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Performance Evaluation of an Extended Aeration Sewage Treatment Plant : A Case Study from Joginder Nagar, Himachal Pradesh, India





ABSTRACT
This study focused on evaluating the performance of a Sewage Treatment Plant (STP) located in Joginder Nagar, Himachal Pradesh. The plant operates using the extended aeration activated sludge process and has a treatment capacity of 1.735 million liters per day (MLD). To understand its efficiency, samples were collected monthly from both the inlet and outlet points of the plant between January and June 2025. These samples were tested for a range of physio-chemical parameters including Odor, Color, Temperature, pH, Free CO2, Alkalinity, Total Dissolved Solids (TDS), Conductivity, Turbidity, Total Hardness (TH), Calcium, Magnesium, Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and Dissolved Oxygen (DO).  The findings revealed that while the STP moderately reduced turbidity (, COD, and TDS levels, and showed some improvement in DO levels, it also exhibited several limitations. Persistent issues such as unpleasant odor, inconsistent BOD levels, and unaltered calcium and magnesium concentrations were observed in the treated effluent which considered to be a big operational challenge. These inconsistencies suggest that the treatment process is only partially successful in bringing the effluent within acceptable quality standards.Overall, the study highlights that although the STP does offer some degree of pollutant reduction, there remains a need for further improvement, especially in terms of biological stability and odor control. With proper upgrades and regular monitoring, the STP can perform more effectively and meet environmental standards and Enhancing the system’s efficiency could help it better comply with Central Pollution Control Board (CPCB) norms and contribute to safer water discharge into the environment
Keywords: Sewage treatment, Extended aeration, BOD, COD, Wastewater and Water quality.
INTRODUCTION
Water is an essential natural resource necessary for sustaining life and ecosystem balance. It is one of the most important elements which is necessary for all  forms of life. But due to growing world, human activities are increasing day-by-day which is a huge concern for  all the living beings  that reside on earth. Excess use of water can cause water scarcity and its contamination leads to the unavailability of quality water to the major population of the world (Sharma et al., 2025).  Deficiency of water in the body cause several diseases like dehydration, kidney stones, joint problems, skin disorders, low blood pressure etc. 
Now a days pollution has become a huge threat that is depleting our environment. Rapid urbanization and industrialization have contributed significantly to the contamination of water sources through increase degeneration of wastewater or sewage water. The United States Environmental Protection Agency defines sewage water as the liquid waste that mostly comes from everyday household activities like using the toilet, washing dishes, taking showers, and doing laundry. Since this wastewater can pose serious risks to both the environment and public health, it needs to be properly treated before being released. Sewage is defined as used water that contains waste materials from industrial operations, commercial establishments, and residential sources (Topare et al., 2011).
Untreated or poorly treated sewage can have dangerous effects on human health. It can carry harmful bacteria and viruses that cause serious waterborne diseases like cholera, dysentery, and hepatitis. These illnesses spread easily through contaminated water, especially in areas where many people live close together. The World Health Organization (WHO, 2017) has highlighted the importance of proper sewage treatment as a key step in preventing these diseases.  Wastewater contains organic matter, pathogens, and heavy metals, which if released untreated, can lead to environmental degradation.
Waste water from different sources contains considerable amount of organic matter and plant nutrients (N, P, K, Ca, S, Cu, Mn & Zn) and has been reported to increase the crop yield (Pathak et al. 1998; Pathak et al. 1999; Lubello et al. 2004;  Nagajyothi et al. 2009; Nath et al. 2009).  Instead of letting these wastewaters go untreated into water bodies, they are being diverted to farmlands, where they can serve as a source of irrigation and natural fertilization. This approach not only helps reduce the cost of waste management for industries and municipalities but also offers farmers an affordable alternative to chemical fertilizers. However, it’s important to ensure that such water is properly treated to prevent harmful impacts on soil quality, crops, and human health.
Sewage Treatment Plants (STPs) are established to mitigate this threat. These facilities apply physical, chemical, and biological methods to remove contaminants before discharging the treated water into natural water bodies. The sewage water is collected from different areas by pipes and then transported to the treatment plants (STPs). These plants treat this waste water in order to reduce the contamination. This process includes physical, chemical and biological process in order to remove the contaminants.
Sewage treatment is a step-by-step process designed to clean wastewater before it's released back into the environment. It generally begins with primary treatment, where large debris and solid waste are physically removed, and heavier particles are allowed to settle at the bottom (Metcalf & Eddy, 2014). In secondary treatment microbes are added through processes like activated sludge or biofilm reactors. These tiny organisms break down the remaining organic matter in the water (Tchobanoglous et al., 2014). In tertiary treatment, the water is further filtered and disinfected to make sure it’s safe and clean enough to return to nature or be reused (EPA, 2012).
STUDY AREA
Joginder Nagar is a sub district in Mandi district, Himachal Pradesh. The region is geographically situated between  31.9912o N, 76.7899O E. Majharnu village is located in Joginder Nagar, Himachal Pradesh. Himachal Pradesh is a mountainous state situated in the northern part of the Indian subcontinent. The state's terrain is predominantly hilly, encompassing elevations that range from approximately 350 meters to 6,975 meters above mean sea level.
The sewage Treatment Plant of Joginder Nagar is located in a small village named “Majharnu” on the bank of  “Neri Khad”, a tributary of river “Beas”.. The plant managed by “Jal Shakti Division” of Himachal Pradesh government. Its capacity is 1.735 MLD (Million Liters Per Day) of waste water. The STP of Joginder Nagar is an extended aeration type of sewage treatment plant, a type of activated sludge process. 

