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ABSTRACT 

	Aims: This study aims to evaluate the effectiveness of the Wastewater Treatment Plant (WWTP) in managing shrimp pond wastewater in Tasikmalaya based on physical and chemical parameters.
Study design: A non-experimental design using a survey approach was applied through in situ field measurements and ex situ laboratory analysis. Water samples were collected in triplicate from four sampling stations.
Place and Duration of Study: The study was conducted at an intensive shrimp (Litopenaeus vannamei) culture facility in Tasikmalaya Regency, West Java, Indonesia. Sampling was performed at four stations (inlet, pond, WWTP, and outlet) during three cultivation phases between November 2024 and March 2025.
Methodology: Samples were collected during three different shrimp cultivation phases and analyzed for temperature, brightness, total suspended solids (TSS), biological oxygen demand (BOD), dissolved oxygen (DO), pH, ammonia, and phosphate. Statistical analysis using one-way ANOVA (α=0.05) was performed to evaluate differences between stations.
Results: The WWTP showed high efficiency in reducing ammonia (92%) and moderate efficiency for TSS (41%), while reductions in BOD (17%), phosphate (13%), and pH (5%) were relatively low. The increase in DO was only 12%, and temperature and brightness at the outlet did not meet the seawater quality standards.
Conclusion: The probiotic-enhanced WWTP effectively reduces nitrogenous pollution, particularly ammonia, through biological nitrification by Nitrosomonas and Nitrobacter species. However, the system requires optimization including: (1) enhanced aeration capacity to increase DO levels for improved BOD degradation, (2) implementation of anaerobic-aerobic zones for biological phosphate removal, (3) extended hydraulic retention time, and (4) addition of chemical precipitation for phosphate control before discharge into natural waters.
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1. INTRODUCTION 

Shrimp pond culture, known locally as tambak, has deep historical roots in Indonesia. The term tambak derives from the Javanese word nembok, meaning "to build a dam". These ponds were originally constructed in intertidal zones to hold seawater for farming aquatic organisms (Murtidjo, 1989; Sudarmo, 1992). Over time, they have evolved to support the cultivation of commercially important species, particularly milkfish and the white leg shrimp Litopenaeus vannamei.
Two primary production systems dominate Indonesian shrimp aquaculture. Small-scale farmers predominantly employ the extensive system, which relies on natural conditions with minimal management inputs and yields only 50-500 kg per hectare per cycle (Kordi, 2010). Conversely, the intensive system demands higher investment, increased production inputs and stocking density (Diatin et al., 2008). Despite the shift towards intensification aimed at boosting productivity, national production of L. vannamei declined from 768,834.05 tons in 2021 to 731,253.15 tons in 2022 (KKP, 2024). This decline highlights persistent challenges in sustaining intensive shrimp farming operations.
A major challenge facing intensive shrimp pond aquaculture is the accumulation of waste derived from uneaten feed, shrimp feces and dead plankton (Nguyen & Maeda, 2015). Approximately 15% of feed remains unconsumed, contributing to elevated nutrient loads such as ammonia and phosphate, high total suspended solids (TSS) and sedimentation at the pond bottom (Hossain et al., 2016). The resulting effluent exhibits elevated Biological Oxygen Demand (BOD) and fluctuating pH levels. These conditions degrade water quality, reduce dissolved oxygen and increase nitrite toxicity, leading to physiological stress in cultured shrimp—including compromised immunity and increased mortality (Aini & Parmi, 2022). Beyond the immediate impacts on shrimp health, untreated effluents pose significant environmental hazards including eutrophication, soil contamination and altered benthic community structure.
To mitigate these adverse effects, the implementation of Wastewater Treatment Plants (WWTPs) in intensive shrimp pond systems has become increasingly important. Typical treatment trains include sedimentation to remove suspended solids, aeration to improve oxygenation and degrade organic load via microbial activity, and equalization ponds planted with seaweed and stocked with fish as bioindicators before discharge. However, despite full implementation of WWTPs in some farms, empirical evaluations of their efficiency in intensive shrimp pond systems remain limited. There is insufficient evidence demonstrating the actual pollutant reduction efficiency of these treatment systems under operational conditions.
Therefore, this study aims to evaluate the effectiveness of WWTPs in reducing pollutant concentrations in intensive shrimp pond effluents in Tasikmalaya Regency, Indonesia, based on key physical and chemical water-quality parameters. The results are expected to contribute to the development of sustainable shrimp aquaculture practices and improved environmental protection strategies.

