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ABSTRACT 

	Aims: This research aims to evaluate the effectiveness of the Wastewater Treatment Plant (WWTP) in managing shrimp farm waste in Tasikmalaya based on physical and chemical parameters 
Study design:  The research method used is non-experimental with a survey approach through direct measurements in the field (in situ) and laboratory analysis (ex situ). 
Place and Duration of Study: The research will be conducted from November 2024 to March 2025 and will take place in Tasikmalaya with several stations.
Methodology: Water samples were taken from four stations, namely the inlet, pond, wastewater treatment plant (WWTP), and outlet, with three repetitions during different shrimp farming phases. The parameters observed include temperature, brightness, Total Suspended Solids (TSS), Biological Oxygen Demand (BOD), Dissolved Oxygen (DO), pH, ammonia levels, and phosphate
Results: The research results show that the wastewater treatment plant (WWTP) is very efficient in reducing ammonia concentration by up to 92% and quite effective in reducing TSS by 41%. However, the effectiveness of the WWTP in improving other water quality parameters is relatively low, such as a 17% reduction in BOD, 11% in phosphate, 5% in pH, and an increase in DO of only 12%. In addition, the temperature and brightness of the water at several outlet points do not yet meet the standards for seawater quality.
Conclusion: The conclusion of this study is that the wastewater treatment plant (WWTP) can reduce organic pollution but requires further optimization, especially in improving the aeration system and using microorganism-based biofilters to ensure better water quality before being discharged into the environment. 
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1. INTRODUCTION 

The term "tambak" comes from the Javanese word "nembok," which means "to build a dam." A pond is defined as a pool built in the intertidal zone to hold seawater during high tide for the purpose of catching or cultivating aquatic organisms such as fish and shrimp (Haefa et al. 2020). In Indonesia, ponds are widely used for the cultivation of whiteleg shrimp (Litopenaeus vannamei), which is divided into two systems: extensive (traditional) and intensive. Currently, most smallholder ponds still use the extensive system, although the intensive system is considered more optimal for increasing productivity (Fitra et al. 2022). Based on data from the Ministry of Marine Affairs and Fisheries (KKP 2024), national vaname shrimp production decreased from 768,834.05 tons in 2021 to 731,253.15 tons in 2022. In Tasikmalaya Regency, vaname shrimp farming activities are concentrated in Cikalong and Cipatujah Districts.
Shrimp farming activities generate organic and inorganic waste from three main components: uneaten feed, shrimp excretion (feces), and plankton death (Nguyen & Maeda 2015). These wastes cause sediment accumulation at the bottom of the pond and contaminate the rearing medium with compounds such as ammonia, phosphate, and Total Suspended Solids (TSS) (Hossain et al. 2016). Waste also contains high chemical parameters such as Biological Oxygen Demand (BOD) and fluctuating pH, which, if not managed properly, can reduce water quality, cause eutrophication, lower dissolved oxygen levels, and increase nitrite toxicity. The impact of pond waste is not limited to physiological disturbances in cultured shrimp, such as stress and a weakened immune system, but also pollutes the surrounding environment thru sedimentation, soil contamination, and changes in the structure of the aquatic benthic community (Aini & Parmi 2022).
To reduce the impact of pollution from aquaculture activities, wastewater management using a Wastewater Treatment Plant (WWTP) is necessary. The wastewater treatment process generally includes sedimentation, aeration, and equalization stages. Wastewater is first channeled to a sedimentation pond to reduce suspended solids, then to an aeration pond which serves to increase dissolved oxygen content, lower BOD, and neutralize harmful gasses thru the activity of microorganisms. The final stage is an equalization pond planted with seaweed and stocked with fish as a bioindicator of water quality. However, to date, there hasn't been much research evaluating the effectiveness of wastewater treatment plants in reducing water pollutant parameters in intensive pond systems. Therefore, this study aims to evaluate the effectiveness of wastewater treatment plants in processing vaname shrimp farming waste as an effort to maintain water quality in accordance with established standards.

