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ABSTRACT

In this research work, the author has studied the quality parameters and the effect of industrial pollutants
on the quality of surface water of Agyara Dam, Alwar (Rajasthan). Agyara Dam is a surface water reservoir
situated near the Agyara village of Ramgarh tehsil (Alwar) and it is surrounded by number of industrial
units including Matsya Industrial Area (MIA). The water of Agyara Dam has greatly been affected and
polluted by the industrial solid waste and liquid effluents. The surface water specimens were bottled
throughout the period of October-December, 2021 and analyzed by the numerous quality parameters
following the standard operating procedures (SOPs). The mean of the quality parameters has showed the
considerable variations and indicated that the surface water of Agyara Dam has been polluted due to the
industrial activities near it. The water of Agyara Dam was found to be unsafe for human drinking and
domestic purposes as most of the quality parameters do not imitate with the standards of Bureau of Indian
Standards (BIS).
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Introduction

Potable water is the most essential element for the
nourishment of human beings and on the earth sur-
face, it is generally accomplished by the numerous
resources, i.e., surface water, groundwater, and gla-
ciers (Anslyn and Dougherty, 2006; De, 2000;
Kershaw and Cundy, 2000). The groundwater is ex-
isting below the earth surface while remains are
available on the earth surface. Surface water is the
most significant and easily available resource
among the other potable water resources (Kumar et
al., 2005; Kundzewicz et al., 2007). It is partially
originated through the rain that has been run-off
over the earth surface to the main receiving surface

water bodies such as ponds, lakes, rivers, dams, etc.
(Kundzewicz et al., 2007). The potability of surface
water has greatly been affected and contaminated by
the untreated domestic and industrial disposals
(Bougherira et al., 2014). Indiscriminate disposal of
domestic and industrial solid waste and liquid efflu-
ents can directly enter into the run-off water and
causes surface water pollution which than broadly
affect the aquatic and surrounding natural ecosys-
tems.

Alwar is a north-east district of Rajasthan and has
many developing economic industrial zones
throughout the district. Numerous literature reports
have been carried out on the impact of untreated
domestic and industrial disposals on the quality of
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surface water. Hussain and Rao has reported the ef-
fect of industrial run-offs on surface water of
Patancheru (Andhra Pradesh) and found signifi-
cantly reduced quality of surface water (Hussain
and Rao, 2013). The surface water of Jojari River of
Jodhpur (Rajasthan) has been polluted due to direct
disposal of industrial waste and effluent in the
catchment area of the river and affect the surround-
ing ecosystems broadly (Meena and Meghwal,
2019). Therefore, the surface water resources near
industrial areas are greatly affected due to industrial
and domestic activities and the water is not safe for
human consumptions and domestic purposes as
well. The surface water of Agyara Dam is not so far
reported and therefore, it is required to evaluate the
quality parameters and the impacts of industrial ac-
tivities near Agyara Dam (Alwar).

In this research work, the researcher has reported
the physicochemical and biochemical parameters of
surface water of Agyara Damand inventing the im-
pact of industrial pollutants on the quality of surface
water. For the quality assessment, about 50 surface
water specimens were bottled from the Agyara Dam
throughout the period of October-December, 2021.
The surface water specimens were estimated by the
various physicochemical and biochemical param-
eters following the SOPs of American Public Health
Association (APHA, 1989). The study revealed that
the surface water of Agyara Dam has been found to
be polluted with toxic industrial constituents which
are discharged directly into the flowing rain water
course without any prior treatment. Thus, the sur-
face water of Agyara Dam was found unsafe for
human drinking and domestic purposes as most of

the quality parameters do not imitate with the stan-
dards of BIS (BIS, 2012).

Materials and Methods

Description of Agyara Dam (Alwar): This research
was focused on the quality analysis of surface water
ofAgyara Dam, Alwar, Rajasthan (Fig. 1). Agyara
Dam is a surface water reservoir situated near
Agyara village of Ramgarh tehsil of Alwar
(Rajasthan). Agyara Dam is geographically coordi-
nated between 27.517° North latitude and 76.744°
East longitude. The water of Agyara Dam spread
over the 20 hectares area and has the depth of about
10 to 12 feet. There are numbers of industrial units
including Matsya Industrial Area (MIA) situated
near the Agyara Dam and therefore, the surface
water of Agyara Dam became polluted due to dis-
posal of untreated industrial pollutants in the canals
of the Agyara Dam.
Description of the surface water sampling: Surface
water samples were bottled from various locations
ofAgyara Dam, Alwar (Rajasthan) throughout the
period of October-December, 2021 by applying the
previously stated standard sampling procedures. In
this study, the surface water specimens were care-
fully sampled from various locations of Agyara
Dam with different time periods. The locations were
selected carefully, and it must be characteristic of
whole dam water. All the surface water specimens
were preserved in fresh screw capped polyethylene
bottles of 2L capacity. The surface water samples
were then stored in the refrigerator for further
analysis in the research laboratory. The surface wa-