A key feature of these systems is the maintenance of a relatively high concentration of mixed liquor suspended solids (MLSS), typically ranging from 3,000 to 6,000 mg/L, which enhances the stability and efficiency of the treatment process (Wang et al., 2019). One of the notable advantages of the extended aeration process is its ability to produce very low amounts of excess sludge. This is because the system promotes complete oxidation of organic matter, significantly reducing the volume of sludge that needs to be handled and disposed of, thereby lowering operational and maintenance costs (Metcalf & Eddy, 2014). Considerable work has been carried out on the treatment plants situated in the small cities and towns. However, the efficiencies of STP situated in committee area like Jogindernagar never have not been studied earlier by any independent agencies. 
Table 1: Salient features of STP of Joginder Nagar. (Figure. 2)
	S. No.
	UNIT
	SIZE
	No.

	1.
	Inlet Chamber
	1.65 X 1.65 X1.35 + 0.3 FB
	1

	2.
	Screen Chamber
	1.8 X 0.48 X 0.26 + 0.3 FB
	2

	3.
	Grit Chamber
	5.75 X 1.05 X 0.6 + 0.3 FB
	2

	4.
	Parshall Flume
	150MMthroat width
	1

	5.
	Aeration Tank
	22.0 X 12.00 X 4.0 +0.5 FB
	1

	6.
	Secondary Clarifier
	13.6 X 2.0 +0.3 FB
	1

	7.
	Chlorine Contact Tank
	6.0 X 6.0 X 2.10 +0.3 FB
	1

	8.
	Sludge Thickener
	3.6 X 3.0 +3.0 FB
	1

	9.
	Sludge Drying Beds
	6605 Q. N. area (13.75% 8)
	6
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Plate 1. Area of STP, Jogindernagar		Plate 2. IPH Laboratotry.

MATERIALS AND METHODS
Sample collection
Samples were collected monthly from the STP’s inlet and outlet between 9:00 AM and 11:00 AM using clean PET bottles. Samples were tested at the Sri Sai University, laboratory andIPH Department Laboratory, Palampur.
Parameters measured
The following parameters were analyzed using standard methods : odor, color, temperature, pH, free CO₂, alkalinity, TDS, conductivity, turbidity, total hardness, calcium, magnesium, BOD, COD, and DO.
Instrumentation and analysis
1. Odor – Sence of Smell
2. Color – Color Chart
3. Temperature – Digital Thermometer
4. pH – Digital pH meter
5. Free CO2 – Titration 
6. Alkalinity – Titration 
7. TDS – Digital TDS Meter
8. Turbidity – Nephelometer
9. Total Hardness – Titration
10. Calcium – Titration
11. Magnesium – Titration
12. BOD – 2 Day BOD test
13. COD – Open reflux
14. DO – Winkler’s Test
For the various chemical analysis methods prescribed by APHA (2012) and Saxena (2001) were followed.
The calculation of Water Quality Index (WQI) was made using weighed Arithmetic index method (Brown et al., 1972) is calculated by the following equation. 
   WQI= 


The suitability of WQI values for human consumption can be checked by categorization given by WHO, 2004.
RESULTS AND DISCUSSION
Odor
The data (Table 2 and 3) shows no improvement in odor after treatment. Both inlet and outlet samples consistently emitted a "rotten" smell, indicating ineffective removal of volatile organic compounds. This shows that the biological treatment process is not functioning effectively. This outcome reflects a shortfall in meeting the Central Pollution Contral Board (CPCB) guidelines, which highlight the importance of controlling odor as part of comprehensive wastewater treatment. 


