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 To study about the sewage sludge treatment process and its physico-biochemical analysis of sewage sludge for feasible use. 

 Sewage sludge samples were collected from sewage treatment plant, Bhagwanpur, Varanasi, India and processed through 2 mm sieve 
and further analyzed for different physical, 
chemical and biological analysis and compared 
with standard.  

 Sewage sludge consisted multi-
element along with a good amount of organic 
matter.  However, sewage sludge also 
contained some amount of heavy metals and 
organic pollutants that can adversely affect soil 
micro-organisms. 

 Sewage sludge application in 
soil offers essential nutrients for plant growth 
and decreases environmental and economic 
factors that restrict landfill or incineration 
disposal of sewage sludge. However, a careful 
assessment of the characteristics of soil and 
sewage sludge, as well as plant species to be 
grown, is required prior to soil application of 
sewage sludge. The present study will support 
the use of sewage sludge in agriculture to 
improve the soil health with a safe limit 
application.

 Heavy metals, Nutrient status, 
Sewage treatment plants, Sewage sludge  
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Introduction

Soil is considered as a prime resource for any nation 
building, it is necessary to maintain the sustainability to support 
soil health till prolong time. An ideal soil health is able to produce 
optimum amount of yield with maintaining soil sustainability (Lal, 
2020). The country like India which is second after China in terms 
of population needs to maintain the soil health to feed the 
population in the coming year. Currently, India has to produce 301 
million tonn of food grains in 2020-21 to feed the growing 
population. The net cultivated land that’s 142.5 million hectares is 
limited and having pressure on the production of food grains for 
the increasing population. Now a day’s maintenance of soil fertility 
is a prime issue for farmers due to some biotic and abiotic factors. 
Near about 45 million tonnes of nutrients are required out of that 
35 Mt is estimated to be supplied by chemical fertilizer and the 
remaining by organic sources (Jatav et al., 2016). As the current 
scenario clearly indicates that the present worlds’ population is 
increasing at an alarming rate and having mainly focused to move 
in urban areas. This inclination is more particularly in developing 
countries, where an additional 2.1 billion people are expected to 
be living in cities by 2030 (United Nations, 2014; 2015; Jatav et 
al., 2018a). 

The production of sewage sludge in India is increasing at 
a faster rate for which the wastewater treatment facilities are 
being developed. The waste is mainly generated in area where 
population is dense having some less disposal systems. The 
particular contaminated water goes directly into the water bodies 
and contaminates the whole water body and soil system which 
leads to deterioration of quality resulting in disturbance of living 
body (Latare et al., 2014). Sewage sludge is an outcome of 
sewage treatment plants and results from the removal of solids 
and organic matter from the sewage. It is also considered as a 
mixture of water, inorganic and organic materials removed from 
wastewater coming from various sources such as domestic and 
industrial sewage, storm water, runoff from roads and other paved 
area and also through physical, biological, and chemical 
treatments (Jatav et al., 2018b). The solid material remaining 
after sewage treatment is referred to as ‘bio-solids’ or ‘sewage 
sludge’. Often these materials can be obtained at little or no cost 
to farmers or landowners (Kidder, 2001). Utilization of sewage 
sludge in agriculture is gaining popularity as a source of waste 
disposal. It widely used in many countries around the world, in the 
European community; over 40 % of sewage sludge (10.13 Mt) is 
used as fertilizer in agriculture (European Commission, 2008). 
However, sewage sludge also contains some amount of heavy 
metals and organic pollutants that can adversely affect soil micro-
organisms (Seleiman et al., 2020). Furthermore, the toxic 
elements go through the food chain due to its uptake and 
accumulation by crops also posing a possible threat to human 
health (Singh and Singh, 2020). 

Sewage treatment plants  are specifically designed to 
treat wastewater emanating from the domestic sector and provide 
only primary and secondary treatment to wastewater functioning 

on activated sludge process technology. There is no provision for 
the advance treatment of wastewater. But, at Varanasi, more than 
seven thousand cottages, small and medium scale industries are 
located in and around the city. Most industries are devoid of 
effluent treatment facility and ultimately discharge their effluents 
laden with toxic metals directly into the municipal sewage, which 
eventually drains into the river Ganga. 

