 mg/L on Day 0 to 2.2 mg/L by Day 28, reflecting microbial oxygen demand. In treated tanks, DO increased notably during the first two weeks, reaching peak values at Day 14: T1 (4 mg/L), T2 (4 mg/L), T3 (4.1 mg/L), and T4 (3.9 mg/L). After bag tearing, some treatments experienced slight reductions due to decomposition by products, though DO remain higher than in the control. By Day 28, values were 3.8 mg/L (T1), 3.7 mg/L (T2), 3.7 mg/L (T3), and 3.8 mg/L (T4). Differences were significant (p < 0.05).
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Figure 05: Biochemical Oxygen Demand (BOD) trends over 28 days for all treatments
· Control: Increased to 3.8 mg/L by Day 28.
· T1: Decreased to 2.3 mg/L.
· T2: Decreased to 2.2 mg/L.
· T3: Decreased to 2.3 mg/L.
· T4: Decreased to 2.1 mg/L
In the control, BOD rose from 2.72 mg/L to 3.8 mg/L by Day 28, indicating increased organic pollution. In treatments, BOD declined sharply during the first 14 days, reaching 2mg/L (T1), 2 mg/L (T2), 2mg/L (T3), and 2mg/L (T4). However, after Day 14, partial bag tearing allowed fine particles and decomposing leaf matter to enter the water, causing slight increases in BOD. By Day 28, BOD values stabilized at 2.3 mg/L (T1), 2.2 mg/L (T2), 2.3 mg/L (T3), and 2.1 mg/L (T4). Statistical analysis confirmed significant reductions compared to the control (p < 0.05).
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Figure 06: Nitrate (NO₃⁻) trends over 28 days for all treatment
· Control: Increased from 99.29 to 118.3 mg/L.
· T1: Reduced to 70 mg/L.
· T2: Reduced to 50 mg/L.
· T3: Reduced to 45 mg/L.
· T4: Reduced to 40.29 mg/L
Nitrate in the control increased from 99.29 mg/L to 118.3 mg/L, showing continuous nutrient buildup. In treatments, nitrate decreased substantially during the first two weeks, with lowest values recorded on Day 14: T1 (50 mg/L), T2 (35 mg/L), T3 (30 mg/L), and T4 (25 mg/L). After Day 14, slight increases occurred due to leaf breakdown and organic release, but final concentrations remained much lower than the control: T1 (70 mg/L), T2 (50 mg/L), T3 (45 mg/L), and T4 (40.29 mg/L). Significant differences (p < 0.05) confirmed the nitrate removal efficiency of natural filter materials.
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Figure 07: Nitrite (NO₂⁻) trends over 28 days for all treatments
· Control: Slightly decreased from 0.199 to 0.14 mg/L.
· T1: Reduced to 0.115 mg/L by day 28
· T2: 0.122 mg/L by day 28
· T3: 0.114 mg/L by day 28
· T4: 0.103 mg/L by day 28
In the control, nitrite decreased slowly from 0.199 mg/L to 0.14 mg/L. Treated groups showed faster reductions, with lowest values observed by Day 14: T1 (0.096 mg/L), T2 (0.141 mg/L), T3 (0.151 mg/L), and T4 (0.16 mg/L). After Day 14, small increases were observed due to leaf degradation and bag tearing, but values remained lower than the control. By Day 28, concentrations were T1 (0.115 mg/L), T2 (0.122 mg/L), T3 (0.114 mg/L), and T4 (0.103 mg/L). Treatments were significantly different from control (p < 0.05).
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   Figure 08: Phosphate (PO₄³⁻) trends over 28 days for all treatments
· Control: Slight increase from 0.618 to 0.69 mg/L.
· T1: Reduced to 0.363 mg/L.
· T2: 0.268 mg/L.
· T3: 0.315 mg/L
· T4: 0.274 mg/L.
Phosphate in the control increased slightly from 0.618 mg/L to 0.69 mg/L. Treatments reduced phosphate strongly during the first two weeks, with minimum values at Day 14: T1 (0.155 mg/L), T2 (0.152 mg/L), T3 (0.127 mg/L), and T4 (0.171 mg/L). After Day 14, small increases occurred due to decomposition and nutrient release from damaged bags. Final values at Day 28 were 0.363 mg/L (T1), 0.268 mg/L (T2), 0.315 mg/L (T3), and 0.274 mg/L (T4). Significant differences (p < 0.05) were observed, with T3 being the most effective.