2. material and methods 

2.1 Time and Place of Research
Research DesignThe research will be 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 Research Design
This research uses a non-experimental method with a survey approach thru in situ measurements and ex situ laboratory analysis. Samples were taken purposively at four points (inlet, pond, wastewater treatment plant, and outlet) based on functional differences. Sampling was conducted three times during different maintenance phases, namely DOC 20–30, 60–70, and 110–120 (harvest phase), to capture variations due to differences in feed intensity and type during cultivation. 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: Tambak Udang
Station 3: IPAL
Station 4: Outlet

2.3 Observation Parameter

Table 1.       Air Quality Parameters
	No.
	Parameter
	Unit
	Analysis Method
	Observation Location

	1
	Temperature
	°C
	Termometri
	PT BBS

	2
	Brightness
	(mg/L)
	Secchi disk
	PT BBS

	3
	TSS
	(mg/L)
	Gravimetri
	Laboratory

	4
	BOD
	(mg/L)
	Iodometri
	Laboratory

	5
	DO
	(mg/L)
	Potensiometrik
	PT BBS

	6
	pH
	
	Potensiometrik
	PT BBS

	7
	Ammonia
	(mg/L)
	Spektrofotometrik
	Laboratory

	8
	Phosphate
	(mg/L)
	Spektrofotometrik
	Laboratory



2.4 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, clarity, 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

Temperature is a water quality parameter that affects various physical and chemical processes in aquatic ecosystems, such as oxygen solubility, metabolic rate, and the distribution of aquatic organisms. Temperatures outside the tolerance range can cause physiological stress and disrupt ecosystem balance (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 results, the highest temperature was recorded at the inlet station with an average value of 29.57°C, while the lowest temperature was recorded at the outlet station with an average of 27.70°C. The temperature value at the outlet station was below the minimum threshold according to Government Regulation of the Republic of Indonesia No. 22 of 2021, which is 28–30°C. The ANOVA test results showed that the temperature differences between stations were not significant (p > 0.05), indicating that the temperature variation was not very pronounced between locations.
The efficiency of the Wastewater Treatment Plant (WWTP) in stabilizing water temperature was found to be 3%, indicating that the WWTP's performance is not yet optimal for this parameter. The low efficiency is due to the fact that water temperature is not directly influenced by biological or chemical processes within the WWTP, but is rather determined by environmental factors such as solar radiation, air temperature, rainfall, humidity, and wind speed (Lumbangaol et al., 2024). These factors are the main causes of temperature fluctuations in the water, which cannot be controlled thru probiotic treatment.
Temperature conditions outside the optimal range, particularly at the outlet station, need attention because they have the potential to affect the sustainability of aquatic organisms and coastal ecosystems. Unstable sea temperatures are known to reduce the resilience of ecosystems such as coral reefs, seagrass beds, and mangrove forests (Al Tanto & Riswanto, 2022). Therefore, wastewater treatment plant management needs to be accompanied by a comprehensive ecosystem approach to maintain water temperature quality and support the sustainability of the aquaculture environment.

3.3 Brightness

Water clarity is a water quality parameter that measures the degree of water clarity by observing how far light can penetrate a body of water. Brightness is usually measured using a tool called a Secchi disk. Brightness values are expressed in meters (m) or centimeters (cm), indicating the depth at which the Secchi disk can still be seen from the water surface. The results of the brightness test are presented in Figure 3.


Fig. 3. Brightness Test Results.
The measurement results show variations in brightness values between locations and sampling times. The highest brightness value was recorded in the wastewater treatment plant area with an average of 25.83 cm, while the lowest value was found at the outlet station with an average of 15 cm. Based on the results of the ANOVA statistical test, there was a significant difference in brightness values between locations and times (p < 0.05). The brightness value at the outlet has not met the standard quality requirements for seawater according to Government Regulation of the Republic of Indonesia No. 22 of 2021, which is >3 meters. This indicates that the water at the outlet station is very turbid and has the potential to reduce the quality of the surrounding aquatic ecosystem.
The low brightness condition despite normal weather indicates a high concentration of suspended particles in the water body. According to Pingki (2021), the decrease in brightness value can be caused by high rainfall, surface runoff, or the proximity of the location to domestic and industrial waste disposal activities. Additionally, poorly managed pond aquaculture activities can also increase the sediment and organic matter load in the water, significantly reducing clarity. Therefore, the low brightness at the outlet station needs to be considered in the management of the aquatic environment, particularly regarding the efficiency of wastewater treatment before it is discharged back into natural water bodies.