High nutrients and organic matter contents of sewage 
sludge make it an excellent fertilizer to enhance soil fertility and 
crop production. However, the presence of metals is a major 
problem for utilizing sewage in the agriculture sector, but its 
utilization in a proper manner makes it suitable to fulfill the 
nutritional requirement of the crops (Smith, 2009; Cieślik et al., 
2015). The management and disposal of sewage sludge in an 
economically and environmentally acceptable manner is one of 
the most persistent problems of society. The study showed that if 

-1the dose of sewage sludge exceed 45 ton ha , there can be a 
chance for build-up of heavy metals (Latare et al., 2014). Seeking 
its suitability for agriculture purpose to buildup soil fertility, the 
Sewage Treatment Plant sewage sludge of Bhagwanpur was 
analyzed to know the nutrient status. The physical, chemical and 
biological analysis of Bhagwanpur sewage sludge was 
conducted to find out its suitability for agricultural purposes. 

Materials and Methods 

Bagwanpur sewage treatment plant located in Varanasi, 
Uttar Pradesh (India) treats the wastewater coming mainly from 
urban city of Varanasi. The sample of sewage sludge was 
collected from Bhagwanpur Sewage Treatment Plant during the 
summer season of 2018 directly from the drying tank where 
sludge was collected for solidification. The sludge was collected 
in a plastic bag and kept moist for enzyme and microbial analysis 
in freeze up to 10-20 °C. The remaining portion of sludge was 
dried under shade condition and finally processed by 2 mm sieve 
(Fig. 1). Bhagwanpur Sewage Treatment Plant mainly comprises 
three sections: Primary clarifier, Aeration tank and Anaerobic 
digester tank and sludge tank. The primary clarifier consists of a 
type of circular tank (Fig. 2a) where wastewater is held under 
stagnant condition for a period of time till the solids portion 
(Sludge) settles down at the bottom of tank and the lower density 
material flow out from the surface as scum. In the aeration tank 
which is also called secondary treatment process in this process 
the air is pumped to enhance the microbial growth in wastewater 
(Fig. 2b). Bacteria forming the “activated sludge” sent back to the 
aeration basin to enhance the decomposition rate. This process is 
mainly helpful to provide oxygen to the bacteria for treating and 
stabilizing the wastewater. The oxygen is utilized by bacteria to 
decompose the waste. The anaerobic digester tank and sludge 
tank mainly prevents the oxygen to enter and also to minimize the 
odors and to capture the produced methane (Fig. 2c). The bulk 
density of sewage sludge was determined using a method (Piper, 
1966). The water holding capacity of sludge was determined by a 
keen box setting filter paper of same diameter inside the keen box 
using a method (Piper, 1966). The moisture percent in sewage 
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(c) Anaerobic digestor and sludge drying beds

(a) Primary clarifier (b) Aeration tank

Fig. 1 : Sewage sludge in tank of Bhagwanpur  

and sewage sludge in final processing by 2 mm sieve. 

Sewage Treatment Plant

Fig. 2 : Bhagwanpur Sewage Treatment Plant.

sludge was measured using the moisture box formula given 
below :

Where, W is the moisture percentage; M is the mass of empty 1 

container with lid; M is the mass of the container with wet soil and 2 

lid; M is the mass of the container with dry soil and lid.3 

The pH and EC of sewage sludge were determined in 
1:2.5 soil: water solution (Jackson, 1973). The available nitrogen 
content in sewage sludge was determined by 0.32% alkaline 
KMnO  method (Subbiah and Asija, 1956). The available 4

phosphorus content in sewage sludge was determined by 
ascorbic acid method (Olsen et al., 1965). The available 
potassium content in sewage sludge was determined by 1N 
neutral normal ammonium acetate method (Hanway and Heidel, 
1952). The available sulphur content in sewage sludge was 
determined by turbidimetric method outlined by (Chesnin and 
Yien, 1951). Digestion for analyzing total micronutrients and 

heavy metals was performed by aqua regia method. The 
conventional aqua regia digestion procedure consisted digesting 
soil samples on a hot plate with a 3:1 mixture of HCl and HNO  3