Table 2: Monthly variation in physical and chemical parameter of inlet water sample of the Sewage Treatment Plant situated in Joginder Nagar, values are expressed in mg/l in water, expect otherwise mentioned.
	Parameter

Months
	January
	February
	March
	April
	May
	June

	Odor
	Rotten
	Rotten
	Rotten
	Rotten
	Rotten
	Rotten

	Color
	25
	30
	35
	25
	25
	30

	Temperature (o C)
	14.8
	20.3
	18.2
	23.8
	22.9
	23.4

	pH
	6.4
	6.9
	6.5
	6.6
	6.8
	6.3

	Free CO2
	29
	25
	36
	34
	32
	30

	Alkalinity
	174
	210
	152
	260
	159
	180

	TDS (ppm)
	307
	320
	220
	270
	310
	280

	Conductivity (d  S/m)
	3
	3
	2
	3
	2
	3

	Turbidity (NTU)
	435
	233
	104
	182
	205
	250

	TH
	90
	78
	68
	88
	86
	68

	Calcium
	126
	63
	56
	67
	60.8
	50

	Magnesium
	34
	15
	12
	21
	25.2
	18

	BOD
	0.4
	3.8
	2.4
	3.6
	4.5
	2.5

	COD
	272
	268
	268
	292
	296
	280

	DO
	5.8
	5.8
	8.7
	8.3
	8.1
	5.2



Table 3: Monthly variation in physical and chemical parameter of outlet water sample of the Sewage Treatment Plant situated in Joginder Nagar, values are expressed in mg/l in water, expect otherwise mentioned.
	Parameter

Months
	January
	February
	March
	April
	May
	June

	Odor
	Rotten
	Rotten
	Rotten
	Rotten
	Rotten
	Rotten

	Color
	10
	10
	15
	10
	10
	15

	Temperature (o C)
	15.3
	21.9
	18.9
	23.3
	23.1
	24

	pH
	7.1
	7.8
	7.2
	7.4
	7.1
	6.9

	Free CO2
	35
	32
	42
	42
	49
	46

	Alkalinity
	126
	170
	120
	140
	109
	110

	TDS (ppm)
	185
	268
	261
	171
	250
	250

	Conductivity (d  S/m)
	2
	2
	2
	2
	2
	2

	Turbidity (NTU)
	80.4
	202
	54.1
	46.9
	60.5
	51.8

	TH
	50
	76
	70
	62
	65
	71

	Calcium
	8
	28
	27.8
	19
	23
	30

	Magnesium
	42
	42
	42.2
	43
	42
	41

	BOD
	12.5
	4.2
	4.1
	4.8
	6.8
	3.6

	COD
	144
	176
	160
	168
	172
	159

	DO
	6.25
	5.41
	9.16
	10.4
	9.5
	6.8



Color

Figure 1: Variation of Color between Inlet and Outlet water of the STP
The STP demonstrated notable reduction in water color (Table 2 and 3 and Fig.1), with values decreasing from 25–35 (inlet) to 10–15 (outlet), suggesting effective sedimentation and oxidation processes. Color reduction confirms the removal of substances through processes like sedimentation and biological treatment. Slight increase in March and June suggest seasonal factors may influence treatment efficiency. As per CPCB (2008) guidelines, treated water should ideally appear colorless before discharge or reuse.
Temperature
Temperature varied seasonally (Table 2, 3 and Fig.2), from 14.8°C to 23.8°C (inlet) and 15.3°C to 24°C (outlet), showing minor elevation due to biological processes. Temperature of inlet water ranges from 14.80C  to 23.80C, while outlet temperature ranges between 15.30C and 23.30C. The lowest temperature was recorded in the month of January(14.890C inlet,23.30C outlet). Temperature influences the effectiveness of treatment, dissolved oxygen and microbial growth. The outlet temperature was slightly higher than the inlet, that can be due to biological activity and environmental conditions during the treatment. Temperature has a great influence the effective treatment, dissolved oxygen and microbial growth. Change in temperature cand made a huge impact on aquatic ecosystem if too hot or too cold water is released into the rivers and lakes directly.