Fig. 1. Satellite view of surroundings of Agyara Dam, Alwar (Rajasthan) with highlighted industrial areas.
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ter samples were then characterized in research
laboratory to obtain the experimental data and dis-
cuss the impact of industrial pollutants on the qual-
ity of surface water of Agyara Dam. See Fig. 1 for
the satellite view of the Agyara Dam from where the
surface water specimens were bottled for further
analysis.
Physico-chemical and biochemical characterization
of surface water: The surface water specimens were
bottled by applying the previously stated proce-
dures and were then estimated for various physico-
chemical and biochemical parameters. The charac-
terization was performed in research laboratory to
determine the degree of contamination in compari-
son to BIS standards (BIS, 2012). Both physicochemi-
cal and biochemical parameters are important to
sustain the quality and potability of water. The
bottled surface water specimens were preliminarily
analyzed for pH, electrical conductivity (EC) and
total dissolve solid (TDS) at the time of bottling us-
ing a pH meter and a portable Water Quality Ana-
lyzer kit. For the remaining analysis, the surface
water specimens were brought to the research labo-
ratory and analyzed for numerous parameters such
as fluoride (F–), chloride (Cl–), nitrate (NO3

–), total
hardness (TH), phenolic compounds (PC), bio-
chemical oxygen demand (BOD), chemical oxygen
demand (COD), iron (Fe) and othertoxic industrial
contaminants. F– and Cl– were analyzed by Ion selec-
tive method, NO3

– were analyzed by spectrophoto-
metric method, and toxic heavy metal elements
were analyzed by ICP-AES method. All parameters
were analyzed as per the SOPs of APHA (APHA,
1989). The mean of characteristic data of the surface
water specimens given in the Table 1. The experien-
tial results of surface water specimens were also
compared with the BIS standards (BIS, 2012).

Results and Discussion

Agyara Dam (Alwar, Rajasthan) is an artificial sur-
face water reservoir situated near Agyara village of
Ramgarh tehsil of Alwar (Rajasthan) and it is also
known as Hans Sarowar Dam. Agyara Dam is the
only surface water reservoir in this area. It is geo-
graphically coordinated between 27.517° North lati-
tude and 76.744° East longitude. The water of
Agyara Dam spreads over 20 hectares area and has
the depth of about 10 to 12 feet. It is about 15 km
from the Alwar city situated at the Alwar-Bharatpur
road. Agyara Dam is surrounded by number of in-

dustrial units including MIA. MIA is a growing in-
dustrial area and generally roofed with a large num-
ber of industrial units such as vegetable oils, chemi-
cals, detergents, pharmaceuticals, engineering, elec-
tronics, food processing, construction materials, etc.
(Meena et al., 2018). Owing to the industrial units,
the surface water of Agyara Dam is broadly pol-
luted due to the discharge of industrial toxic waste
and effluents directly into the flowing rain water
course without any prior treatment. The industrial
pollution is the major problem for the local popu-
lates and surrounding agricultural activities. There-
fore, it is necessary to assess the quality of surface
water of Agyara Dam with special reference to the
impact of industrial pollutants on the quality of sur-
face water of Agyara Dam.

For the quality assessment of surface water of
Agyara Dam (Alwar), about five surface water
specimens were bottled each time from five different
locations of Agyara Dam after every 10 days of time
span throughout the period of October-December,
2021. During this time period, we gathered about 50
surface water specimens from the Agyara Dam. The
surface water specimens were primarily analyzed
for pH, EC and TDS, and later analyzed in the re-
search laboratory for the F–, Cl–, NO3

–, TH, BOD,
COD, Fe and other toxic heavy metal elements using
SOPs of APHA (1989). The mean of observed pa-
rameters of surface water specimens of Agyara Dam
are demonstrated in Table 1. All the quality param-
eters were compared with the standards of BIS
(2012).