(Nieuwenhuize et al., 1991). The micronutrients (Fe, Cu, Mn and 
Zn) and heavy metals (Cd, Cr, Ni and Pb) were analyzed on a 
Atomic Absorption Spectrophotometer (Agilent FS-240) (Lindsay 
and Norvell, 1978). The population of bacteria, fungi and 
actinomycetes in sludge was determined by serial dilution of soil 
and plating technique using Asparagine-Mannitol agar medium 
(Thornton, 1922), Rose Bengal streptomycin agar medium 
(Martin, 1950) and Ken Knight and Munaier’s medium by pour 
plate method (Chhonkar et al., 2002). Urease activity in sludge 
was estimated as the amount of urea hydrolyzed after incubation 
method (Tabatabai and Bremner, 1972). Alkaline phosphatase 
enzyme activity in sewage sludge was measured (Page et al., 
1982). Dehydrogenase activity in sewage sludge was determined 
by triphenyl tetrazolium chloride method (Page et al. 1982). Three 
samples were run for each analysis and the mean of three 
samples and standard error was calculated using software SPSS 
IBM 22. 

Results and Discussion 

Sewage sludge is the outcome of treatment process after 
solidification of treated waste which generally settler down. The 
collected sludge had ample amount of nutrients which may 
improve fertility of the soil. Sludge not only had a good amount of 
nutrients but was a good activator for different enzymes and 
microbes. 

The data of physical properties of sewage sludge is given 
-3in Table 1. The bulk density of sludge was 1.21 mg m  which 

would improve the soil bulk density after adding sludge to the soil 
(Delibacak et al., 2020). The sludge also had good water holding 
capacity (51.24 %) which indicated that soil might be helpful to 
improve physical properties. Water holding capacity is generally 
depending upon the bulk density of the sludge (Latare et al., 2014; 
Delibacak et al., 2020). The moisture content in sludge was 
9.53% which activated different microbes in the soil. The data of 
physical properties of sludge clearly indicates that sludge is a 
good amendment to improve the soil bulk density. Various 
researchers have found that sludge can be a good option to 
improve the soil’s physical properties. Previous studies have also 
reported that sewage sludge has good physical properties that 
can improve the soil’s physical properties. The improvement in 
soil’s physical properties will be helpful in proper aeration of soil 

 M -M2 3 

M –M3 1

W = x 100

Table 1 : Physical properties of sewage sludge of Bhagwanpur 
Treatment Plant  

Parameter Sewage sludge

-3Bulk density (mg m ) 1.21 ± 0.09
Water holding capacity (%) 51.24 ± 2.26
Moisture (%) 9.53 ± 1.14

Values are mean of three replicates ± S.E.)

Sewage 
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which may result in better root growth 
al., 2016; Jatav et al., 2018b). 

The sewage sludge was also further studied for the 
chemical properties and data of chemical properties is presented 
in Table 2. The analysis of sewage sludge of Bhagwanpur STPs 

-1showed pH 6.58±0.62, EC 2.49 dS m , organic carbon 8.19. The 
sewage sludge was also analysed for DTPA extractable available 
nutrient which is available to the plant growth if applied in the soil. 

-1 -1The available N- 155.43 mg kg , P- 68.56 mg kg , K- 174.19 mg 
-1 -1kg  and S- 49.82 mg kg . Whereas, the total N, P, K and S 

contents were 1.72 %, 1.34 %, 0.97 % and 1.14 %, respectively. 
The DTPA extractable Fe, Cu, Mn and Zn contents of sludge were 

-1 -1 -1 -187.64 mg kg , 27.18 mg kg , 34.78 mg kg , 29.52 mg kg , 
whereas the total contents of Fe, Cu, Mn and Zn were 482.54 mg 

-1 -1 -1 -1 kg , 234.91 mg kg , 258.45 mg kg , 152.85 mg kg (Fig. 3 a, b). 
Heavy metal in contents in sludge were also analysed for the safe 
use of sludge in agriculture. DTPA extractable amounts of heavy 

-1metals Cd, Cr, Ni and Pb in sewage sludge was 4.22 mg kg , 9.42 
-1 -1 -1mg kg , 12.39 mg kg  and 9.24 mg kg , respectively whereas the 

total heavy metals Cd, Cr, Ni and Pb in sewage sludge were 22.51 
-1 -1 -1 -1mg kg , 49.31 mg kg , 62.39 mg kg  and 41.58 mg kg , 

respectively (Fig. 3 a, b).