3.3 Total Suspended Solid (TSS)

Total Suspended Solids (TSS) is a water quality parameter that reflects the amount of suspended solid particles in the water column, whether organic such as feed residue and shrimp feces, or inorganic such as mud and soil particles. The TSS test results are presented in Figure 4.


Fig. 4. TSS Test Results
Based on the analysis results, the highest TSS value was recorded at the WWTP station with an average value of 68.67 mg/L, while the lowest temperature was recorded at the outlet station with an average of 40.67 mg/L. The results of the ANOVA statistical test showed that although there was variation between stations, the difference was not statistically significant (p > 0.05). Nevertheless, the TSS value at the outlet still falls within safe limits according to PP No. 22 of 2021 (maximum 80 mg/L) and Permen LH No. 1 of 2025 (maximum 100 mg/L).
Based on the calculation of the wastewater treatment plant's efficiency against the TSS parameter, an efficiency value of 41% was obtained, indicating that the wastewater treatment system functions quite effectively in reducing TSS concentration. This effectiveness is believed to be influenced by the elongated design of the wastewater treatment plant, which allows water to flow at a low speed, enabling suspended particles to settle naturally. This is in line with the statement by the Ministry of Marine Affairs and Fisheries (KKP, 2019), that slow flow in the wastewater treatment system supports the sedimentation of suspended solids. Additionally, the biological processes in the WWTP allow for the degradation of organic matter into gasses like CO₂ and CH₄, indicating that the material has been completely broken down.
To keep the TSS level within optimal limits, there are several management methods that can be applied. Regular water changes are effective in diluting organic matter from metabolic waste. Additionally, siphoning the pond bottom using a small hose can reduce the buildup of uneaten food and feces before they decompose into toxic substances. Probiotic applications also play an important role in maintaining water quality, as they help to biologically decompose organic matter and prevent the accumulation of harmful compounds (Wulandari et al. 2015). High TSS levels in aquatic ecosystems can reduce dissolved oxygen levels. If this low-oxygen condition persists for a long time, the water can become an anaerobic environment, leading to the death of aerobic organisms (Hidayat et al. 2016).

3.4 Biological Oxygen Demand (BOD)

Biological Oxygen Demand (BOD) is an important parameter in assessing water quality, reflecting the amount of oxygen required by microorganisms to decompose organic matter biologically. A high BOD value indicates a high concentration of organic matter in the water and potentially lowers dissolved oxygen levels. The BOD test results are presented in Figure 5.

Fig. 5. BOD Test Results.
The BOD measurement results (Figure 9) show that the highest value was recorded at the wastewater treatment plant (WWTP) station at 13.98 mg/L, while the lowest value was found at the outlet station at 11.63 mg/L. Based on the ANOVA test, no significant difference was found between the stations (p > 0.05). Nevertheless, all BOD values are still within safe limits according to Government Regulation No. 22 of 2021 (maximum 20 mg/L) and Ministry of Environment and Forestry Regulation No. 1 of 2025 (maximum 50 mg/L).
The efficiency of the wastewater treatment plant in reducing BOD was found to be 17%, indicating that the waste treatment process is not yet operating optimally in reducing organic load. This low efficiency differs from the research findings of Aatanti et al. (2014), who reported efficiency of up to 92% using Bacillus sp. as a probiotic agent. The ineffectiveness of the wastewater treatment system in this study was likely caused by less than optimal activity of the decomposing bacteria, either due to unfavorable environmental conditions within the wastewater treatment system or because of the high organic load from feed residue and feces. According to Aatanti et al. (2014), the high lipid content in the feed can also increase undigested metabolic waste, thus adding to the pollutant load in the system.

3.5 Dissolved Oxygen (DO)

Dissolved Oxygen (DO) is an important parameter in assessing water quality because it plays a direct role in supporting the life of aquatic organisms. The DO test results are presented in Figure 6.

