[bookmark: _Hlk207437918]Natural Biomass Adsorbents from Seaweed and Coconut Fiber for Weaving Wastewater Treatment: A Study on TDS, TSS, and Color Reduction

Cokorda Dewi Widhya Hana Sundari 1*, Ida Ayu Made Sri Arjani 1, I Wayan Karta 1 , Surya Natallia Bryan1   
1 Department of Medical Laboratory Technology, Poltekkes Kemenkes Denpasar
Corresponding author: cokdewi69@gmail.com

Abstract

The weaving industry generates wastewater containing high levels of suspended solids, dissolved solids, and synthetic dyes that can threaten aquatic ecosystems if discharged untreated. This study investigates the effectiveness of seaweed and coconut husk powder as combined adsorbents for improving weaving wastewater quality in Nusa Penida, Bali. Three treatment variations (V1, V2, and V3) were applied, while untreated wastewater served as the control. Key parameters measured included Total Suspended Solids (TSS), Total Dissolved Solids (TDS), and color, using standard water quality assessment methods. Results showed that treatment V3 provided the highest pollutant removal efficiency. TSS decreased significantly from 72.89 mg/L in the control to 14.78 mg/L after V3 treatment, while color values reduced drastically from 2202.6 TCU to 235.61 TCU. TDS also exhibited notable reductions, confirming the strong adsorption capacity of the combined materials. The superior performance of V3 suggests that the optimal ratio of seaweed and coconut husk powder enhances binding capacity and surface interaction with pollutants. Compared to conventional treatments, this method is cost-effective, environmentally friendly, and utilizes locally abundant resources, making it highly suitable for small-scale industries. Overall, the study demonstrates the potential application of natural adsorbents as a sustainable solution for weaving wastewater management, while further research is recommended to optimize large-scale application and evaluate reusability of the adsorbents.
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INTRODUCTION
The weaving industry is a vital part of Bali’s cultural heritage and local economy, particularly in regions like Nusa Penida (Amir, 2017). Beyond its economic value, weaving also sustains local traditions and provides livelihoods for many households. However, this industry generates wastewater containing pollutants such as Total Dissolved Solids (TDS), Total Suspended Solids (TSS), and synthetic dyes (Abdel-fatah, 2023). These pollutants pose a risk to local water sources, potentially disrupting ecosystems and affecting the health of nearby communities (Sundari et al., 2024). Without proper treatment, weaving wastewater may reduce water quality, harm aquatic organisms, and limit the usability of natural water resources (Islam et al., 2025). As weaving activities increase, so does the demand for sustainable and affordable wastewater treatment solutions that can mitigate the impact of these pollutants (Biyada & Urbonavičius, 2025). Therefore, immediate action is required to prevent long-term ecological damage and safeguard community well-being.
Traditional wastewater treatment methods, while effective, are often costly and require extensive infrastructure, making them less accessible for small-scale weaving industries. Many small weaving enterprises operate with limited financial resources, meaning high-tech or chemical-based treatments are not feasible for long-term use. Consequently, interest in natural adsorbents has grown as a more feasible solution for such industries. Natural adsorbents are known for their abundance, low cost, and environmental compatibility (Liu et al., 2024). By exploring natural materials, researchers aim to identify alternative methods that can deliver effective results with minimal environmental impact, thus aligning with the goals of sustainable industry practices. This shift also responds to the urgent need for circular economy approaches, where waste products and natural resources are repurposed effectively.
Seaweed and coconut fiber are promising natural adsorbents due to their unique properties. Seaweed contains polysaccharides that offer excellent adsorption capabilities, particularly for organic dyes commonly found in textile wastewater (Sundari et al., 2024). Furthermore, seaweed is abundant in coastal areas like Nusa Penida, making it an easily accessible local material. Additionally, coconut fiber possesses a naturally porous structure (Yadav et al., 2024), making it effective in trapping suspended solids and reducing TSS levels. Since coconut husks are often discarded as agricultural waste, their use as adsorbents provides added value and reduces environmental disposal problems (Abdul Rahim et al., 2021). Using a combination of these two materials could potentially enhance the overall effectiveness of wastewater treatment by simultaneously reducing TDS, TSS, and color in weaving wastewater. This integrated approach offers not only technical benefits but also economic and environmental advantages for rural communities.
The goal of this study is to evaluate the effectiveness of a combined seaweed and coconut fiber adsorbent in treating wastewater from weaving industries in Nusa Penida. Focusing on TDS, TSS, and color as key parameters, this research aims to assess whether these natural adsorbents can provide an affordable, environmentally friendly solution for small-scale weaving operations. The findings are expected to generate practical insights for developing low-cost wastewater management systems that can be easily applied at the community level. If proven effective, this method could be adopted more widely, offering local businesses an accessible way to improve wastewater management. Moreover, the study highlights the importance of utilizing locally available natural resources as part of sustainable development strategies.
Ultimately, this study seeks to contribute to sustainable industrial practices in Bali and beyond. By demonstrating the feasibility of natural adsorbents for wastewater treatment, it aligns with the broader goals of environmental conservation and responsible industry. Such innovations not only support ecological protection but also enhance the resilience of local economies that depend on small-scale industries. This research not only provides practical insights for the weaving industry but also highlights the potential of natural resources to play a critical role in addressing pollution from small-scale industries. In the long run, integrating environmentally friendly wastewater solutions can help balance industrial growth with the preservation of cultural and natural heritage. 
METHOD
The research employed a True Experimental approach with a Posttest Only Control Group Design. This design aims to assess the treatment's impact on the experimental group by comparing results with those from a control group.
Preparation of Seaweed Powder (SWP) and Coconut Husk Powder (CHP)
Seaweed and coconut husk sourced from Nusa Penida were thoroughly cleaned to remove any impurities. The cleaned materials were then sun-dried for two days. After drying, the seaweed and coconut husk were cut into small pieces or blended, followed by sieving through a 300 µm mesh. The granulated materials were further dried in an oven at 105°C. Once fully dried, they were stored in a desiccator, ready for use as adsorbent media. Additional filtration media, including coconut shell charcoal, zeolite stones, and silica sand, were also prepared for the filtration process.
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Each filtering and adsorbent medium was arranged as illustrated in Figure 1, with specific placements tailored to the different media used.
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Figure 1. Filtration and adsorption tank model with combined SWP and CHP adsorbents (Sundari et al., 2024)
Filtration and Adsorption Process
A 10-liter sample of wastewater is first added to the experimental tank. The sample is then aerated for 30 minutes to improve the treatment process. Following aeration, the wastewater flows through the adsorption and filtration pipes. After completing these processes, the treated wastewater is collected for quality assessment. Both untreated (control, Vo) and treated samples are sent to the Panureksa Laboratory in Denpasar for analysis. The final quality evaluation focuses on measuring TDS, TSS, and color parameters of the wastewater. 
Statistical analysis
Data analysis was conducted using Microsoft Excel (2010) and the Statistical Package for the Social Sciences (SPSS; version 23). A one-way ANOVA was applied to evaluate the experimental results, with a significance threshold set at a p-value of < 0.05.
RESULTS 
[image: ]The effectiveness of combining seaweed powder and coconut fiber with different composition variations led to changes in TDS, TSS and color, as shown in Figure 2, Figure 3, Figure 4. The results of the One-Way ANOVA statistical test, which highlight significant differences between the treatments, are presented in Table 1. 




