2. materialS and methods 

2.1 Time and Place of Research
The study was conducted from November 2024 to March 2025 and will take place in Tasikmalaya at several stations. The water samples that were taken were then analyzed ex situ at the Water Resources Management Laboratory, Faculty of Fisheries and Marine Sciences, Padjadjaran University, and the Central Laboratory of Padjadjaran University, and several other parameters were measured and assessed directly at the sampling location in situ. The research location is at the ponds owned by PT. Bagja Barokah Serarea (BBS).

2.2 Materials
The main materials used are water samples of 1,000 ml, cool gel, O₂ reagent, MnSo₄, H₂so₄, thiosulfat, 1% amylum indicator solution, siegnette solution, nessler solution, sncl₂ solution, nh₄-molibdat, tissue, and distilled water. The tools used in this study were sample bottles, dropper pipettes, ph meter, thermometer, stationery, mobile phone, secchi disk, cool box, do meter, labels, long dipper, winkler bottles, measuring cylinder, pipettes, beaker glass, burette, erlenmeyer flask, volume pipette, whatman filter paper, bod incubator, spectrophotometer, test tubes, and funnel.

2.3 Research Design
This study employed a non-experimental design using a survey approach through direct field measurements (in situ) and laboratory analysis (ex situ). Primary data for this research was collected from an intensive shrimp culture unit located in the Tasikmalaya region. Data obtained from the survey activities were presented descriptively and comparatively. Sampling locations were determined using purposive sampling, considering functional differences among the inlet, pond, wastewater treatment plant (WWTP), and outlet points. Sampling  refers  to  SNI  No.  6989-59-2008  Water  and  Wastewater. Sampling was performed three times at different cultivation phases based on the Days of Culture (DOC): the first replicated at DOC 20–30, the second at DOC 60–70, and the third at DOC 110–120 (the harvest phase). These replicates aimed to capture variations that may occur due to differences in feeding intensity and type during the cultivation period. A general overview of the station's location map can be seen in Figure 1.
[image: ]
Fig. 1. Station location map
Description: 
Station 1: Inlet
Station 2: Shrimp Pond
Station 3: Wastewater Treatment Plant (WWTP)
Station 4: Outlet.

Primary data collected included water quality parameters measured at each sampling point. Physical parameters (temperature and clarity) and chemical parameters (pH and Dissolved Oxygen/DO) were measured in situ using a thermometer, Secchi disk, pH meter, and DO meter. Laboratory analyses were conducted to determine Biochemical Oxygen Demand (BOD) using the Winkler method, ammonia using the Nessler method, and phosphate using spectrophotometry with SnCl2 as a reducing agent and NH4 molybdate as a molybdate ion source. Water samples (1,000 mL) were collected using a long dipper, stored in a cool box, and transported to the laboratory for analysis.

2.4 Observation Parameter
[bookmark: _GoBack]Table 1.       Water Quality Parameters
	No.
	Parameter
	Unit
	Analysis Method
	Observation Location

	1
	Temperature
	°C
	Thermometry
	PT BBS

	2
	Brightness
	(m)
	Secchi disk
	PT BBS

	3
	TSS
	(mg/L)
	Gravimetry
	Laboratory

	4
	BOD
	(mg/L)
	Iodometry
	Laboratory

	5
	DO
	(mg/L)
	Potentiometric
	PT BBS

	6
	pH
	
	Potentiometric
	PT BBS

	7
	Ammonia
	(mg/L)
	Spectrophotometric
	Laboratory

	8
	Phosphate
	(mg/L)
	Spectrophotometric
	Laboratory



2.5 Data Analysis
The data generated in the analysis will be analyzed using descriptive comparative methods with ANOVA calculations, presented in tables and graphs. Subsequently, the measurement data obtained will be compared with Government Regulation of the Republic of Indonesia Number 22 of 2021 and Minister of Environment Regulation Number 1 of 2025.
3. results and discussion

3.1 Physical and Chemical Parameters
The physical water quality parameters measured during the study included temperature, brightness, and TSS. The chemical parameters in this study included BOD, DO, pH, and ammonia. The results of the physical and chemical water quality measurements are presented in Table 2.