Overall Observations
Natural filter materials effectively improved aquarium wastewater quality across all parameters, especially during the first two weeks of treatment. The tearing of filter bags after Day 14 led to minor fluctuations in water quality trends due to the release of fine particles and organic matter, but the overall effectiveness of treatments remained high. Among treatments, T4 was most effective in reducing nitrate, T1 in lowering nitrite, and T3 in phosphate removal. These results confirm that Indian almond leaves, bamboo leaves, and charcoal provide a sustainable and eco-friendly approach to aquarium wastewater treatment.
DISCUSSION
This study evaluated the efficiency of natural filtration materials Indian almond leaves (Terminalia catappa), bamboo leaves (Bambusa vulgaris), and charcoal in improving aquarium wastewater quality. The results were analyzed treatment-wise and compared across sampling days to determine the performance of different filter combinations. Statistical analysis revealed significant differences among treatments and the control (p < 0.05), confirming that the selected natural materials had measurable effects on water quality.
Electrical Conductivity (EC)
Electrical conductivity (EC) in the control increased continuously from 409µS/cm on Day 0 to 495 µS/cm by Day 28, indicating ion accumulation in untreated wastewater. In contrast, treatments limited this increase: T1 (384µS/cm), T2 (377µS/cm), T3 (378µS/cm), and T4 (372 µS/cm). The strongest stabilization was observed in T4 (bamboo + charcoal). The differences were statistically significant (p < 0.05). These results suggest that the natural materials, particularly bamboo and charcoal, adsorbed dissolved ions and buffered ionic strength. Since no CEA guideline exists for EC, reductions mainly highlight improved stability for aquatic environments. Similar stabilization of EC by plant-based filters was reported by (Vymazal (2011)), confirming the potential of organic matter to regulate ionic content.
Turbidity
Turbidity in the control increased from 22 FAU (Day 0) to 30 FAU (Day 28) due to suspended particle accumulation. All treatments reduced turbidity significantly (p < 0.05). T4 achieved the greatest reduction, reaching 13 FAU by Day 28, while T2 and T3 stabilized at 15 FAU, and T1 remained higher at 23 FAU. The most rapid improvement was seen within the first 14 days, after which turbidity slightly increased, likely due to filter bag tearing and decomposition of leaf material. Although turbidity has no specific CEA standard, the observed clarity improvement indicates better visual water quality and lower particulate load. Previous studies also highlight bamboo leaves and charcoal as effective flocculants and adsorbents for suspended solids (Singh et al., (2011); Gupta &Suhas,(2009)).
pH
The pH of untreated water decreased slightly in the control from 5.6 to 5.4 by Day 28, reflecting acidification from organic decomposition. In contrast, all treatments increased pH, stabilizing between 7.67 and 7.97 by Day 28. T1 achieved the highest value (7.97), followed closely by T3 (7.87). These results demonstrate that natural materials, particularly Indian almond leaves and charcoal, buffered the water and neutralized acidity. All treated pH values remained within the CEA guideline range (6.0–8.5). Statistical analysis confirmed significant differences (p < 0.05). That tannins and humic substances in Indian almond leaves can regulate water acidity (Karthik et al. (2013)).
Dissolved Oxygen (DO)
DO in the control declined sharply from 3.16 mg/L to 2.2 mg/L by Day 28, indicating oxygen depletion due to microbial activity. Treatments improved DO levels: T1 (3.8 mg/L), T2 (3.7 mg/L), T3 (3.7 mg/L), and T4 (3.8 mg/L) on Day 28. However, none reached the CEA minimum of 5 mg/L, highlighting a limitation of the filter design. Improvements were most notable during the first 14 days, with declines thereafter likely due to filter bag degradation and increased microbial oxygen consumption. Those natural filters reduce but cannot completely restore oxygen balance without active aeration. . (Vymazal (2011)).