Figure 2. TDS in Cepuk Weaving Liquid Waste Using Various Treatment Methods with Combined Seaweed and Coconut Husk Powder Adsorbents
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[bookmark: _Hlk178332956]Figure 3. TSS in Cepuk Weaving Liquid Waste Using Various Treatment Methods with Combined Seaweed and Coconut Husk Powder Adsorbents
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Figure 4. Color in Cepuk Weaving Liquid Waste Using Various Treatment Methods with Combined Seaweed and Coconut Husk Powder Adsorbents





Table 1 Results of the One Way ANOVA statistical test for each treatment
	Treatments
	Sig value (95% confidence interval, α = 0.05)

	
	TDS
	TSS
	Color

	Vo - V1
	0.001
	0.000
	0.000

	Vo - V2
	0.000
	0.000
	0.000

	Vo - V3
	0.000
	0.000
	0.000

	V1 - V2
	0.330
	0.217
	0.058

	V1 - V3
	0.016
	0.032
	0.150

	V2 - V3
	0.142
	0.347
	0.573



DISCUSSION 
The results of this study demonstrate that the combination of seaweed powder (SWP) and coconut fiber powder (CFP) significantly improved the quality of weaving wastewater, particularly in reducing TDS, TSS, and color. The adsorption-filtration tank model (Figure 1) provided an effective configuration for maximizing the contact surface between wastewater and natural adsorbents. By arranging the two materials in layers, the model enabled both physical filtration and chemical adsorption to occur simultaneously, creating a synergistic effect. This design mirrors conventional multi-stage treatment processes but utilizes low-cost, locally available resources.
Effect on Total Dissolved Solids (TDS)
As shown in Figure 2, TDS levels in weaving wastewater were significantly reduced across all treatments, with V3 achieving the highest reduction compared to the control. This finding confirms the strong adsorption potential of the seaweed–coconut fiber combination. TDS represents dissolved inorganic salts, small organic molecules, and soluble dye residues in wastewater, which can increase water salinity, reduce light penetration, and impair aquatic ecosystems if not properly treated (Pushpalatha et al., 2022). High TDS levels are also problematic for human use, as they affect taste, scaling in pipes, and overall water quality standards (Akcaalan et al., 2022). Seaweed contributed substantially to TDS reduction due to its content of polysaccharides such as alginate, carrageenan, and agar, which carry negatively charged groups (carboxyl and sulfate) (Mamede et al., 2023). These functional groups act as ion-exchange sites, allowing seaweed to bind positively charged ions like calcium, magnesium, or dye cations (Sharma et al., 2025). Polysaccharide-based adsorbents are particularly effective for binding dissolved salts and dye molecules (Ortiz-Martínez et al., 2024), which explains the sharp reduction in TDS observed in this study.