Table 2.       Physical and Chemical Parameters

	PARAMETER
	
	Station
	PP 22 Tahun 2021
	Permen LH No. 1 Tahun 2025

	
	
	1
	2
	3
	4
	
	

	Physical
	
	
	
	
	
	
	

	Temperature (°C)
	r
	29 – 30,7
	27,8 – 29
	27,5 – 29,1
	26,5 – 28,6
	28-30
	-

	
	a
	29,85
	28,4
	28,3
	27,55*
	
	

	TSS (mg/L)
	r
	12 – 91
	12 – 114
	52 – 86
	33 – 55
	80
	100

	
	a
	51,5
	63
	69
	44
	
	

	Chemical
	
	
	
	
	
	
	

	BOD (mg/L)
	r
	6,18 – 12,97
	6,95 – 19,46
	10,04 – 21,08
	4,63 – 19,46
	20
	50

	
	a
	9,575
	13,205
	15,56
	12,045
	
	

	DO (mg/L)
	r
	5,62 – 6,8
	5,1 – 6,5
	2,8 – 5,8
	4,4 – 5,6
	>5
	-

	
	a
	6,21
	5,8
	4,3*
	5
	
	

	pH
	r
	9,1 – 10
	8,1 – 9
	7,7 – 9,1
	7,5 – 8,3
	7-8,5
	6-9

	
	a
	9,55**
	8,55
	8,4
	7,9
	
	

	Ammonia (mg/L)
	r
	0,264 – 1,549
	0,064 – 1,641
	0,052 – 3,235
	0,009 – 0,280
	0,3
	5

	
	a
	0,9065**
	0,8525**
	1,68775**
	0,1445
	
	

	Phosphate (mg/L)
	r
	0,041 – 0,068
	0,060 – 0,105
	0,079 – 0,105
	0,061 – 0,091
	0,015
	0,5

	
	a
	0,0545**
	0,0825**
	0,092**
	0,076**
	
	


Description: *Peraturan Pemerintah Republik Indonesia Nomor 22 Tahun 2021
                     ** Peraturan Menteri Lingkungan Hidup Nomor 1 Tahun 2025
	r:
	range

	a:
	average


3.2 Temperature 

Water temperature is a parameter of water quality that affects physical and chemical processes in ecosystems, such as oxygen solubility, metabolic rate of organisms, and the distribution of aquatic species (Effendi, 2003). The results of the temperature measurements at each sampling station are presented in Figure 2.


Fig. 2. Temperature Test Results.

Based on the analysis, the highest temperature was recorded at the inlet Station (29.57°C), while the lowest at the outlet (27.70°C), below the minimum threshold of PP No. 22 Of 2021 (28-30°C). ANOVA test results showed no significant difference between stations (p > 0.05). 
WWTP efficiency in stabilizing the temperature is only 3%, indicating that the performance is not optimal. The decrease in temperature from the inlet to the outlet occurs because the WWTP has an open design with a large surface area, causing an intensive process of water evaporation so that heat is lost to the atmosphere. This process cannot be controlled by the administration of probiotics because the water temperature is more influenced by external environmental factors such as sunlight intensity, air temperature, rainfall, humidity, and wind speed (Lumbangaol et al., 2024). Temperatures outside the optimal range can threaten the sustainability of coastal ecosystems such as coral reefs, seagrasses, and mangroves (Al Tanto & Riswanto, 2022). Therefore, WWTP management needs to consider environmental factors to maintain the stability of wastewater temperature.
3.3 Clarity 

The clarity of the waters measures the degree of clarity of the water through the penetration of light using the Secchi disk, expressed in meters or centimeters. The optimum clarity for shrimp growth ranges from 20-40 cm (Arsad et al., 2017). The results of the brightness test are presented in Figure 3.


