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Abstract  The objective of the present study is to
assess wastewater effluent quality from Bhagwanpur
STP in Varanasi. Wastewater may be used for agri-
cultural as well as for landscape irrigation purposes
therefore, its toxicity potential is quite important.
During the course of investigation treated sewage
effluents were tested for specific physio-chemical
parameters (temperature, pH, EC, TDS, alkalinity, hard-
ness, turbidity, DO, BOD, COD). The findings were
compared to relative regulations and guidelines of
CPCB regarding wastewater reuse potential. The re-
sults of treated water indicate that the wastewater
treatment plant is efficient in treating wastewater,and
treated water can be used for secondary purposes
like industrial cooling and agricultural uses.
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Introduction

Fresh water scarcity is a growing problem in the world
and water resources are becoming insufficient to sat-
isfy demand since most of the cases a climate-bound
regional problems present all over the world. The de-
mographic growth, urbanization, higher living stan-
dards and technological advance have lead to an
unprecedented increase in water demand, not only
for domestic but also for agricultural and industrial
use, thus in many places fresh water is not sufficient
to meet high demand; therefore alternative water re-
sources must be found. Taking into account that high
water consumption increases the volume of waste-
water generated [1, 2] therefore treated municipal
wastewater could be significant alternative water re-
source. Wastewater reclamation and reuse (water re-
cycling) constitutes an increasing practice in areas of
deficient water balance [3, 4] such as in European and
Mediterranean regions. Reuse projects also exist in
Japan, USA and Australia [5]. Benefits apart, reclaimed
wastewater is usually of poor quality compared with
fresh water depending upon its source and treatment.
Reclaimed waste water may contain high concentra-
tions of salts, heavy metals or pathogenic organisms.
Common municipal wastewater treatment can remove
large fractions of organic matter, suspended solids,
nutrients (nitrogen and phosphorus) and trace con-
taminants (organic and inorganic) [6].

Recycling of wastewater and grey water gener-
ated from factories and households into agricultural
use could not only save irrigation water but also re-
duce pollutant load in a basin, and is expected to



contribute to preservation of the water environment
[3]. Several decades ago, when sewage-treatment had
not popularized, sewage water drained untreated into
canals and grey water was reused for irrigation and
excreta as manure in agriculture had caused serious
water pollution, the most important concerns in the
agricultural use of treated urban waters [7] are related
to the human and environmental health aspects, in
other words, the quality and safety of the produced
food [8] and the health concerns of agricultural work-
ers. Other concerns include the salinity and water
infiltration rate in the soil [9] as well as heavy metal
accumulation and pollution caused by nutrients
leaching [10]. In fact, secondary treated municipal
sewage contains dissolved solids, heavy metals, pes-
ticides and pathogens that might jeopardize sustain-
able agriculture, groundwater quality, soil quality and
human health, in addition to the nutrients that are
beneficial for agriculture up to certain concentrations.
However, the existence of such techniques is not
enough to guarantee that proper application of treated
effluent for reuse purpose. The quality of the water
treated through the treatment plants should match
with the standards before realizing it for irrigation or
disposed of in any system. Therefore an attempt has
been made to analyzed the quality of treated sewage
effluent (TSE) to avoid any ill effects to crops, human
beings and the environment.

Materials and Methods

The study conducted at Bhagwanpur sewage treat-
ment plant (STP), situated in the southern part of
Varanasi near Banaras Hindu University and the river
Ganges, which comes under Ganga Action Plan. This
Bhagwanpur STP were designed to treat § MLD sew-
age daily using activated sludge process. The qual-
ity of the water treated through the treatment plants
should matches with the slandered CPCB/BIS before
realizing it for irrigation, industrial purpose in dis-
charge in to the river system.

Sample collection and analysis

The manual sampling of secondary treated municipal
sewage carried out on monthly basis from May 2014
to June 2015 in a plastic bottle from Bhagwanpur STP.
The container was washed with 20% nitric acid (HNO,)
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followed by distilled water and rinsed twice with the
sample to be collected before being finally filled. Five
thousand mL of sewage sample was collected and
transported in an icebox immediately brought to the
laboratory for analysis using standard techniques for
physio-chemical parameters.Samples were stored in
polyethylene bottles with 2 or 3 drops of toluene to
stop microbial activity. The pH and electrical conduc-
tivity (EC) were determined immediately after bring-
ing the samples to the laboratory, physio-chemical
parameter like pH, electrical conductivity, TDS, total
hardness, calcium, chloride and alkalinity were deter-
mined as per standard method [11], the measurements
were made in triplicate. Date obtained from the analy-
sis were statistically analyzed for mean, standard de-
viation (SD), maximum and minimum of all parameter.

Results and Discussion

It is fact that maintenance of healthy ecosystem is
dependent on the physio-chemical properties of
water. In the present study, a comparative analysis of
physio-chemical characteristics of secondary treated
municipal sewage from Bhagwanpur STP, physical
characteristics (Temperature, pH, turbidity, conduc-
tivity and total dissolved solids (TDS) in conjunction
with chemical characteristics such as DO, BOD, COD,
hardness, and alkalinity of the water quality has been
assessed and the results of analysis were summa-
rized in Table 1 temporal variations of phyiso-chemi-
cal characteristics of TSE are sowing in Figs 1 to 6.

Temperature

In an established system the water temperature con-
trols the rate of all chemical reactions. Mean value of
temperature in the study period found to be 30.217
with the standard deviation of 6.14. The minimum and
maximum values were recorded as 19.5°C and 38.6 °C
respectively in the month of Jan and May (Fig. 1).
This higher temperature is due to greater heating, varia-
tion is mainly related with the atmosphere tempera-
ture and weather conditions.

pH

Measurement of pH is one of the most important and
frequently used tests in water chemistry, during the
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Table 1. Physico-chemical characteristics of analyzed wastewater.

