




Comparative Evauation of Rice Husk and Neem Leaf Powder as Natural Materials in Sewage Treatment


ABSTRACT
The uncontrolled discharge of untreated municipal sewage presents significant environmental and public health challenges, highlighting the need for affordable and sustainable wastewater treatment technologies. This study investigates the applicability of rice husk (RH) and neem (Azadirachta indica) leaf powder (NLP) as natural biosorbents for the treatment of municipal sewage. Sewage samples collected from Srirampura, Bengaluru, were treated under controlled laboratory conditions using a standard jar test apparatus with varying biosorbent dosages. Treatment performance was evaluated through the analysis of key physicochemical and biological parameters, including pH, total hardness, calcium, magnesium, chloride, alkalinity, acidity, total dissolved solids (TDS), and biochemical oxygen demand (BOD), following APHA standard analytical protocols. Both RH and NLP exhibited dosage-dependent improvements in effluent quality, demonstrating substantial pollutant removal efficiencies. Rice husk showed higher removal efficiencies for calcium, chloride, TDS, and BOD, whereas neem leaf powder was more effective in reducing total hardness and acidity and in stabilizing pH. Overall, rice husk demonstrated comparatively higher adsorption capacity across most measured parameters. The results indicate that agricultural and biological waste materials such as rice husk and neem leaf powder can serve as low-cost, environmentally benign biosorbents, offering a promising approach for decentralized and sustainable municipal sewage treatment.
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INTRODUCTION
Water pollution is a significant environmental issue affecting ecosystems worldwide. It arises from various sources, including industrial effluents, mining activities, agricultural runoff, and domestic wastewater discharge (Arshad et al., 2019). Over the past few decades, human-induced activities have intensified, leading to an alarming increase in water contamination. In India, rapid industrial growth and urban expansion have exacerbated water pollution, with untreated or inadequately treated sewage being a major contributor to river pollution.
Water contamination occurs due to the influx of organic and inorganic pollutants, primarily from industrial processes, which have increased exponentially, raising global concerns. Mining and metallurgical industries discharge wastewater containing hazardous heavy metals that persist in the environment due to their non-biodegradable nature. These metals dissolve in aquatic environments, facilitating their absorption by living organisms. Upon entering the food chain, they accumulate and magnify in higher trophic levels, posing severe health risks if ingested beyond permissible limits (Tripathi et al., 2015).
The rapid expansion of urban populations has increased domestic water consumption, leading to higher volumes of municipal wastewater. In many regions, untreated municipal and industrial wastewater is directly discharged onto land or into water bodies. Globally, approximately 20 million hectares of agricultural land are irrigated with wastewater, leading to long-term heavy metal accumulation in the soil, which in turn affects crop productivity and food safety (Wuana et al., 2011).
Water Pollutants
Pollutants are substances that degrade environmental quality and cause detrimental effects. Depending on their persistence, pollutants may cause either short-term or long-term damage. Biodegradable pollutants break down relatively quickly, leading to transient environmental impacts. However, persistent pollutants such as synthetic chemicals, plastics, and heavy metals accumulate over time, causing prolonged environmental degradation (Chaudhry et al., 2017).
Wastewater pollutants pose significant risks to public health and aquatic ecosystems. Many contaminants act as disease vectors, introducing viruses, protozoa, parasitic worms, and bacteria into sewage systems. These microorganisms thrive in wastewater, leading to the spread of waterborne diseases such as cholera, dysentery, and typhoid.
Sources of Water Pollution
Water pollution originates from two primary sources:
· Point Sources: These are identifiable sources of pollution where contaminants enter water bodies directly, such as industrial effluents, sewage treatment plants, and storm drains.
· Non-Point Sources: These sources are diffuse and difficult to regulate, often resulting from pesticide and fertilizer runoff from agricultural lands, atmospheric deposition, and surface water runoff (Chaudhry et al., 2017).
Sewage and Wastewater
The terms “sewage” and “municipal wastewater” are often used interchangeably. Sewage refers to wastewater generated by communities, including residential, commercial, institutional, and public facilities. It is typically transported through sewer systems and contains a mixture of organic and inorganic waste, including soaps, detergents, and food residues. Sewage can be further classified into:
· Grey Water: Wastewater from sinks, bathtubs, showers, dishwashers, and washing machines.
· Black Water: Wastewater containing human excreta, primarily from toilets.
Wastewater Treatment Methods
To mitigate the adverse effects of water pollution, cost-effective wastewater treatment technologies must be developed to support sustainable industrial and agricultural development. Conventional treatment methods involve physical, chemical, and biological processes to remove contaminants and improve water quality.
Adsorption Technology
Adsorption is a widely used, eco-friendly wastewater treatment technology that utilizes cost-effective bio-sorbents. This process occurs when solute molecules accumulate on the surface of a solid or liquid, forming a molecular or atomic layer due to attractive intermolecular forces (Prasad, 2021). Several agricultural waste materials, including maize leaves, coconut husk, wheat bran, bagasse, tea waste, peanut shells, rice husk, and neem leaves, have demonstrated significant adsorption potential for removing pollutants from wastewater (Kukwa et al., 2020).
From an environmental and economic perspective, natural materials and agricultural by-products can serve as sustainable adsorbents, replacing expensive and synthetic alternatives (Zhao, 2016). The increasing generation of industrial and domestic waste has led to serious disposal challenges, making the adoption of bio-sorbents a viable and environmentally responsible solution (Geethakarthi, 2021).
MATERIALS AND METHODS
Materials
Rice husk (RH) and neem leaf powder (NLP) were selected as natural biosorbents due to their abundance, low cost, and favorable physicochemical properties. Rice husk, a by-product of rice milling, is rich in cellulose, lignin, and silica, which impart high adsorption potential. Neem leaves (Azadirachta indica) contain bioactive compounds and positively charged proteins that enhance coagulation and pollutant removal efficiency.
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     Fig 1: Rice Husk                                                                                           Fig 2: Neem Leaves                                                                  	                                                                                           
Study Area and Sample Collection
Municipal sewage samples were collected from the Srirampura locality, Bengaluru, India. The region experiences a tropical climate with an average annual temperature of approximately 22.9°C and an annual rainfall of about 960 mm. Samples were collected during the monsoon season, resulting in dilute wastewater. A total volume of 20 L of sewage was collected in clean polyethylene containers and stored under refrigerated conditions prior to analysis to prevent physicochemical alterations. 
[image: ]
Fig 3: Map showing the location of the sampling point
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	Method
	Instrument used
	Unit