Fig. 3. Clarity Test Results.
The measurement results showed the highest value in the WWTP (25.83 cm) and the lowest in the outlet (15 cm). ANOVA test showed a significant difference between location and time (p < 0.05). Value at the outlet has not met the quality standard PP No. 22 of 2021 (>3 meters), showing very cloudy water.
The decrease in clarity from the WWTP to the outlet is due to the high concentration of suspended particles (TSS 40-69 mg/L) and organic matter dissolved in water. These particles block and absorb light entering the water, resulting in reduced clarity. The higher the content of particles and organic matter from pond waste, the lower the clarity of the waters. According to Pingki (2021), the decrease in clarity can be caused by high rainfall, surface runoff, or domestic and industrial waste disposal. Poorly managed aquaculture activities can also increase the sediment load and organic matter in the water. Low clarity inhibits the penetration of light to the bottom of the waters, disrupts the process of photosynthesis of marine life, and negatively affects aquatic ecosystems (Davis, 1995 in Widiadmoko, 2013).

3.4 Total Suspended Solid (TSS)

Total Suspended Solids (TSS) measures the amount of organic (feed residue, faeces) and inorganic (sludge, soil) suspended solids particles in water, expressed in mg/L. The analysis showed the highest value in WWTP (68.7 mg/L) and the lowest at the outlet (40.67 mg / L). ANOVA test showed no significant difference (p > 0.05). The value of the outlet is still within the safe limit of PP No. 22 of 2021 (≤80 mg / L) and LH lozenge No. 1 year to 2025 (100 mg/L). The TSS test results are presented in Figure 4.

Fig. 4. TSS Test Results
WWTP efficiency reached 41%, indicating the system is quite effective in reducing TSS. The decrease in TSS occurs through the process of gravitational deposition of particles in the WWTP. The elongated design of the WWTP slows down the flow of water, allowing sufficient time for heavy particles to settle to the bottom. Larger and heavier particles will settle faster than small particles. In addition, the bacteria in WWTP also decompose the suspended organic matter into gases such as CO₂ and CH₄, thereby reducing the total suspended solids in the water. This is in line with MMAF (2019) that slow flow in WWTP systems supports sedimentation of suspended solids. Additional management methods can be applied through periodic water changes, piping the bottom of the pool to remove sediment, and the application of probiotics to help the decomposition of organic matter (Wulandari et al., 2015). High TSS can lower dissolved oxygen levels and cause anaerobic conditions that result in the death of aerobic organisms (Hidayat et al., 2016).

3.5 Biological Oxygen Demand (BOD)

Biological Oxygen Demand (BOD) measures the amount of oxygen required by microorganisms to break down organic matter dissolved in water, expressed in mg/L. A high BOD value indicates a large amount of organic matter in the water and indicates a high level of pollution. The BOD test results are presented in Figure 5.
 
Fig. 5. BOD Test Results.
The results of the analysis showed the highest value in the WWTP (13.98 mg/L) and the lowest at the outlet (11.63 mg/L). ANOVA test showed no significant difference (p > 0.05). The value is still within the safe limit of PP No. 22 of 2021 (≤20 mg / L) and LH lozenge No. 1 year to 2025 (50 mg/L).
WWTP efficiency is only 17%, indicating not optimal performance in reducing organic load. The low efficiency is caused by several factors: (1) dissolved oxygen levels in WWTP are relatively low (4.40 mg/L) so that decomposing bacteria cannot work optimally in decomposing organic matter, (2) the residence time of water in WWTP is not long enough to decompose all organic matter, especially fat from Feed which takes longer to decompose than protein and carbohydrates, and (3) the presence of complex organic matter such as chitin from shrimp shells that are difficult to be decomposed by ordinary bacteria. As a result, there are still residues of organic matter that do not decompose completely at the outlet. This finding is different from the research of Aatanti et al. (2014) who reported efficiencies of up to 92% using the probiotic Bacillus sp. According to Aatanti et al. (2014), high fat content in feed can promote metabolic waste that is difficult to decompose, thus increasing the pollutant load in the system. Based on the criteria of Salmin (2005), this research station belongs to the category of low to moderate pollution (BOD 0-20 mg/L).
3.6 Dissolved Oxygen (DO)