According to Council of the European Communities, 
(1986), the permissible limit for potentially toxic elements such as 
Zn, Cu, Cd, Pb, Ni and Cr in sludge in agricultural soils are 2500, 

”11000, 20, 750, 300 and 750 mg kg , respectively. The sludge used 
for the study contained 152.85, 234.91, 22.51, 41.58, 62.39 and 

-149.31 mg kg of Zn, Cu, Cd, Pb, Ni, and Cr, respectively. Only Cd 
content was above the permissible limit. However, Cd content 

-1 -1was within the permissible limit (85 mg cd kg  and 7500 mg zn kg ), 
as per the US Environmental Protection Agency (1993), 
Exceptional quality’ sludge contains a maximum concentration of 

(Latare et al., 2014; Jatav et Table 2 : Chemical and nutrient properties of sewage sludge of 
Bhagwanpur STPs after final processing by 2 mm sieve

Parameters Sewage sludge

pH (soil:water, 1:2.5) 6.58±0.62
-1EC (dS m ) 2.49±0.02

Organic Carbon (%) 8.19±0.59
-1Available content (mg kg )

Nitrogen 155.43±4.23
Phosphorus 68.56±3.15
Potassium 174.19±5.85
Sulphur 49.82±3.06
Total content (%)
Nitrogen 1.72±0.11
Phosphorus 1.34± 0.08
Potassium 0.97±0.04
Sulphur 1.14±0.07

-1DTPA extractable (mg kg )
Iron 87.64±5.12
Cupper 27.18±2.48
Zinc 29.52±2.59
Manganese 34.78±3.11
Cadmium 4.22±0.14
Chromium 9.42±0.85
Nickel 12.39±1.14
Lead 9.24±0.94

-1Total (mg kg )
Iron 482.54±14.6
Cupper 234.91±11.8
Zinc 152.85±7.81
Manganese 258.45±9.48
Cadmium 22.51±3.45
Chromium 49.31±4.65
Nickel 62.39±5.25
Lead 41.58±2.87

Data are mean of three replicates ±S.E.

-1Fig. 3(a) : DTPA extractable metal content (mg kg ) in sewage sludge of Bhagwanpur Sewage Treatment Plant.
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-1 -141 mg Cd kg  and 2800 mg Zn kg sludge. The EU sludge 
directive (European Commission, 1986) limits agricultural use to 

-1 -1sludge with less than 40 mg Cd kg  and 4000 mg Zn kg . Further, 
it was found that treated sewage sludge can be used for 
agriculture purposes taking precautionary measures. The study 
conducted by researchers on sewage sludge clearly shows that 
present sludge can be used for agriculture purposes to enhance 
soil fertility following safety measure. Although sludge has good 
nutrient value but continuous the use of sludge miay be 
responsible for the buildup of heavy metals in the soil that should 
be kept in view during soil application (Latare et al., 2014; Jatav et 
al., 2016; Delibacak et al., 2020; Kumar et al., 2020).

Microbiological sewage sludge showed significant 
population of bacteria, fungi and actinomycetes. The enzyme 
activity of sludge was also analysed are perusal of data showed 

-1 -172.56 µg TPF released g  soil day  dehydrogenase activity, 
-1 -1Urease activity 288.20 μg urea hydrolysed g  soil hr , 
-1 -1Phosphatase activity 212.59 μg p-PNP formed g  soil day , 

respectively (Table 3). It clearly indicates that the application of 
sewage sludge to soil not only improves the microbial population 

but also improve the enzymatic activity of soil (Jatav et al., 2018a; 
Latare et al., 2018). 

Therefore, it can be concluded that sludge can be a good 
source of nutrient to plants, however, proper soil testing as well as 
sludge testing should be done for proper risk management of 
sludge application to the soil. 
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Table 3: Microbial and enzymatic properties of sewage sludge of Bhagwanpur  after final processing by 2 mm sieve

Parameter Sewage sludge

-6 -1Bacteria (10  cfu g  soil) 38.65±2.54
-4 -1Fungi (10  cfu g  soil) 24.55±3.65

-5 -1Actinomycetes (10  cfu g   soil) 39.20± 2.84
-1 -1Dehydrogenase  (ìg TPF released g  soil day ) 72.56±4.26

-1 -1Urease (ìg urea hydrolysed g  soil h ) 288.20±6.41
-1 -1Phosphatase (ìg p-PNP formed g  soil day ) 212.59±3.85

Data represent mean of three samples with standard error (±)

Sewage Treatment Plant
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