	pH
	Electrometric
	pH pen
	-

	Temperature
	-
	Thermometer
	°C

	Acidity
	Titration
	-
	mg/L

	Alkalinity
	Titration
	-
	mg/L

	Chloride
	Titration
	-
	mg/L

	Calcium
	Titration
	-
	mg/L

	TDS
	Evaporation
	TDS meter
	mg/L

	BOD
	Sodium thiosulphte
	-
	mg/L

	Magnesium
	Titration
	-
	mg/L

	Total hardness
	Titration
	-
	mg/L


Table 1. Methods adopted for the analysis of various parameters




Preparation of Adsorbents
Fresh neem leaves were collected locally, washed thoroughly, and air-dried for 2–3 days. The dried leaves were pulverized using a mechanical grinder and sieved to obtain uniform particle size. The prepared neem leaf powder was stored in airtight containers until use.
Rice husk was procured from a local rice mill in Srirampura, Jakkur. The husk was washed repeatedly with tap water followed by distilled water to remove surface impurities. The washed husk was oven-dried at 60°C for 2 h, ground into fine powder, sieved, and stored in airtight containers for subsequent experiments.
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Fig 4: Neem Leaf Powder    Fig 5: Rice husk Powder
Experimental Procedure
Batch adsorption experiments were conducted using a digital jar test apparatus to evaluate the treatment efficiency of RH and NLP. For NLP treatment, 50 mL sewage samples were placed in a series of beakers, and NLP was added at dosages of 0.2, 0.4, 0.6, 0.8, and 1.0 g. For RH treatment, dosages of 2, 4, 6, 8, and 10 g were employed. The samples were subjected to rapid mixing at 100 rpm for 2 min, followed by slow mixing at 40 rpm for 20 min, and allowed to settle for 45 min. After sedimentation, the samples were filtered using Whatman No. 41 filter paper, and the filtrate was collected for analysis.
Principle
Digital flocculator works on the principle of stirring from the top by spindles providing information on coagulation and flocculation of untreated water in the jar. The speed regulator can fix the speed and the display will show accurate results of RPM.  Rapid mixing-2 min (100 RPM), Slow mixing- 20 min (40 RPM) and Sedimentation- 45 min (Anju et al., 2016). 
The percentage of adsorption can be calculated as 
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Where, C0 is the initial concentration,
 Ce is the concentration at equilibrium (Ibrahim et al., 2014)
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Fig 6: Jar test apparatus
Analytical Methods
Physicochemical and biological parameters including pH, total hardness, calcium, magnesium, chloride, alkalinity, acidity, total dissolved solids (TDS), and biochemical oxygen demand (BOD) were analyzed following standard methods prescribed by APHA (2007). pH was measured electrometrically, TDS using a digital TDS meter, and other parameters were determined using standard titrimetric procedures. BOD was determined using the 5-day incubation method at 20°C.
	Parameters
	Permissible limit

	Temperature
	25-28 ºC

	pH
	6.5-8.5

	Chloride
	250 mg/L

	Acidity
	-

	Alkalinity
	200mg/L

	Calcium
	75 mg/L

	Magnesium
	30 mg/L

	Hardness
	200 mg/L

	TDS
	500 mg/L

	BOD
	40 mg/L


Table 2. Permissible limit for the Physico-chemical parameters (BIS 10500-2012)





RESULT AND DISCUSSION
RICE HUSK AS ADSORBENT:
Total hardness
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes with continuous stirring. The result is as follows 288.75±8.53 to 268.85±5.82 for 2g, 265.5±4.39 for 4g, 258.0±8.67 for 6g, 187.0±16.10 for 8g and 164.0±7.72 for 10g. The maximum reduction was observed in 8g that is 48.2% at 27°C and minimum reduction in 2g that is 6.3% at 27ºC.