Dissolved Oxygen (DO) is the amount of oxygen dissolved in water, an important parameter in aquatic ecosystems because it is needed by organisms to breathe, expressed in mg/L. Oxygen in water comes from two main sources: diffusion from the air and photosynthesis by phytoplankton (Paena et al., 2015). The DO test results are presented in Figure 6.

Fig. 6. DO Test Results.
The results of the analysis showed the highest concentration at the inlet (6.37 mg/L), allegedly due to the high population of phytoplankton visible from the dense green water color, and the lowest in WWTP (4.40 mg/L), allegedly due to the high content of ammonia from pond waste. ANOVA test showed no significant difference (p > 0.05). Outlet value meets quality standard PP No. 22 of 2021 (>5 mg/L).
WWTP efficiency in increasing DO reached 12%, showing limited improvement. The increase in DO from the WWTP to the outlet is the result of two opposing processes: on the one hand, oxygen is gained from phytoplankton photosynthesis and absorption from the air, but on the other hand, oxygen is consumed in large quantities by bacteria to convert ammonia into nitrates. This process of converting ammonia requires a huge amount of oxygen—to lower ammonia by 1.19 mg/L, about 5.4 mg/L of oxygen is required. Therefore, although there is oxygen production from phytoplankton, the overall increase in dissolved oxygen is only slight (0.6 mg/L) because most of it is consumed by ammonia-degrading bacteria. This finding is in line with Darmawan et al. (2018) and Patty (2017) who stated that the main source of oxygen in the waters comes from phytoplankton photosynthesis and diffusion from the atmosphere, although the diffusion process is slow. Effendi (2003) stated that the waters for fisheries activities should have oxygen levels of not less than 5 ppm. High ammonia levels can lower DO and harm aquatic biota (Widayat et al., 2010).
3.7 pH

The quality of the waters can be compromised when the pH increases due to pollution from human activities as well as the entry of organic and inorganic waste. Aquatic Biota are generally sensitive to changes in pH and prefer environments with a pH between 7-8.5. Biochemical processes in water can be stopped when the pH is too low or high. The pH test results are presented in Figure 7.

Fig. 7. pH Test Results.
The results of the analysis showed the highest pH at the inlet (9.5), related to the intensity of phytoplankton photosynthesis, and the lowest at the outlet (7.97). ANOVA test showed significant differences between stations (p < 0.05). The pH value at the outlet still meets the quality standard PP No. 22 of 2021 (7-8.5) and Candy LH No. 1 year 2025 (6-9).
The efficiency of WWTP in stabilizing pH is only 5%, indicating that the performance is not optimal. The low ability of WWTP to stabilize pH is caused by natural fluctuations of carbon dioxide (CO₂) in water. During the day, phytoplankton perform photosynthesis and absorb CO₂ from the water, causing the pH to rise. At night, on the other hand, the respiratory process of aquatic organisms releases CO₂ into the water, causing the pH to decrease. In addition, bacteria that convert ammonia to nitrate also produce acidic ions that lower the pH. WWTP does not have a buffer capacity strong enough to neutralize these naturally occurring daily pH changes. This phenomenon is in line with the research of Lumbangaol et al. (2024) who explained that pH variability is closely related to CO₂ fluctuations in water. According to Hamuna et al. (2018), pH imbalances can cause physiological stress in the biota and threaten its survival. Sa'adah & Widyaningsih (2018) stated that the decrease in CO₂ due to photosynthesis can increase the pH of water. Odum (1971) mentioned that the ideal pH range for aquatic life is 6.5-8.0, and values outside that range can disrupt the stability of aquatic ecosystems.
3.8 Ammonia
Ammonia is an inorganic nitrogen compound that is toxic to aquatic organisms even in low concentrations. This compound is formed from the decomposition of organic materials such as feed waste, feces, and carcasses of organisms, and plays an important role in the nitrogen cycle in waters. The results of the ammonia testing are presented in Figure 8.
 