CPCB/IS

Standard permissible
Parameter Mean deviation Minimum Maximum limits
Temp (°C) 30.22 6.14 19.50 38.60 40
pH 7.45 0.33 6.87 7.93 6.0-8.0°
Turbidity (NTU) 10.09 3.12 5.50 15.00 5
EC (dS/m) 0.71 0.15 0.50 0.98 2.25
TDS (mg/L) 454.00 96.54 318.00 624.00 2,100.00%°
Alkalinity (mg/L) 189.92 14.87 163.00 211.00 600
Hardness (mg/L) 164.67 14.62 143.00 182.00 600
BOD (mg/L) 12.50 2.77 9.20 17.60 100°
COD (mg/L) 65.44 6.83 54.00 78.00 2500
CI- (mg/L) 34.75 10.16 19.00 49.00 500°

period of investigation mean value of pH of TSE
recorde 7.45 with minimum and maximum value of pH
are 6.87 and 7.93 respectively in the month of Jan and
August (Fig. 2). There are not any major industries
or mining activities in the area that could cause ex-
treme changes in the pH of the effluents or of the
receiving water. Thus, the results obtained for pH
measurements in the water and in the effluent dis-
charges were as expected.

Turbidity

Turbidity is the amount of particulate matter that is
suspended in water, mean value of turbidity of waste-
water found to be 10.09 NTU with the standard devia-
tion of 3.12 and the minimum value is 5.5 NTU in the
month of May and the maximum value is 15 NTU in
the month of August (Fig. 3). The turbidity values
were found higher than WHO standard of 5 NTU [12].
The extreme turbidity in water can cause problem with
water purification processes which may increase treat-
ment cost. Furthermore, the months of July to Octo-
ber, gave higher turbidity values, as more water vol-
ume flow due to rain and also mixing of colloidal, sus-
pended matter and plankton through the runoff sew-
age.

Electrical conductivity

Wastewater effluents often contain high amounts of
dissolved salts from domestic sewage and the EC of
water is a useful and easy indicator of its salinity or
total salt content. The mean value of EC found to be

0.711 dS/m with the standard deviation of 0.152 and
the minimum and maximum values of EC were ob-
served as 0.5 and 0.98 dS/m respectively in the months
of July and Dec (Fig. 4).

Total dissolved solids

Mean value of TDS of wastewater founds to be 454
mg/L with the standard deviation of 96.54 and the
minimum and maximum values are 318 mg/L and 624
mg/L respectively in the months of Jun and Dec (Fig.
5). High values of TDS indicate that the pretreatment
done to the wastewater is not enough and it needs to
be improved.

Alkalinity

Mean value of alkalinity of TSE founds to be 189.92
mg/L with the minimum and maximum values of alka-
linity were 163 mg/L and 211 mg/L respectively in the
months of July and Jan (Fig. 5). Here the higher varia-
tion in alkalinity of wastewater found throughout the
year.

Hardness

Presence of calcium, magnesium and chlorides in the
domestic wastes is the major contributor of hardness
[13]. Mean value of hardness of TSE founds to be
164.67 mg/L with the standard deviation of 14.618
which is very high shows higher variation in hard-
ness of wastewater throughout the year. The mini-
mum and maximum values of hardness are 143 mg/L
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Fig. 1. Monthly variation of Temprature. Fig. 2. Monthly variation of pH. Fig. 3. Monthly variation of pH. Fig. 4. Monthly
variation of Turbidity. Fig. 5. Monthly variation of TDS, Alkalinity and Hardness. Fig. 6. Monthly variation of BOD, COD

and Chloride.

and 182 mg/L respectively in the months of Aug and
May (Fig. 5). Furthermore, generally the water can be
said to be hard and therefore unsuitable for both do-
mestic and industrial use as there exists possibility of
scale formation in boilers and pipes.

Chloride

Like other ions, high levels of chloride can have nega-
tive effects on an ecosystem and is also one of the
important indicators of fecal pollution present in sew-
age, effluents and farm drainage [14]. The result of
analysis shows the mean value of chloride of waste-
water from Bhagwanpur STP is 34.75 mg/L with the
standard deviation of 10.16 (Fig. 6).

Biochemical oxygen demand

BOD determination is an empirical test in which stan-
dardized laboratory procedures are used to determine
relative oxygen requirements of wastewater. Mean
value of BOD of the treated sewage effluent was re-
corded as 12.5 mg/L with the standard deviation of
2.77 and the minimum and maximum values of BOD
are 9.2 mg/L and 17.6 mg/L respectively in the months
of May and Dec (Fig.6).

Chemical oxygen demand

COD test is used to measure the content of organic
matter of both wastewater and natural water. Mean
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value of COD were found to be 65.44 mg/L with the
standard deviation of 6.828 having minimum and
maximum values of COD are 54 mg/L and 78 mg/L
respectively in the months of Jan and June (fig. 6).
COD changes according to season and values found
to be beyond the permissible limit in the investiga-
tion period.

Conclusion

The quality evaluation of secondary treated munici-
pal sewage from Bhagwanpur STP revealed that the
temperature, pH, EC, TDS, alkalinity, hardness, DO,
BOD and COD contents were found mostly within
the limits set by both national and international stan-
dard regulatory bodies (CPCB, ISI) for water reused
potential. Therefore the study recommends the treat-
ments of municipal sewage effluent before letting into
the open drainage or releasing it for agricultural use
sewage wastewater, if treated properly with reduced
BOD and turbidity can be provided as alternate source
of water for irrigation. The Bhagwanpur STP is effi-
cient in treating wastewater and treated municipal
wastewater could be significant alternative water re-
source.
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