Fig 7: Reduction of Total Hardness before and after treatment using rice husk at different dosages

	Dosage (g)
	Before treatment
	After treatment

	2.0
	288.75±8.53
	268.85±5.82

	4.0
	288.75±8.53
	265.5±4.39

	6.0
	288.75±8.53
	258±4.39

	8.0
	288.75±8.53
	187± 16.10

	10.0
	288.75±8.53
	164±7.72


Table 3: Reduction of Total Hardness before and after treatment
Calcium
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8, 10g was kept for treatment in a jar test apparatus for about 40-45 minutes with continuous stirring. The result is as follows 62.1±0 to 52.5±5.28 for 2g, 40.625±8.58 for 4g, 57±2.49 for 6g, 19.3±0.716 for 8g and 13.1±1.42 for 10g. The maximum reduction was found be in 10g that is 78.0% at 27°C and minimum in 2g of adsorbent that is 15% at 27.6 ºC.

Fig 8: Reduction of Calcium before and after treatment with different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	62.1±0
	52.5±5.28

	4
	62.1±0
	40.625±8.58

	6
	62.1±0
	26.57±2.49

	8
	62.1±0
	19.3±0.716

	10
	62.1±0
	13.1±1.42











Table 4: Reduction of Calcium before and after treatment with different dosage of rice husk
Acidity 
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes with continuous stirring. The result is as follows. 86.25±1.5 to 85.1±1.51 for 2g, 84.85±1.98 for 4 g, 75.75±3.30 for 6 g, 66.25±3.86 for 8 g and 56.33±3.05 for 10g. The maximum reduction was observed in 8g that is 12.4% at 27°C and minimum reduction in 2g i.e., 9.4% at 27.6ºC. 

 Fig 9: Reduction of Acidity before and after treatment by using different dosage of rice husk

	Dosage (g)
	Before treatment
	After treatment

	2
	86.25±1.5
	85.1±1.51

	4
	86.25±1.5
	84.85±1.98

	6
	86.25±1.5
	75.75±3.30

	8
	86.25±1.5
	66.25±3.86

	10
	86.25±1.5
	56.33±3.05










Table 5: Reduction of Acidity before and after treatment with different dosage of rice husk
Alkalinity
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes with continuous stirring. The result as follows, 278.25±1.70 to 275.02±2.19 for 2g, 266.25±0.95 for 4g, 254.75±1.70 for 6g, 235.5±14.15 for 8g and 191.75±14.63 for 10g. The maximum reduction was observed in 10g i.e., 35% at 27°C and minimum in 2g that is 5%.

Fig 10: Reduction of Alkalinity before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	278.25±1.70
	275.02±2.19

	4
	278.25±1.70
	266.25±0.95

	6
	278.25±1.70
	254.75±1.70

	8
	278.25±1.70
	235.5±14.15

	10
	278.25±1.70
	191.75±14.63


Table 6: Reduction of Alkalinity before and after treatment with different dosage of rice husk
Chloride 
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8, and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes with continuous stirring. The result as follows 60.37±0 to55.02±0 for 2g, 49.3±1.01 for 4g, 45.25±1.5 for 6g, 36.75±2.87 for 8g and 30.075±0.86 for 10 g respectively. The maximum reduction was observed in 8g i.e., 39% and minimum in 2g i.e., 13.9%. 

Fig 11: Reduction of Chloride before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	60.37±0
	55.02±0

	4
	60.37±0
	49.3±1.01

	6
	60.37±0
	45.25±1.5

	8
	60.37±0
	36.75±2.87

	10
	60.37±0
	30.075±0.86










Table 7: Reduction of Chloride before and after treatment with different dosage of rice husk
Magnesium 
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 237.49±0 to 235±0.81 for 2g, 232.75±1.5 for 4g, 229±2.94 for 6g, 211.75±1.70 for 8g and 195.2±5.12 for 10g. The maximum reduction was observed in 10g i.e., 15% and minimum in 2g i.e., 7.5% at 27 ºC.

Fig 12: Reduction of Magnesium before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	237.49±0
	235±0.81

	4
	237.49±0
	232.75±1.5

	6
	237.49±0
	229±2.94

	8
	237.49±0
	211.75±1.70

	10
	237.49±0
	195.2±5.12


Table 8: Reduction of Magnesium before and after treatment with different dosage of rice husk
Total dissolved solids (TDS)
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 180.3±0.2 to 176.75±0.5 for 2g, 172.25±1.70 for 4g, 163.9±3.86 for 6g, 148±5.41 for 8g and 127.5±4.65 for 10g respectively. The maximum reduction was observed in 10g i.e., 29.2% n and minimum in 2g i.e., 1.9% at 27.2°C.  

Fig 13: Reduction of TDS before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	180.3±0.2
	176.75±0.5

	4
	180.3±0.2
	172.25±1.70

	6
	180.3±0.2
	163.9±3.86

	8
	180.3±0.2
	148±5.41

	10
	180.3±0.2
	127.5±4.65


Table 9: Reduction of TDS before and after treatment with different dosage of rice husk
Biological Oxygen Demand (BOD)
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 37.25±1.70 to 36.6±19.99 for 2g, 31.2±15.25 for 4g, 29.2±13.27 for 6g, 25.8±11.12 for 8g and 22.2±6.83 for 10g respectively. The maximum reduction was observed in 10g i.e., 29.2% and minimum reduction in 2g i.e., 9% at 27.2°C.  