Figure 2: Variation of Temperature (oC) between Inlet and Outlet water of the STP
pH
The pH, a measure of acidity or alkalinity, is crucial for maintaining environmental and biological balance. In sewage treatment (Table 2, 3 and Fig.3), pH stability ensures system efficiency and environmental safety. The study observed inlet pH values ranging from 6.3 to 6.8 and outlet values between 6.9 and 7.8, indicating a slight increase post-treatment. Throughout the study, both influent and effluent pH levels remained in a moderately neutral range. The observed pH trend indicates that the sewage treatment plant is effectively regulating and stabilizing the pH of the wastewater. Maintaining a balanced pH is essential, as significant deviations toward acidity or alkalinity can impair biological treatment processes and pose risks to aquatic ecosystems. According to the guidelines set by CPCB (2008) and BIS (2012), the permissible pH range for treated effluent discharge is between 6.5 and 8.5. The outlet pH values in this study largely remain within this range, suggesting that the plant is functioning efficiently and producing water that is suitable for safe discharge into the environment or potential reuse applications.

Figure 3: Variation of pH between Inlet and Outlet water of the STP
Free CO2
The study showed that free CO₂ levels were consistently higher in the outlet than the inlet (Table 2, 3 and Fig.4), peaking at 49 mg/L in May. This rise is linked to increased microbial activity during warmer months, which breaks down organic matter and releases CO₂.The consistent elevation of free CO₂ concentrations in the outlet relative to the inlet indicates intensified microbial mineralization of organic matter during the biological treatment stages. This trend, particularly prominent during warmer months, reflects temperatureinduced enhancement of microbial metabolic rates, leading to increased CO₂ production. Although regulatory standards such as CPCB (2008) and BIS (2012) do not mandate specific limits for free CO₂, concentrations. These findings suggest the necessity for post-treatment measures, such as aeration, to ensure effluent quality complies with environmental norms.Although biological treatment is effective, the high CO₂ levels suggest a need for post-treatment steps like aeration. This would help stabilize the water and make it safer for discharge or reuse.


Figure 4: Variation of Free CO2 (mg/l) between Inlet and Outlet water of the STP.
Alkalinity
During the study, inlet alkalinity ranged from 152 to 260 mg/L(Table 2, 3 and Fig.5), often exceeding safe limits due to household and industrial waste. After treatment, outlet values dropped to a safer range of 109–140 mg/L. Alkalinity reduction in sewage treatment primarily occurs through biochemical oxidation of organic and nitrogenous compounds, leading to acid formation that neutralizes available alkalinity. Seasonal fluctuations in influent levels are attributed to variable wastewater composition from domestic and industrial sources. Inlet values frequently exceeded the CPCB (2008) and BIS (2012) permissible limit, while treated effluent remained within acceptable standards. This indicates effective alkalinity control by the STP, contributing to pH stabilization and compliance with regulatory guidelines. The reduction shows the plant effectively removes excess alkalinity through biological processes.

Figure 5: Variation of Alkalinity (mg/l) between inlet and outlet water of the STP.
Total Dissolved Solids (TDS)


Figure 6: Variation of TDS (mg/l) between Inlet and Outlet water of the STP.
During the study, inlet TDS levels ranged from 220 to 320 mg/L (Table 2, 3 and Fig.6), while outlet levels dropped to between 171 and 268 mg/L. The observed reduction in Total Dissolved Solids (TDS) can be attributed to the combined action of physical processes such as sedimentation and filtration, alongside biological mechanisms that aid in the removal of dissolved and suspended matter. Notably, the lower TDS values recorded in March may be linked to seasonal decreases in influent organic and inorganic load, likely due to variations in domestic water use. Inlet TDS levels ranged from 220–320 mg/L, while outlet values were between 171–268 mg/L, remaining within the acceptable limits set by CPCB and BIS (2012). These findings suggest efficient TDS removal and satisfactory performance of the STP.
Conductivity
Inlet conductivity during the study ranged from 2 to 3 S/m (Table 2, 3 and Fig.7), with higher values seen in January, March, and June, likely due to increased salt and ion loads in the wastewater. The outlet conductivity remained steady at 2 S/m across all months, showing the plant’s effectiveness in reducing dissolved ionic substances. The data demonstrate a notable reduction in electrical conductivity from inlet to outlet during specific months, indicating the effective performance of the STP’s physical, chemical, and biological treatment mechanisms in eliminating dissolved ionic species. Elevated inlet conductivity in January, March, and June likely reflects increased discharge of salt-rich domestic and commercial effluents. Seasonal variations in water usage may explain lower values during other months. According to CPCB and BIS (2012), although no explicit conductivity limits are set, treated water with reduced conductivity can be reused for non-potable applications such as irrigation and industrial use.