Fig. 8. Ammonia Test Results.
The results of the analysis showed the highest concentration in WWTP (1.30 mg/L), presumably due to the accumulation of residual feed and feces from pond culture, and the lowest at the outlet (0.11 mg / L). ANOVA test showed no significant difference (p > 0.05), but still showed variations in values between locations. The measured ammonia value has met PP quality standard No. 22 of 2021 (≤0.3 mg / L) and LH lozenge No. 1 of 2025 (③5 mg / L), specifically at outlet stations.
WWTP efficiency in reducing ammonia reached 92%, showing very effective performance. This high efficiency is achieved due to the bacteria in probiotics (SUPER NB and SUPER LACTO) containing Nitrosomonas sp. and Nitrobacter sp. it works by gradually converting harmful ammonia into safer nitrates. The process takes place in two stages: first, the bacteria Nitrosomonas sp. converts ammonia to nitrite; secondly, the bacterium Nitrobacter sp. converts nitrite to nitrate. This process runs optimally because the environmental conditions in WWTP support, namely pH 7.9-8.4, temperature 27.7-29.8°C, and oxygen levels >4 mg/L. The elongated WWTP design also provides a long enough water residence time (48-72 hours) so that these slow-growing bacteria can develop properly and work optimally in converting ammonia. The decrease in concentration from 1.30 mg/L to 0.11 mg / L (91.5% removal) showed that the ammonia treatment process went almost perfectly. This is in line with Ernawati et al. (2019) which states that autotrophic bacteria in probiotics are able to decompose organic waste through biological oxidation, as well as Moehammad et al. (2025) which confirms the effectiveness of Bacillus sp. in lowering ammonia. According to Effendi (2003), feed residues and feces are the main source of organic nitrogen that decomposes into ammonia. Hartati et al. (2015) stated that the effectiveness of WWTP is influenced by the volume of waste and water retention time in the system. Royan et al. (2019) emphasized that ammonia toxicity can increase significantly due to interactions with environmental parameters such as pH, temperature, salinity, and DO.
3.9 Phosphate

Phosphates are inorganic compounds that contain phosphorus (P), an essential nutrient needed by living organisms. In aquatic ecosystems, phosphates serve as the main nutrient that supports the growth of phytoplankton as the basis of the aquatic food chain. However, high phosphate levels can cause eutrophication, which is the excessive growth of algae, resulting in a decrease in water quality and the death of aquatic organisms. The phosphate test results are presented in Figure 9.

		 
Fig. 9. Phosphate Test Results.
The results of the analysis showed the highest levels in the WWTP (0.09 mg/L) and the lowest at the inlet (0.05 mg/L). At the outlet, phosphate levels decreased to 0.076 mg/L but still exceeded the PP no. 22 of 2021 (0.015 mg/L), although still within the safe limits of LH candy No. 1 year to 2025 (0.5 mg/L). ANOVA test showed no significant difference between stations (p > 0.05).
WWTP efficiency in reducing phosphate only reached 13%, indicating that the performance is not optimal. The low efficiency of phosphate removal is due to the fact that this probiotic-based WWTP does not have a special mechanism for removing phosphate from water. Unlike the ammonia processing that can be done by bacteria, phosphate processing requires special conditions that are not available in this WWTP. Phosphates can be removed in three ways: (1) absorption by specialized bacteria that requires alternating conditions between no oxygen and oxygenated-this condition does not exist in WWTP which is always oxygenated; (2) precipitation of phosphates into solids with the help of calcium or iron—but the concentration of calcium and iron in brackish water is too low for this process; (3) absorption by ordinary bacteria—but the bacteria in probiotics (Bacillus, Pseudomonas) are not Specialist phosphate decomposers. Therefore, a small decrease in phosphate from 0.09 to 0.076 mg / L (13%) is likely only from phosphate attached to the particles and co-precipitated with TSS. Although Kasmita (2010) states that Pseudomonas sp. and Bacillus sp. having the ability to dissolve phosphates in soil, this ability is not effective for removing phosphates that have been dissolved in water. The main source of phosphate in ponds comes from feed residues that are not consumed and degraded into inorganic compounds. Excess phosphate can trigger eutrophication that causes algal bloom, inhibits light penetration, and decreases dissolved oxygen due to decomposition of dead algae (Patricia et al., 2018). According to Patty et al. (2015), the classification of aquatic fertility based on phosphate levels shows that concentrations of 0.051-0.100 mg/L belong to the fertile category.
3.10 Effectiveness of Wastewater Treatment Plants in Shrimp Pond Waste
Table 3.       Efficiency of Wastewater Treatment Plants