 Fig 14: Reduction of BOD before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	37.25±1.70
	36.6±19.99

	4
	37.25±1.70
	31.2±15.25

	6
	37.25±1.70
	29.2±13.27

	8
	37.25±1.70
	25.8±11.12

	10
	37.25±1.70
	22.2±6.83


Table 10:  Reduction of BOD before and after treatment with different dosage of rice husk

pH
50 ml of raw effluent with known weight of rice husk i.e., 2, 4, 6, 8 and 10g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 8.4±0.34 to 8.2±0.45 for 2g, 8.4±0.34 to 7.8±0.25 for 4g, 8.4±0.34 to 7.2±0.05 for 6g, 8.4±0.34 to 7±0 for 8g, 8.4±0.34 to 7±0 for 10g respectively. The maximum reduction was observed in 8g i.e., 16.6% and minimum reduction in 2g i.e., 2.4% at 27.2°C.  

 Fig 15: Reduction of pH before and after treatment by using different dosage of rice husk
	Dosage (g)
	Before treatment
	After treatment

	2
	8.4±0.34
	8.2±0.45

	4
	8.4±0.34
	7.8±0.25

	6
	8.4±0.34
	7.2±0.05

	8
	8.4±0.34
	7±0

	10
	8.4±0.34
	7±0


Table 11: Reduction of pH before and after treatment with different dosage of rice husk
Neem leaf powder as adsorbent
Total hardness
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8, 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 288.75±8.53 to 279.62±1.25 for 0.2g, 264.5±8.18 for 0.4g, 232.52±19.75 for 0.6g, 207.5±4.35 for 0.8g, and 160.5±15.24 for 1.0g respectively. The maximum reduction was observed in 1.0g i.e., 44% at °C27.2and minimum in 2g i.e., 5% at 27ºc.

Fig 16: Reduction of Total Hardness before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	288.75±8.53
	279.62±1.25

	0.4
	288.75±8.53
	264.5±8.18

	0.6
	288.75±8.53
	232.52±19.75

	0.8
	288.75±8.53
	207.5±4.35

	1.0
	288.75±8.53
	160.5±15.24


Table 12: Reduction of Total hardness before and after treatment with different dosage of Neem leaf 
Calcium
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 62.1±0.0 to 57.95±0.63 for 0.2g, 56.45±0.37 for 0.4g, 52.82±1 for 0.6g, 43.77±1.75 for 0.8 g, and 35.52±2.88 for 1.0g. The maximum reduction was observed in 1.0 g i.e., 42.8% at 26.7 ºC and minimum reduction in 0.2 g i.e., 6.6% at 27°C.

Fig 17: Reduction of Calcium before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	62.1±0.0
	57.95±0.63

	0.4
	62.1±0.0
	56.45±0.37

	0.6
	62.1±0.0
	52.82±1.58

	0.8
	62.1±0.0
	43.77±1.75

	1.0
	62.1±0.0
	35.52±2.88


Table 13:  Reduction of Calcium   before and after treatment with different dosage of Neem leaf 
Acidity 
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows, 86.25±1.5 to 85.00±0.68 for 0.2g, 79.12±0.18 for 0.4 g, 70.00±0.0 for 0.6g, 64.05±0.73 for 0.8g and 50.52±3.87 for 1.0g. The maximum reduction was observed in 1.0g i.e., 41.4% at 27 ºC and minimum reduction in 0.2g 2% at 27°C.

 

Fig 18: Reduction of Acidity before and after treatment by using different dosage of Neem leaf
	Dosage (g)
	Before treatment
	After treatment

	0.2
	86.25±1.5
	85.00±0.68

	0.4
	86.25±1.5
	79.12±0.18

	0.6
	86.25±1.5
	70.0±0.0

	0.8
	86.25±1.5
	64.05±0.73

	1.0
	86.25±1.5
	50.52±3.87


Table 14: Reduction of Acidity before and after treatment with different dosage of Neem leaf
Alkalinity
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 278.25±1.70 to 274.92±1.03 for 0.2g, 267.27±1.03 for 0.4g, 258.05±2.46 for 0.6g, 247.25±6.02 for 0.8g, and 227.75±10.24 for 1.0g. The maximum reduction was observed in 1.0g that is 18% at 27 °C and minimum reduction in 0.2g that is 2% 27.6º C.


 Fig 19: Reduction of Alkalinity before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	278.25±1.70
	274.92±0.62

	0.4
	278.25±1.70
	267.27±1.03

	0.6
	278.25±1.70
	258.05±2.46

	0.8
	278.25±1.70
	247.25±6.02

	1.0
	278.25±1.70
	227.75±10.24









Table 15:  Reduction of Alkalinity before and after treatment with different dosage of Neem leaf 
Chloride
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 60.37±0.43 to 56.57±0 for 0.2g, 53.92±0.65 for 0.4g 46.75±2.15 for 0.6g, 41.67±1.22 for 0.8g, and 32.4±1.11 for 1.0g. The maximum reduction was observed in 1.0g that is 46.3% at 27.5 ºC and minimum reduction in 0.2g that is 6.2% at 27.6ºC. 