Figure 7: Variation of conductivity (S/m) between inlet and outlet water of the STP.
Turbidity
Turbidity levels in the sewage water dropped from a high of 435 NTU at the inlet (January) to 80.4 NTU (Table 2, 3 and Fig.8) at the outlet, showing that the plant is reducing suspended impurities to some extent. Elevated turbidity levels in January suggest a higher particulate load, whereas the lowest levels in April indicate relatively better treatment efficiency. However, outlet turbidity values consistently exceeded the CPCB and BIS (2012) limits, highlighting inefficiencies in the removal process. This poses risks to disinfection efficacy and microbial safety, underscoring the need to enhance the sedimentation and filtration components of the STP.This indicates that the treatment isn’t fully effective, and the water may still be unsafe for reuse or discharge. To meet safety standards, the STP needs better sedimentation and filtration processes.


Figure 8: Variation of Turbidity (NTU) between inlet and outlet water of the STP.
Total Hardness


Figure 9: Variation of Total Hardness (mg/l) between Inlet and Outlet water of the STP.
Total hardness in the sewage ranged from 68 to 90 mg/L at the inlet and dropped to 50–71 mg/L at the outlet (Table 2, 3 and Fig.9), showing a clear reduction after treatment. This decrease is due to processes like precipitation, ion exchange, and microbial activity. Higher inlet levels in January may be linked to increased domestic wastewater.A consistent reduction in total hardness from inlet to outlet indicates effective treatment through mechanisms such as chemical precipitation, ion exchange, and microbial activity. Elevated inlet levels in January may reflect increased discharge from domestic and institutional sources. As per CPCB and BIS (2012) guidelines, total hardness should not exceed 200 mg/L, though up to 600 mg/L is permissible in the absence of alternative sources. The observed values remained within these limits, demonstrating the STP’s satisfactory performance in hardness removal.
Calcium
Calcium levels in the inlet water dropped from 126 mg/L in January to 50 mg/L in June, while outlet levels remained steady between 41–43 mg/L throughout (Table 2, 3 and Fig.10). The sharp reduction, especially in January, shows that the STP is effectively removing excess calcium through processes like precipitation and sedimentation. This steady performance ensures the water is safe for discharge or reuse and helps prevent issues like scaling. Post-treatment, calcium levels consistently indicating effective removal and compliance with BIS (2012) and CPCB standards for reuse and discharge.

Figure 10:  Variation of Calcium (mg/l) Between inlet and outlet water of the STP.
Magnesium
From January to June, inlet magnesium levels ranged between 12–34 mg/L, with outlet values between 8–30 mg/L (Table 2, 3 and Fig.11). Interestingly, in most months, outlet levels were slightly higher than the inlet, possibly due to sludge release, external inflow, or sampling errors. Only in January was there a significant reduction, suggesting effective treatment.A notable reduction was observed in January, suggesting effective removal during that month. Treated effluent levels ranged consistently below both BIS (2012) limits and environmentally acceptable for reuse. Although CPCB (does not specify effluent limits for magnesium, the observed values indicate efficient regulation and safe discharge potential.Overall, the STP maintains safe magnesium levels, but further investigation is needed to improve consistency.