Biochemical Oxygen Demand (BOD₅)
BOD in the control increased from 2.72 mg/L to 3.8 mg/L, showing higher organic loading. Treatments reduced BOD significantly (p < 0.05). By Day 28, values were lowest in T4 (2.1 mg/L), followed by T2 (2.2 mg/L), T3 (2.3 mg/L), and T1 (2.3 mg/L). All remained far below the CEA maximum (30 mg/L). The strongest reductions occurred during the first two weeks, after which slight increases reflected filter degradation. Charcoal’s strong adsorption capacity likely contributed to the observed reductions (Gupta & Suhas, (2009)).
Nitrate (NO₃⁻)
Nitrate concentrations in the control rose steadily from 99.29 mg/L to 118.3 mg/L. Treatments significantly reduced nitrate (p < 0.05), with T4 showing the greatest effect (40.29 mg/L), followed by T3 (45 mg/L), T2 (50 mg/L), and T1 (70 mg/L). All treated values remained below the CEA maximum (150 mg/L). Reductions were most prominent by Day 14, after which slight increases were observed, again linked to filter bag tearing. Bamboo leaves’ fibrous structure and charcoal adsorption explained T4’s superior performance (Chen et al., (2018)).
Nitrite (NO₂⁻)
Nitrite declined slowly in the control (0.199 to 0.14 mg/L). In treatments, reductions were greater: T1 (0.115 mg/L), T2 (0.122 mg/L), T3 (0.114 mg/L), and T4 (0.103 mg/L) by Day 28. Although the CEA does not provide a standard for nitrite, values close to <0.1 mg/L are ideal for aquatic life. T4 nearly reached this threshold, while T1 and T3 also showed strong reductions. That leaf based filters enhance microbial pathways that reduce nitrite accumulation (Gawai et al. (2020)).
Phosphate (PO₄³⁻)
Phosphate increased slightly in the control (0.618 to 0.69 mg/L). Treatments significantly reduced phosphate (p < 0.05). By Day 28, T3 had the lowest value (0.108 mg/L), followed by T2 (0.156 mg/L), T4 (0.128 mg/L), and T1 (0.175 mg/L). All remained well below the CEA maximum (5 mg/L). The rapid decline during the first two weeks demonstrated strong adsorption and binding capacity, particularly in the T3 combination of bamboo, Indian almond leaves, and charcoal. That activated carbon and biomass mixtures enhance phosphate adsorption.

Treatment Effectiveness and Filter Bag Durability
The natural filter materials demonstrated their highest efficiency during the first 14 days of the experiment. Before filter bag tearing, almost all parameters showed steady improvement. Electrical conductivity stabilized, turbidity decreased sharply, pH increased into the optimum range, DO improved, and BOD and nutrient concentrations (nitrate, nitrite, phosphate) declined consistently. These improvements were attributed to the adsorption and binding capacity of charcoal, tannins from Indian almond leaves, and the fibrous matrix of bamboo leaves, which collectively enhanced water purification. Similar rapid improvements in the early phase of natural filter use were also reported by Gupta and Suhas (2009) and Vymazal (2011).
However, after Day 14, slight deteriorations were observed in several parameters due to filter bag tearing and partial degradation of the leaf materials. The damaged muslin bags released fine particles and decomposed leaf matter back into the water, increasing turbidity and reducing overall filter stability. Nutrient levels such as nitrate and phosphate showed secondary increases after Day 14, though they remained significantly lower than in the control. DO also declined slightly after peaking in the second week, as microbial decomposition of degraded filter materials consumed oxygen. BOD values, while still low, rose marginally compared to Day 14, reflecting the reintroduction of organic matter from the torn bags.
Despite these issues, the treatments still outperformed the control, demonstrating that even with degradation; the filters maintained a net positive effect on water quality. T4 (bamboo + charcoal) remained most effective for nitrate and nitrite control, while T3 (bamboo + Indian almond + charcoal) consistently outperformed others for phosphate removal. T1 continued to show strong nitrite reduction but was less efficient for turbidity and nitrate compared to the other treatments.

Conclusion 
This study demonstrates that bamboo leaves, Indian almond leaves, and charcoal, either individually or in combination, can significantly improve aquarium wastewater quality, particularly during the first two weeks of use. Compared to Sri Lankan CEA water quality standards, most treated parameters fell within acceptable ranges, confirming that this eco- friendly approach can serve as a sustainable, biodegradable, and affordable alternative to synthetic filters for household aquaculture and aquarium wastewater treatment.
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