Meanwhile, coconut fiber, with its lignocellulosic structure composed of cellulose, hemicellulose, and lignin, offers hydroxyl groups that interact with dissolved organic compounds and ions (Abolore et al., 2024). Its porous structure also increases surface area, providing more adsorption sites (Chukwu et al., 2022). The complementary action of seaweed’s chemical binding and coconut fiber’s physical-chemical adsorption results in the superior TDS reduction found in V3. The statistical analysis (Table 1) further validates these results. Significant differences (p < 0.05) were observed between the control and all treatments, demonstrating the consistent ability of the adsorbents to reduce dissolved solids. The difference between V1 and V3 (p = 0.016) highlights that increasing the proportion of adsorbents, especially seaweed, enhances TDS removal efficiency. This supports the Langmuir adsorption model, which states that adsorption capacity increases with greater availability of active binding sites until equilibrium is reached(Amaechi et al., 2024).
These results are consistent with earlier studies. Alginate-based composites achieved notable TDS reductions in textile effluents(Zdiri et al., 2022), while Sahu et al. (2019) observed that lignocellulosic fibers effectively captured dissolved organics(Hasan et al., 2022). Compared to chemical treatments like coagulation–flocculation, the seaweed–coconut fiber adsorbent system offers a more eco-friendly alternative, as it does not require added chemicals or produce large amounts of sludge. Overall, the results highlight that the seaweed–coconut fiber combination is not only effective but also sustainable for reducing TDS in weaving wastewater. By lowering dissolved pollutant concentrations, this approach improves water quality and supports safe reuse or discharge, which is essential for small-scale weaving industries in Bali that lack advanced treatment infrastructure.
Effect on Total Suspended Solids (TSS)
The findings in Figure 3 show that TSS levels in weaving wastewater decreased significantly after treatment with seaweed and coconut fiber, with the most notable result in V3 (14.78 mg/L from 72.89 mg/L in the control). High TSS in wastewater is problematic because it increases turbidity, reduces light penetration, and may carry pathogens or toxic substances(Adjovu et al., 2023). Thus, reducing TSS is essential for both ecological balance and wastewater quality improvement. Coconut fiber was particularly effective due to its fibrous and porous structure, which physically trapped suspended particles. Its lignocellulosic composition provides a rough surface area for adsorption and attachment of solids(Jakka et al., 2023). Seaweed, meanwhile, complemented this role by promoting the aggregation of colloidal particles through its negatively charged sulfate and carboxyl groups, enhancing overall TSS removal.
The statistical results in Table 1 confirm significant differences between control and treated samples (p = 0.000). However, differences between V2 and V3 were not statistically significant (p = 0.347), suggesting that TSS removal approaches a plateau at higher adsorbent doses. This observation aligns with adsorption isotherm principles, where efficiency declines as available binding sites become saturated. These findings are consistent with studies that natural fibers and agricultural biomass effectively reduce suspended solids in textile effluents(Dungani et al., 2016)(Chaurasia et al., 2023). Compared with chemical coagulants, the seaweed–coconut fiber combination is cheaper, biodegradable, and environmentally friendly, making it a practical solution for small-scale weaving industries in Nusa Penida.
Effect on Color
The results in Figure 4 reveal that color intensity in weaving wastewater was drastically reduced after treatment, with V3 showing the most significant improvement (from 2202.6 TCU in the control to 235.61 TCU). High color levels in textile effluents are mainly caused by synthetic dyes, which are often resistant to biodegradation and may persist in aquatic environments, reducing light penetration and harming aquatic ecosystems(Azanaw et al., 2022). Effective color removal is therefore a crucial indicator of successful wastewater treatment. Seaweed played a major role in dye removal due to the presence of polysaccharides such as alginate and carrageenan, which contain negatively charged carboxyl and sulfate groups. These groups can bind cationic dye molecules through electrostatic attraction, enhancing adsorption efficiency(Elgarahy et al., 2021). At the same time, coconut fiber contributed by physically entrapping insoluble dye particles within its porous structure(Mishra & Basu, 2020). This dual mechanism explains the much higher performance of the combined adsorbent, particularly in V3.
The statistical analysis presented in Table 1 confirms that differences between the control and all treatments were highly significant (p = 0.000). Interestingly, the differences between V1, V2, and V3 were less pronounced (p > 0.05 in some comparisons), suggesting that even small additions of adsorbents can substantially reduce color. However, the lowest levels achieved in V3 indicate that an optimal adsorbent composition provides the most consistent and effective results. These findings are in line with previous research. Seaweed biomass achieved dye removal in synthetic wastewater(Soares Dias et al., 2025) and the role of lignocellulosic materials such as coconut fiber in reducing chromatic pollutants (Etale et al., 2023). Compared with conventional methods like chemical coagulation or activated carbon, natural adsorbents provide a more sustainable option, particularly for small-scale weaving industries in Bali. By reducing color efficiently, this method supports both environmental protection and sustainable cultural industries.