Fig 20: Reduction of Chloride before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	60.37±0.43
	56.57±0.50

	0.4
	60.37±0.43
	53.92±0.65

	0.6
	60.37±0.43
	46.75±2.15

	0.8
	60.37±0.43
	41.67±1.22

	1.0
	60.37±0.43
	32.4±1.11


Table 16: Reduction of Chloride before and after treatment with different dosage of Neem leaf 
Magnesium
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 237.49±14.55 to 234.62±075 for 0.2g, 229. 25±5.67 for 0.4g, 224.12±2.49 for 0.6g, 211.77±4.91 for 0.8g, and 187.00±6.87 for 1.0g. The maximum reduction was observed in 1.0g that is 21.25% at 27ºC and minimum reduction in 0.2g that is 19.6% at 27.5ºC.


Fig 21: Reduction of Magnesium before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	237.49±14.55
	234.62±0.75

	0.4
	237.49±14.55
	229.25±5.67

	0.6
	237.49±14.55
	224.12±2.49

	0.8
	237.49±14.55
	211.77±4.91

	1.0
	237.49±14.55
	187.00±6.87


Table 17: Reduction of Magnesium before and after treatment with different dosage of Neem leaf 
Total Dissolved Solids (TDS)
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 180.3±0.2 to 176.02±2.16 for 0.2g, 173.82±1.72 for 0.4g, 165.12±3.30 for 0.6g, 155.95±1.35 for 0.8g and 138.5±6.45 for 1.0g. The maximum reduction was observed   in 0.8g that is 23% at 27.5ºC and minimum reduction in 0.2 g that is 2% at   27.6 ºC.


Fig 22: Reduction TDS before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	180.3±0.2
	176.02±2.16

	0.4
	180.3±0.2
	173.82±1.72

	0.6
	180.3±0.2
	165.12±3.30

	0.8
	180.3±0.2
	155.95±1.35

	1.0
	180.3±0.2
	138.5±6.45




Table 18:  Reduction of TDS before and after treatment with different dosage of Neem leaf
Biological Oxygen Demand (BOD)
50 ml of raw effluent with known weight of neem leaf powder i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 37.25±1.70 to 37.0±21.75 for 0.2g, 36.28±20.68 for 0.4g, 30.92±17.01 for 0.6g, 27.96±15.61 for 0.8g and 23.0±13.32 for 1.0g. The maximum reduction was observed in 0.8g that is 20% at 27.5ºC and minimum reduction in 0.2 g that is 2% at 27.6 ºC.

Fig 23: Reduction of BOD before and after treatment by using different dosage of Neem leaf 
	Dosage (g)
	Before treatment
	After treatment

	0.2
	37.25±1.70
	37.04±21.75

	0.4
	37.25±1.70
	36.28±20.68

	0.6
	37.25±1.70
	30.92±17.01

	0.8
	37.25±1.70
	27.96±15.61

	1.0
	37.25±1.70
	23.0±12.32


Table 19: Reduction of BOD before and after treatment with different dosage of Neem leaf 
pH
50 ml of raw effluent with known weight of rice husk i.e., 0.2, 0.4, 0.6, 0.8 and 1.0g was kept for treatment in a jar test apparatus for about 40-45 minutes for continuous stirring. The result is as follows 8.4±0.34 to 8.2±4.61 for 0.2g, 8.4±0.34 to 7.8±2.06 for 0.4g, 8.4±0.34 to 7.2±2.54 for 0.6g, 8.4±0.34 to 6.9±2.45 for 0.8g, 8.4±0.34 to 6.8±2.38 for 1.0g respectively. The maximum reduction was observed in 1g i.e., 19.0% and minimum reduction in 2g i.e., 2.4% at 27.2°C.  

Fig 24: Reduction of pH before and after treatment by using different dosage of Neem leaf powder
	Dosage (g)
	Before treatment
	After treatment