Fig. 6. DO Test Results.
The highest value was recorded at the inlet station at 6.37 mg/L, which is suspected to be caused by the high phytoplankton population resulting from photosynthetic activity. Meanwhile, the lowest value was found at the wastewater treatment plant (WWTP) station with a concentration of 4.40 mg/L, likely due to the high ammonia content originating from pond waste. Based on the results of the ANOVA test, no statistically significant differences were found between the stations (p > 0.05). Nevertheless, the DO value at the outlet has met the sea water quality standard according to PP No. 22 of 2021, which is >5 mg/L.
Based on the calculation results, the efficiency of the wastewater treatment plant (WWTP) in increasing dissolved oxygen (DO) levels was recorded at 12%. This figure indicates that the WWTP system is quite effective in improving dissolved oxygen quality, although this increase is likely not due to probiotic-based biological treatment. This is supported by the fact that the nitrification process carried out by bacteria such as Nitrosomonas sp. and Nitrobacter sp. actually requires a large amount of oxygen, so it does not increase DO. Therefore, the increase in DO is more likely caused by the photosynthetic activity of phytoplankton or the diffusion process from the atmosphere. According to Darmawan et al. (2018) and Patty (2017), the main sources of oxygen in water come from the photosynthetic process of chlorophyll-containing organisms and the diffusion of oxygen from the air into the water column, although diffusion occurs slowly.

3.6 pH

The pH parameter is an important indicator in assessing water quality because it affects biological activity and biochemical processes in aquatic ecosystems. The ideal pH value for aquatic life is generally within the range of 7–8.5. The pH test results are presented in Figure 7.

Fig. 7. pH Test Results.
The pH measurement results show that the highest value was recorded at the inlet station at 9.5, while the lowest value was recorded at the outlet station at 7.97. The increase in pH at the inlet station is likely due to the high intensity of phytoplankton photosynthesis, which leads to a decrease in carbon dioxide (CO₂) concentration and an increase in pH value. Based on the ANOVA test results, there is a significant difference between stations (p < 0.05). Although the pH value at the inlet exceeds the standard, the value at the outlet still meets the quality standards based on Government Regulation No. 22 of 2021 (7–8.5) and Ministry of Environment and Forestry Regulation No. 1 of 2025 (6–9), so it is generally still acceptable for discharge into the marine environment.
The efficiency of the wastewater treatment plant (WWTP) in stabilizing pH is only 5%, indicating that the WWTP is not yet working optimally in maintaining the stability of the water's pH. This low efficiency is likely due to the dynamics of dissolved carbon dioxide in the water, which fluctuates due to the photosynthetic and respiratory cycles. During the day, the process of photosynthesis causes CO₂ absorption, leading to an increase in pH, while at nite, organism respiration releases CO₂ and causes a decrease in pH. This phenomenon aligns with the research findings of Lumbangaol et al. (2024), which explain that pH variability is closely related to CO₂ fluctuations in the water. Therefore, efforts to manage pH in wastewater treatment plants need to consider these natural factors. Extreme pH conditions, whether too acidic or too alkaline, can disrupt the metabolism and respiration of aquatic organisms. According to Hamuna et al. (2018), pH imbalances in water can cause physiological stress on biota and even threaten their survival. The process of photosynthesis plays an important role in pH fluctuations thru the mechanism of CO₂ absorption. Sa'adah & Widyaningsih (2018) stated that the decrease in CO₂ due to photosynthesis can increase the pH value of water. Odum (1971) mentioned that the ideal pH range for aquatic life is between 6.5 and 8.0, and values outside this range can disrupt the stability of aquatic ecosystems. Therefore, maintaining pH stability is a crucial aspect of managing pond water quality, particularly in wastewater treatment systems.
3.7 Ammonia
Ammonia is one of the inorganic forms of nitrogen that is toxic and can harm aquatic organisms even at low concentrations. This compound is formed thru the decomposition of organic matter, such as leftover food, feces, dead organisms, and other detritus, and plays an important role in the nitrogen cycle in water. The results of the ammonia testing are presented in Figure 8.