Figure 11: variation of Magnesium (mg/l) between inlet and outlet water of the STP.
Biological Oxygen Demand (BOD)
From January to June, BOD levels at the STP outlet were often higher than at the inlet, which is unusual and suggests possible issues with treatment efficiency or sampling errors (Table 2, 3 and Fig.12). For instance, January showed an inlet BOD of 0.4 mg/L but an outlet value of 12.5 mg/L. This indicates that although the plant meets basic regulatory norms, improvements are needed to ensure better organic waste removal and water quality. Although these values comply with CPCB discharge standards, they exceed the BIS (2012) guidelines. Elevated BOD in the effluent, particularly in January and April, indicates incomplete organic matter degradation and presence of organic pollutants and microbial activity. This suggests potential inefficiencies in the treatment process or issues related to sampling accuracy, warranting closer operational assessment.

Figure 12:  Variation of BOD (mg/l) between inlet and outlet water of the STP.
Chemical Oxygen Demand (COD)
Between January and June, COD levels in the sewage dropped from 268–296 mg/L at the inlet to 144–176 mg/L at the outlet (Table 2, 3 and Fig.13), showing the STP is effectively reducing organic pollution. The biggest drop was seen in January, indicating strong treatment performance. These mechanisms are crucial for the degradation of organic pollutants. All outlet values surpassed the CPCB minimum requirement of 4 mg/L for safe discharge into surface waters. This consistent improvement reflects the system’s operational efficiency and its ability to maintain suitable conditions for aquatic life.While the plant meets environmental standards, additional treatment would be needed for higher quality water reuse.


Figure 13: Variation of COD (mg/l) between Inlet and Outlet water of the STP.

Dissolved Oxygen
From January to June, dissolved oxygen (DO) levels consistently increased after treatmentfrom 5.2–8.7 mg/L at the inlet to as high as 10.4 mg/L at the outlet (Table 2, 3 and Fig.14). This rise shows the STP is effectively maintaining aerobic conditions, essential for breaking down organic matter. Overall, the plant is enhancing water quality and ensuring the treated effluent is safe for discharge into the environment.These mechanisms are crucial for the degradation of organic pollutants. All outlet values surpassed the CPCB minimum requirement for safe discharge into surface waters. This consistent improvement reflects the system’s operational efficiency and its ability to maintain suitable conditions for aquatic life.

Figure 14: Variation of DO (mg/l) between inlet and outlet water of the STP.

Water Quality Index (WQI)
Water Quality Index (WQI) of outlet calculated and compare with the standards given by WHO (2004) (Table.4). The value of the outlet sample is (72.274) surpass the acceptable limits signifying considerable pollution levels. These elevated readings indicate that the water contains contaminants in concentrations unsuitable for safe use. The quality deterioration is likely due to the accumulation of toxic elements such as heavy metals, disease-causing microorganisms, excessive nutrients, and organic matter. Potential sources contributing to this pollution include domestic wastewater, industrial effluents, and surface runoff from agricultural areas.
Table 4: Water Quality Index of inlet and outlet water
	Water Quality Index Level
	Sample  Value
	Water Quality Status

	0 -25
	-
	Excellent

	26 -49
	-
	Good quality

	50 – 70
	-
	Poor

	71 – 89
	72.247
	Very poor

	90 - 100
	-
	Unsuitable for drinking



The results indicate that the water is significantly contaminated, with several parameters such as alkalinity, calcium content, and total dissolved solids (TDS) exceeding the permissible limits established by the Central Pollution Control Board (CPCB). However, some factors like pH and turbidity remain within acceptable ranges. This suggests that although the water is not suitable forsensitive uses, it still holds potential for irrigation purposes. With appropriate treatment and management, this water can be safely utilized for agricultural activities, particularly in regions facing water scarcity. Reusing such treated wastewater can help conserve freshwater resources while supporting sustainable farming practices.
CONCLUSION
The assessment of the sewage treatment plant (STP) located in Joginder Nagar, Himachal Pradesh, reveals a mixed performance in terms of treatment efficiency. While several parameters such as total dissolved solids (TDS), chemical oxygen demand (COD), turbidity, and dissolved oxygen (DO) levels improved significantly after treatment, other indicators showed inconsistencies that warrant attention. Notably, the plant demonstrated effectiveness in reducing TDS from an average of 285 mg/L to 237 mg/L, and COD from 279 mg/L to 163 mg/L, both within permissible limits as per Central Pollution Control Board (CPCB) norms. Similarly, DO levels improved post-treatment, indicating effective aeration and microbial activity. However, the consistently foul odor in both inlet and outlet samples throughout the six-month period indicates inadequate removal of volatile organic compounds, undermining public acceptance and reuse potential. Furthermore, the biological oxygen demand (BOD) values displayed anomalies, with outlet concentrations occasionally exceeding inlet levels, suggesting possible sampling errors or biological process imbalances. The increase in magnesium concentration post-treatment is also a matter of concern, pointing to the need for enhanced nutrient management strategies. These findings highlight the partial effectiveness of the STP in achieving its treatment goals. While it meets several physicochemical standards, the inconsistencies in biological parameters and odor control reflect gaps in system optimization. To enhance performance, the plant requires periodic process audits, improved microbial monitoring, and upgrades in odor management and nutrient recovery systems. Strengthening these aspects would not only improve treatment quality but also align the STP more closely with national environmental and public health objectives. Ultimately, this study emphasizes the importance of continuous evaluation and operational enhancement for sustainable sewage management in small towns like Joginder Nagar.
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pH (inlet)	January	February	March	April	May	June	6.4	6.9	6.5	6.6	6.8	6.3	pH (outlet)	January	February	March	April	May	June	7.1	7.8	7.2	7.4	7.1	6.9	