	0.2
	8.4±0.34
	8.2±4.61

	0.4
	8.4±0.34
	7.8±2.06

	0.6
	8.4±0.34
	7.2±2.54

	0.8
	8.4±0.34
	6.9±2.45

	1.0
	8.4±0.34
	6.8±2.38


Table 20: Reduction of pH before and after treatment with different dosage of Neem leaf powder
	The use of rice husk and neem leaves for sewage treatment in this study demonstrates promising potential for low-cost, eco-friendly wastewater remediation. The high surface area and lignocellulosic composition of rice husk contribute significantly to the adsorption of organic pollutants, while neem leaves introduce antibacterial and antifungal properties that enhance the microbial reduction in the effluent. These findings align with previous studies that have shown rice husk to be an effective biosorbent for removing heavy metals and organic matter due to its porous structure and functional groups. Similarly, research on neem leaf extracts has reported their efficacy in reducing microbial loads and improving water quality, primarily due to the presence of azadirachtin and other bioactive compounds. Compared to conventional chemical treatments, this approach offers a sustainable alternative with minimal environmental impact. Furthermore, in contrast to activated carbon or other commercial adsorbents, these agricultural wastes are readily available and inexpensive, making them particularly suitable for decentralized or rural wastewater management systems. The results of this study confirm and extend existing knowledge, highlighting the synergistic benefits of combining rice husk and neem leaves for enhanced sewage treatment performance.
CONCLUSION
The present study systematically evaluated rice husk and neem (Azadirachta indica) leaf powder as low-cost, environmentally sustainable biosorbents for the treatment of municipal sewage effluent. The results demonstrate that both materials significantly improved effluent quality through the reduction of key physicochemical and biological parameters, confirming their applicability as viable alternatives to conventional chemical-based treatment methods. Adsorption efficiency for both biosorbents was strongly influenced by dosage and was most effective under near-neutral pH conditions, indicating favorable operational compatibility with typical municipal wastewater. Neem leaf powder exhibited higher removal efficiencies for total hardness, acidity, and biochemical oxygen demand (BOD), highlighting its effectiveness in mitigating organic pollution and improving overall water quality. This enhanced performance is likely attributable to the presence of bioactive compounds and positively charged proteinaceous components that facilitate coagulation, adsorption, and complexation mechanisms. Conversely, rice husk demonstrated superior removal of calcium, magnesium, chloride, total dissolved solids (TDS), and related inorganic constituents. These results can be attributed to its silica-rich composition, porous surface morphology, and abundant functional groups, which promote ion exchange and adsorption processes.
Comparative analysis indicates that the treatment efficacy of each biosorbent is contaminant-specific. Rice husk is particularly effective for the removal of dissolved inorganic ions and salinity-related parameters, whereas neem leaf powder shows greater efficiency in reducing hardness, acidity, and organic load. The complementary adsorption characteristics of these materials suggest that their combined or sequential application could enhance treatment performance in decentralized or low-resource wastewater treatment systems. Although the treated effluent did not fully comply with drinking water quality standards, the observed reductions in pollutant concentrations significantly improved water quality, making the effluent suitable for various non-potable reuse applications, such as agricultural irrigation, landscaping, industrial cooling, and groundwater recharge. Furthermore, the use of rice husk and neem leaf powder contributes to the valorization of agricultural and biological residues, supporting circular economy principles and sustainable water resource management.
In conclusion, rice husk and neem leaf powder represent promising natural biosorbents for municipal sewage treatment, offering an environmentally benign, cost-effective, and socially acceptable approach to wastewater management. Future research should focus on adsorption kinetics, regeneration and reuse potential, long-term operational stability, and pilot-scale validation to facilitate large-scale and practical implementation.