Fig. 8. Ammonia Test Results.
The results of the ammonia parameter testing showed that the highest concentration was found at the WWTP station, which was 1.30 mg/L, while the lowest concentration was recorded at the outlet, which was 0.11 mg/L. The increase in ammonia levels at the WWTP is suspected to be due to the accumulation of feed and fecal waste from shrimp farming activities. Based on the results of the ANOVA test, there was no significant difference in ammonia levels between stations (p > 0.05), but the variation in values between locations still indicated a difference in pollutant load. The measured ammonia values are still within safe limits according to Government Regulation No. 22 of 2021 (≤ 0.3 mg/L) and Ministry of Environment and Forestry Regulation No. 1 of 2025 (≤ 5 mg/L), particularly at the outlet station.
The calculation results show that the wastewater treatment plant's efficiency in reducing ammonia levels reaches 92%, indicating highly effective performance. This high efficiency is influenced by the presence of commercial probiotics used, namely SUPER NB and SUPER LACTO, which contain nitrifying and denitrifying bacteria such as Nitrosomonas sp., Nitrobacter sp., Bacillus subtilis, and Pseudomonas sp. These microorganisms play an important role in the nitrification process, which is the oxidation of ammonia to nitrite and then to nitrate, which is more stable and less toxic. Ernawati et al. (2019) stated that autotrophic bacteria in probiotics are able to break down organic waste into simpler compounds thru biological oxidation. Moehammad et al. (2025) also added that Bacillus sp. is effective in reducing ammonia.
Shrimp pond aquaculture is one of the main factors contributing to ammonia load in wastewater treatment plants. According to Effendi (2003), uneaten feed and feces are the primary sources of organic nitrogen that decompose into ammonia. Hartati et al. (2015) stated that the effectiveness of wastewater treatment plants in reducing ammonia is influenced by the volume of wastewater and the water retention time in the treatment system. Untreated ammonia can lead to a decline in water quality, disrupt the metabolism of aquatic organisms, and even result in the death of aquatic life. Royan et al. (2019) emphasize that ammonia toxicity can increase significantly due to interactions with other environmental parameters such as pH, temperature, salinity, and dissolved oxygen (DO) levels. Therefore, controlling ammonia levels in wastewater treatment systems is a crucial aspect for supporting the sustainability of aquaculture ecosystems and receiving waters.

3.8 Phospate

Phosphate is an inorganic compound containing the element phosphorus (P) and plays an essential nutrient role in aquatic ecosystems. However, excessive phosphate levels can lead to eutrophication, which is the massive growth of algae resulting in decreased water quality and dissolved oxygen. The phosphate test results are presented in Figure 9.


Fig. 9. Phosphate Test Results.
Based on the analysis results (Figure 9), the highest phosphate value was found at the WWTP station with a concentration of 0.09 mg/L, while the lowest concentration was measured at the inlet at 0.05 mg/L. At the outlet, the phosphate concentration decreased compared to the WWTP, but it was still above the sea water quality standard based on Government Regulation No. 22 of 2021, which sets a threshold of 0.015 mg/L. Nevertheless, this value is still within safe limits according to the Minister of Environment Regulation No. 1 of 2025, which is ≤ 0.5 mg/L. The results of the ANOVA statistical test showed that there was no significant difference in phosphate concentration between stations (p > 0.05), although there was variation in values between locations.
The efficiency of the Wastewater Treatment Plant (WWTP) in reducing phosphate concentration only reached 11%, indicating that the WWTP system is not yet optimal in reducing phosphate content in the water. This indicates that the use of probiotics has not yet been able to effectively support the binding and precipitation of phosphate. Suspected causes of this low efficiency include low specific bacterial activity in assimilating phosphate, or a mismatch between the type of probiotic bacteria used and environmental conditions.
The main source of phosphate in shrimp ponds comes from uneaten feed residue that degrades into inorganic compounds. Excess phosphate in water can trigger eutrophication, which is an increase in nutrients leading to algal blooms. Algal blooms block sunlight penetration to the bottom of the water and decrease dissolved oxygen (DO) levels due to the decomposition of dead algae, which can ultimately disrupt aquatic life. Patricia et al. (2018) stated that high phosphate content plays a significant role in increasing algal biomass.

3.9 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 Oxgen
	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%), clarity (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.

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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