Free CO2  (Mg/l)
Free CO2( inlet)	January	February	March	April	May	June	29	25	36	34	32	30	Free CO2 (outlet)	January	February	March	April	May	June	35	32	42	42	49	46	January	February	March	April	May	June	



Alkalinity (Mg/l)
Alkalinity(inlet)	January	February	March	April	May	June	174	210	152	260	159	180	Alkalinity(outlet)	January	February	March	April	May	June	126	170	120	140	109	110	



TDS (Mg/l)
Total Dissolved Solids (inlet)	January	February	March	April	May	June	307	320	280	270	310	280	Total Dissolved Solids (inlet)	January	February	March	April	May	June	185	268	261	171	250	250	



Conductivity (S/m)
Conductivity (inlet)	January	February	March	April	May	June	3	3	2	3	2	3	Conductivity (outlet)	January	February	March	April	May	June	2	2	2	2	2	2	



Turbidity (NTU)
Turbidity (inlet)	January	February	March	April	May	June	435	233	104	182	205	250	Turbidity (outlet)	January	February	March	April	May	June	80.400000000000006	80.2	54.1	46.9	60.5	51.8	



Total Hardness (Mg/l)
Total Hardness (inlet)	January	February	March	April	May	June	90	78	68	88	86	68	Total Hardness (outlet)	January	February	March	April	May	June	50	76	70	62	65	71	



Calcium  (Mg/l)
Calcium (Inlet)	January	February	March	April	May	June	126	63	56	67	68	50	Calcium (Outlet)	January	February	March	April	May	June	42	42	42.2	43	42	41	



Magnesium (mg/l) 
Magnesium (Inlet)	January	February	March	April	May	June	34	15	12	21	25	18	Magnesium (outlet)	January	February	March	April	May	June	8	28	27.8	19	23	30	



BOD (mg/l)
Biological Oxygen Demand (Inlet)	January	February	March	April	May	June	0.4	3.8	2.4	3.6	4.5	2.5	Biological Oxygen Demand (outlet)	January	February	March	April	May	June	12.5	4.2	4.0999999999999996	4.8	6.8	3.6	



COD (Mg/l)
Chemical Oxygen Demand (inlet)	January	February	March	April	May	June	272	268	268	292	296	172	Chemical Oxygen Demand(outlet)	January	February	March	April	May	June	144	176	160	168	172	159	



DO (Mg/l)
Dissolved Oxygen (inlet)	January	February	March	April	May	June	5.8	5.8	8.7000000000000011	8.3000000000000007	8.1	6.8	Dissolved Oxygen (outlet)	January	February	March	April	May	June	6.2	5.4	9.1	10.4	9.5	5.2	





21

image1.jpeg
H.P JAL SHAKTI VIBHAG

SEWAGE TREATMENT PLANI

JOGINDER NAGAR
200 MTR.m=

Lat 31.979022, Long 76.794191
02/07/2025 10:32 AM GMT+05:30
aptured by GPS Map Camera





image2.jpeg
| 05/15/2025 01:10 PM GMT+05:30
Note : Captured by GPS Map Camera

i‘  Lat 32.106207, Long 76.533316
8