REFERENCES:
1. Abbas, M. N. (2015). Phosphorus removal from wastewater using rice husk and subsequent utilization of the waste residue. Desalination and Water Treatment, 55(4), 970-977. https://doi.org/10.1080/19443994.2014.922494 
2. Abbas, M. N., & Abbas, F. S. (2013). Utilization of Iraqi rice husk in the removal of heavy metals from wastewater. Research Journal of Environmental and Earth Sciences, 5(7), 370-380. https://doi.org/10.19026/rjees.5.5664 
3. Arshad, M., Ullah, M. I., Çağatay, N. S., Abdullah, A., Dikmen, F., Kaya, C., & Khan, R. R. (2019). Field evaluation of water plant extracts on sucking insect pests and their associated predators in transgenic Bt cotton. Egyptian Journal of Biological Pest Control, 29(1), 39. https://doi.org/10.1186/s41938-019-0142-8 
4. Babilas, D., & Dydo, P. (2020). Zinc salt recovery from electroplating industry wastes by electrodialysis enhanced with complex formation. Separation Science and Technology, 55(12), 2250-2258. https://doi.org/10.1080/01496395.2019.1663009 
5. Bansal, V., Sharma, A., Ghanshyam, C., Singla, M. L., & Kim, K. H. (2015). Influence of pulsed electric field and heat treatment on Emblica officinalis juice inoculated with Zygosaccharomyces bailii. Food and Bioproducts Processing, 95, 146-154. https://doi.org/10.1016/j.fbp.2015.05.005 
6. Brahmaiah, T., Spurthi, L., Chandrika, K., Ramanaiah, S., & Prasad, K. S. (2015). Kinetics of heavy metal (Cr & Ni) removal from the wastewater by useing low cost adsorbent. World Journal of Pharmacy and Pharmaceutical Sciences, 4(11), 1600-161
7. Kanwal, F., Rehman, R., Mahmud, T., Anwar, J., & Ilyas, R. (2012). Isothermal and thermodynamical modeling of chromium (III) adsorption by composites of polyaniline with rice husk and saw dust. *Journal of the Chilean Chemical Society*, *57*(1), 1058-1063. https://dialnet.unirioja.es/servlet/articulo?codigo=3999999 
8. Singh, S. R., & Singh, A. P. (2012). Treatment of water containing chromium (VI) using rice husk carbon as a new low cost adsorbent. International Journal of Environmental Research. https://doi.org/10.22059/ijer.2012.562 
9. Gayathri, K. S., & Viji, R. (2016). Removal of colour from paper mill waste water using neem leaf powder. International Journal of Applied Engineering Research, 11(3), 7-13. http://www.ripublication.com/ijaer.htm 
10. Maurya, S., & Daverey, A. (2018). Evaluation of plant-based natural coagulants for municipal wastewater treatment. 3 Biotech, 8(1), 77 https://doi.org/10.1007/s13205-018-1103-8 
11. Tripathi, R., & Ahmad, I. (2016). Removal of iron content from ground water by herbal techniques. International Journal of Emerging Technologies in Engineering Research, 4, 119-122.
12. Chaudhry, F. N., & Malik, M. F. (2017). Factors affecting water pollution: A review. J Ecosyst Ecography, 7(1), Article 225. https://doi.org/10.4172/2157-7625.1000225 
13. Geethakarthi, A., & Phanikumar, B. R. (2011). Industrial sludge based adsorbents/ industrial by-products in the removal of reactive dyes – A review. International Journal of Water Resources and Environmental Engineering, 3(1), 1-9. https://doi.org/10.5897/IJWREE.9000029 
14. Rasheed, M. K., & Tayh, W. (2020). Removal of Heavy Metals from Wastewater Using Pomegranate Peel. IOP Conference Series: Materials Science and Engineering, 881(1), 012187. https://doi.org/10.1088/1757-899X/881/1/012187 
15. Al Moharbi, S. S., Devi, M. G., Sangeetha, B. M., & Jahan, S. (2020). Studies on the removal of copper ions from industrial effluent by Azadirachta indica powder. Applied Water Science, 10(1), 1-10. https://doi.org/10.1007/s13201-019-1100-z 
16. Gebretsadik, H., Gebrekidan, A., & Demlie, L. (2020). Removal of heavy metals from aqueous solutions using Eucalyptus Camaldulensis: An alternate low cost adsorbent. Cogent Chemistry, 6(1), 1720892. https://doi.org/10.1080/23312009.2020.1720892 .
17. Eletta, O. A. A., Adeniyi, A. G., Ighalo, J. O., Onifade, D. V., & Ayandele, F. O. (2020). Valorisation of Cocoa (Theobroma cacao) pod husk as precursors for the production of adsorbents for water treatment. Environmental Technology Reviews, 9(1), 20-36. https://doi.org/10.1080/21622515.2020.1730983 
18. Ramkumar, S., Rubini, S., & Kanitha, M. (2020). Investigation Of Structural Characterization Of Bio-Composite Materials In Aviation Industry. International Journal of Scientific & Technology Research, 8(01). https://www.ijstr.org/final-print/jan2020/Investigation-Of-Structural-Characterization-Of-Bio-Composite-Materials-In-Aviation-Industry.pdf 
19. Agila, A., Rosaline Vimala, J., & Stella Bharathy, M. (2018). Adsorption of nickel (II) by low cost Hopea parviflora Saw dust. Journal of Pharmacognosy and Phytochemistry, 7(3), 2452-2455. 
20. Boudaoud, A., Djedid, M., Benalia, M., Ad, C., Bouzar, N., & Elmsellem, H. (2017). Removal of nickel (II) and cadmium (II) ions from wastewater by palm fibers. Scientific Study & Research - Chemistry & Chemical Engineering, Biotechnology, Food Industry, 18(4), 391-405. http://pubs.ub.ro/?pg=revues&rev=cscc6&num=201704&vol=4&aid=4635 
21. Boudaoud, A., Djedid, M., Benalia, M., Ad, C., Bouzar, N., & Elmsellem, H. (2017). REMOVAL OF NICKEL (II) AND CADMIUM (II) IONS FROM WASTEWATER BY PALM FIBERS. Scientific Study & Research. Chemistry & Chemical Engineering, Biotechnology, Food Industry, 18(4), 391-406. http://pubs.ub.ro/?pg=revues&rev=cscc6&num=201704&vol=4&aid=4635 
22. Tharani, A., Harish, R., Mageshkumar, P., & Ramesh, S. (2017). Comparative study on removal of heavy metals from textile industry wastewater using various adsorbent. International Journal of Advanced Science and Engineering Research, 2(2), 12-22. http://www.ijaser.in/ 

23. Mane, V. B., Suryawanshi, M. A., Kumbhar, G. B., Sahu, P. L., & Gajbhiye, P. S. (2016). ADSORPTION FOR THE REMOVAL OF CHROMIUM USING NATURAL ADSORBENTS. International Research Journal of Engineering and Technology, 3(8), 1951-1955. https://www.irjet.net/archives/V3/i8/IRJET-V3I8337.pdf 

24. Malik, R., Lata, S., & Singhal, S. (2015). Removal of heavy metal from wastewater by the use of modified aloe vera leaf powder. Int J Basic Appl Chem Sci, 5(2), 6-17.
25. Rajput, M. S., Sharma, A. K., Sharma, S., & Verma, S. (2015). Removal of Lead (II) from aqueous solutions by orange peel. International Journal of Applied Research, 1(9), 411-413. https://www.internationaljournalofappliedresearch.com/download/2015/7/17/Removal-of-Lead-(II)-from-aqueous-solutions-by-orange-peel.pdf 
26. Geethakarthi, A. (2021). Novel approaches towards sustainable management of an agricultural residue-the rice husk. Nature Environment and Pollution Technology, 20(1), 349-355. https://doi.org/10.46488/NEPT.2021.v20i01.040 
27. Kukwa, R. E., Kukwa, D. T., Oklo, A. D., Ligom, T. T., Ishwah, B., & Omenka, J. A. (2020). Adsorption studies of silica adsorbent using rice husk as a base material for metal ions removal from aqueous solution. American Journal of Chemical Engineering, 8(2), 48-53. https://doi.org/10.11648/j.ajche.20200802.12 
28. Mane, V. B., Suryawanshi, M. A., Kumbhar, G. B., Sahu, P. L., & Gajbhiye, P. S. (2016). Adsorption for the removal of chromium using natural adsorbents. International Research Journal of Engineering and Technology, 3(8), 1951-1955. https://www.irjet.net/archives/V3/i8/IRJET-V3I8P327.pdf .
29. Rose, E. P., Ranjith, Maruthamuthu, D., Rajam, S., Dileepan, B., & Vignesh. (2015). Comparative study of the adsorption of cobalt (II)ions from aqueous solution using low cost adsorbents. Der Pharma Chemica, 7(3), 46-50. http://derpharmachemica.com/2015/volume-7-issue-3/ 
30. Tripathi, A., & Ranjan, M. R. (2015). Heavy Metal Removal from Wastewater Using Low Cost Adsorbents. Journal of Bioremediation & Biodegradation, 6(6), 315. https://doi.org/10.4172/2155-6199.1000315 
31. Zhang, Y., Zheng, R., Zhao, J., Ma, F., Zhang, Y., & Meng, Q. (2014). Characterization of H3PO4-treated rice husk adsorbent and adsorption of copper(II) from aqueous solution. BioMed Research International. https://doi.org/10.1155/2014/496878 