	No.
	Parameter
	Efficiency Results
	Description

	1
	Temperature
	3%
	Inefficient

	2
	Total Suspended Solid
	41%
	Quite Efficient

	3
	Biochemical Oxygen Demand
	17%
	Inefficient

	4
	Dissolved Oxygen
	12%
	Inefficient

	5
	pH
	5%
	Inefficient

	6
	Ammonia
	92%
	Very Efficient

	7
	Phosphate
	11%
	Inefficient



Based on the evaluation results of the wastewater treatment plant (WWTP) efficiency for eight water quality parameters, varying efficiency levels were obtained, with the highest achievement on the ammonia parameter at 92%, which is categorized as very efficient, followed by Total Suspended Solids (TSS) at 41%, which is categorized as moderately efficient. Meanwhile, the other six parameters, namely temperature (3%), brightness (5%), pH (5%), phosphate (11%), Dissolved Oxygen (DO) (12%), and Biochemical Oxygen Demand (BOD) (17%), are categorized as inefficient. High efficiency in ammonia parameters is strongly suspected to be influenced by the activity of nitrifying bacteria such as Nitrosomonas sp. and Nitrobacter sp. in the probiotics used, while the effectiveness of TSS sedimentation is influenced by the WWTP design, which allows for a reduction in flow velocity so that suspended particles can settle naturally. Conversely, the low efficiency in other parameters indicates that the treatment process occurring in the wastewater treatment system is not yet optimal, whether in terms of hydraulic design, retention time, or the suitability of microorganisms to the pond environment. Therefore, more adaptive wastewater treatment management and technology improvements are needed so that WWTPs can enhance treatment effectiveness and ensure that the resulting effluent water quality meets the standards set in applicable environmental regulations.
The variation in parameter efficiency indicates that biological, physical, and chemical processes within the WWTP interact differently. The high ammonia reduction is mainly attributed to microbial nitrification and denitrification processes, while moderate TSS removal is due to sedimentation. However, low improvements in BOD, phosphate, and pH suggest that microbial activity and hydraulic retention time were insufficient to complete organic degradation. Optimization of aeration and biofilter design is therefore necessary to enhance these mechanisms.

4. Conclusion

Evaluation of water quality at the inlet, ponds, wastewater treatment plant (WWTP), and outlet points showed variations in parameters, where BOD, TSS, DO, pH, and ammonia generally still met the thresholds set in Government Regulation No. 22 of 2021, and phosphate complied with the provisions of Ministry of Environment and Forestry Regulation No. 1 of 2025. However, the temperature and brightness in the outlet area have not yet met the applicable standards. Based on performance analysis, the wastewater treatment plant (WWTP) proved highly efficient in reducing ammonia concentration by 92% and moderately effective against total suspended solids (TSS) by 41%. However, the WWTP's effectiveness against other parameters was still low, such as a decrease in biochemical oxygen demand (BOD) by 17%, phosphate by 11%, pH by 5%, and an increase in dissolved oxygen (DO) by 12%. Therefore, optimizing the wastewater treatment system is necessary, especially in terms of aeration and biological treatment, to improve wastewater treatment efficiency, maintain pond water quality, and prevent pollution in the surrounding waters near the outlet.
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