The combination of coconut husk powder and seaweed powder is effective in improving TDS, TSS, and color in Cepuk weaving wastewater due to the unique adsorption properties of each component. Coconut husk powder contains lignocellulosic fibers(Vieira et al., 2024), which have a high surface area and functional groups that bind with contaminants, particularly organic and inorganic particles(Vasić et al., 2023). This structure allows coconut husk powder to trap suspended solids and reduce TSS levels significantly(Sabara et al., 2022). The natural porosity of coconut fibers enhances this adsorption, making it a suitable material for capturing fine particles in wastewater(Jang, 2023).
Seaweed powder complements coconut husk by introducing specific bioactive compounds, such as polysaccharides (e.g., alginates), which are known to interact with various metal ions and organic pollutants(Trica et al., 2019). These compounds form complexes with contaminants, effectively reducing the levels of dissolved solids and helping to lower TDS in the wastewater. Additionally, seaweed has natural gelling properties that improve the coagulation and flocculation processes(Hentati et al., 2020), binding smaller particles into larger aggregates that can be more easily removed from the liquid phase(Tsoutsa et al., 2024).
Color removal in the weaving wastewater is also aided by the presence of phenolic compounds in seaweed, which are known for their ability to bind with dyes and pigments(Arumugam et al., 2018). The natural coloration in weaving wastewater, often due to dye residues, can be effectively reduced as the phenolic groups in seaweed interact with dye molecules, breaking down or trapping the colorants. Meanwhile, the lignin content in coconut husk further enhances this color removal by providing additional adsorption sites, creating a synergistic effect with the seaweed components(Thamer et al., 2023).
Together, the combination of seaweed and coconut husk powder forms an efficient, eco-friendly adsorbent system that improves the quality of Cepuk weaving wastewater. This combination not only reduces TDS and TSS but also significantly lowers color, contributing to a cleaner effluent. By using locally available and sustainable materials, this approach presents an effective solution for industrial wastewater treatment, reducing the environmental impact and enhancing wastewater management practices in the textile industry. Overall, this study demonstrates that the combination of seaweed and coconut fiber as adsorbents effectively reduces TDS, TSS, and color intensity in wastewater from the weaving industry. The 40 cm adsorbent thickness proved to be the most effective among the variations tested, highlighting the potential of seaweed and coconut fiber as an environmentally friendly and economical solution for wastewater treatment, particularly for small industries in areas like Nusa Penida, which have easy access to these natural resources. Thus, these findings support the implementation of sustainable, locally sourced natural-resource-based wastewater treatment technologies that also reduce pollution from the weaving industry. The adoption of this method is expected to offer a more affordable and practical alternative compared to conventional wastewater treatment methods.

CONCLUSION
The findings of this study confirm that the combination of seaweed powder and coconut fiber powder is an effective natural adsorbent for treating weaving wastewater in Nusa Penida, Bali. Significant improvements were observed across all parameters, with treatment V3 consistently providing the highest removal efficiency. Total Dissolved Solids (TDS) decreased substantially, demonstrating the strong ion-binding capacity of seaweed polysaccharides and the complementary adsorption properties of coconut fiber. Total Suspended Solids (TSS) were also markedly reduced, highlighting the ability of coconut fiber to entrap particulate matter while seaweed enhanced colloidal removal. 
Furthermore, color intensity dropped drastically, indicating the synergistic effect of electrostatic dye binding by seaweed and physical trapping by coconut fiber. These outcomes underscore the potential of integrating locally available biomass into sustainable wastewater treatment practices. Compared to conventional methods, this approach is low-cost, environmentally friendly, and highly relevant for small-scale weaving industries with limited resources. Taken together, the results provide strong evidence that seaweed and coconut fiber can serve as practical and eco-friendly alternatives for industrial effluent treatment, while further studies on adsorption kinetics, regeneration potential, and large-scale applications are recommended to enhance future implementation. 
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