Before treatment	2	4	6	8	10	288.75	288.75	288.75	288.75	288.75	After treatment	2	4	6	8	10	268.85000000000002	265.5	258	187	164	Dosage of rice husk in grams

Total hardness in mg/l



Before treatment	2	4	6	8	10	62.1	62.1	62.1	62.1	62.1	After treatment	2	4	6	8	10	52.5	40.625	26.57	19.3	13.1	Dosage of rice husk in grams


Calcium in mg/l



Before treatment	2	4	6	8	10	86.25	86.25	86.25	86.25	86.25	After treatment	2	4	6	8	10	85.1	84.85	75.75	66.25	56.33	Dosage in grams

Acidity in mg/l



Before treatment	278.25	278.25	278.25	278.25	278.25	After treatment	275.02	266.25	254.75	235.5	191.75	Dosage of rice husk in grams

Alkalinity  in mg/l



Before treatment	2	4	6	8	10	60.37	60.37	60.37	60.37	60.37	After treatment	2	4	6	8	10	55.02	49.3	45.25	36.75	30.074999999999999	Dosage in grams

Chloride in mg/l



Before treatment	2	4	6	8	10	237.49	237.49	237.49	237.49	237.49	After treatment	2	4	6	8	10	235	232.75	229	211.75	195.2	Dosage of rice husk in grams

Magnesium in mg/l



Before treatment	2	4	6	8	10	180.3	180.3	180.3	180.3	180.3	After treatment	2	4	6	8	10	176.75	172.25	163.9	148	127.5	Dosage in grams

TDS in mg/l



Before treatment	2	4	6	8	10	37.25	37.25	37.25	37.25	37.25	After treatment	2	4	6	8	10	36.6	31.2	29.2	25.8	22.2	Dosage in grams

BOD in mg/l



Before treatment	2	4	6	8	10	8.4	8.4	8.4	8.4	8.4	After treatment	2	4	6	8	10	8.1999999999999993	7.8	7.2	7	7	Dosage in grams

pH



Before treatment	0.2	0.4	0.6	0.8	1	288.75	288.75	288.75	288.75	288.75	After treatment	0.2	0.4	0.6	0.8	1	279.62	264.5	232.52	207.5	160.5	Dosage in grams

Total hardness in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	62.1	62.1	62.1	62.1	62.1	After treatment	0.2	0.4	0.6	0.8	1	57.95	56.45	52.82	43.77	35.520000000000003	Dosage in grams

Calcium in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	86.25	86.25	86.25	86.25	86.25	After treatment	0.2	0.4	0.6	0.8	1	85	79.12	70	64.05	50.52	Dosage in grams

Acidity in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	278.25	278.25	278.25	278.25	278.25	After treatment	0.2	0.4	0.6	0.8	1	274.92	267.27	258.05	247.25	227.75	Dosage in grams

Alkalinity in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	60.37	60.37	60.37	60.37	60.37	After treatment	0.2	0.4	0.6	0.8	1	56.57	53.92	46.75	41.67	32.4	Dosage in grams

Chloride in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	237.49	237.49	237.49	237.49	237.49	After treatment	0.2	0.4	0.6	0.8	1	234.62	229.25	224.12	211.77	187	Dosage in grams

Magnesium in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	180.3	180.3	180.3	180.3	180.3	After treatment	0.2	0.4	0.6	0.8	1	176.02	173.82	165.12	155.94999999999999	138.5	Dosage in grams

TDS in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	37.25	37.25	37.25	37.25	37.25	After treatment	0.2	0.4	0.6	0.8	1	37.04	36.28	30.92	27.96	23	Dosage in grams

BOD in mg/l



Before treatment	0.2	0.4	0.6	0.8	1	8.4	8.4	8.4	8.4	8.4	After treatment	0.2	0.4	0.6	0.8	1	8.1999999999999993	7.8	7.2	6.9	6.8	Dosage in grams 

pH





2

image3.png
INDIA
£ £
B i
E £
i 4
B i

KARNATAKA | §

E
£

BENGALURU /

Logena





image4.png




image5.png
% Adsorption =[





image6.jpeg
AR




image1.jpeg




image2.jpeg