Quality parameters of surface water of Agyara Dam
(Alwar)

pH : The pH of surface water of Agyara Dam
(Alwar) varied in the range of pH 6.85 to pH 7.56
(Table 1) with a mean of pH 7.14. The mean of sur-
face water of Agyara Dam is slightly alkalinein na-
ture and the pH values of all surface water speci-
mens of Agyara Dam throughout the sampling pe-
riod are in the range of acceptable limit as pre-
scribed by BIS (BIS, 2012).
EC : The EC of surface water of Agyara Dam
(Alwar) varied in the range of 1106µS/cm to
1669µS/cm (Table 1) with a mean of 1406.25 µS/cm.
The higher EC of surface water of Agyara Damis be-
cause of higher concentration of dissolved ionic salts
and industrial and domestic pollutants in surface
water.
TDS : The TDS of surface water of Agyara Dam
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(Alwar) varied in the range of 487 mg/l to 815 mg/
l (Table 1) with a mean of 588.32 mg/l. The TDS of
42% surface water specimens of Agyara Dam
throughout the sampling periodand their mean ex-
ceeds the maximum acceptable limit as prescribed
by the BIS (2012). Therefore, the surface water of
Agyara Dam found to have higher concentration of
dissolved inorganic componentsand industrial pol-
lutants and owing to this, the surface water of
Agyara Dam is not safe for human drinking.
Fluoride (F–) : F– in surface water of Agyara Dam
varied in the range of 0.12 mg/l to 0.76 mg/l (Table
1) with a mean of 0.52 mg/l. The values of F– of all
surface water specimens of Agyara Dam throughout
the sampling period and their mean are in the range
of acceptable limit as prescribed by BIS (2012).

Chloride (Cl–) : Cl– in surface water of Agyara Dam
varied in the range of 35.10 mg/l to 272.70 mg/l
(Table 1) with a mean of 88.39 mg/l. The concentra-
tion of Cl– in 8% surface water specimens of Agyara
Dam throughout the sampling period exceeds the
maximum acceptable limit as prescribed by the BIS
(2012) while the mean of Cl– doesn’t exceed the ac-
ceptable limit.

Nitrate (NO3
–) : NO3

– in surface water of Agyara
Dam varied in the range of 26.49 mg/l to 80.82 mg/
l (Table 1) with a mean of 42.47 mg/l. The concen-
tration of NO3

– in 64%surface waterspecimens of
Agyara Dam throughout the sampling period ex-
ceeds the maximum acceptable limit as prescribed
by the BIS (2012) while the mean of NO3

–doesn’t ex-
ceed the acceptable limit. The major sources of ni-
trate contamination in surface water are the human
domestic waste, animal wastes, industrial waste, fer-
tilizers used in agricultural activities, chemicals, etc.
(Agrawal et al., 1999).
Total hardness (TH) : TH in surface water of Agyara
Dam varied in the range of 56.30 mg/l as CaCO3 to
105.20 mg/l as CaCO3 (Table 1) with a mean of 71.56
mg/l as CaCO3. The hardness in all surface water
specimens of Agyara Dam throughout the sampling
period and their meanare in the range of acceptable
limit as prescribed by the BIS (2012).
Phenolic compounds (PC) : PC in surface water of
Agyara Dam varied in the range of 0.06 mg/l as
C6H5OH to 0.89 mg/l as C6H5OH (Table 1) with a
mean of 0.357 mg/l as C6H5OH. The concentration

Table 1. Quality parameters of surface water of Agyara Dam, Alwar (Rajasthan) bottled and analyzed throughout the
period of October-December, 2021 and their comparison with BIS drinking water standards.

Quality Parameters Observed Mean BIS (IS-10500: 2012)* Percent Samples
range Maximum Limits exceeding

Acceptable Permissible acceptable
Limit  Limit limits of

standards (%)

pH 6.85 – 7.56 7.14 6.5-8.5 NR 0%
EC 1106 – 1669 1406.25 - - -
TDS 487 – 815 588.32 500 2000 42%
Fluoride (F–) 0.12 – 0.76 0.52 1.00 1.50 0%
Chloride (Cl–) 35.10 – 272.70 88.39 250 1000 8%
Nitrate (NO3

–) 26.49 – 80.20 42.47 45 NR 64%
TH as CaCO3 56.30 – 105.20 71.56 200 600 0%
PC as C6H5OH 0.06 – 0.89 0.357 0.001 0.002 100%
COD 18.70 – 149.08 80.56 <20 - 94%
BOD 10.98 –69.66 31.95 <5 - 100%
Iron (Fe) 0.25 – 0.91 0.437 0.30 NR 68%
Arsenic (As) 0.01 – 0.12 0.075 0.01 0.05 84%
Cadmium (Cd) 0.023 – 0.081 0.049 0.003 NR 100%
Chromium (Cr) 0.044 – 0.102 0.067 0.05 NR 94%
Lead (Pb) 0.00 – 0.028 0.013 0.01 NR 54%
Zinc (Zn) 0.85 – 10.40 6.952 5.00 15.00 48%

Note: EC measure in µS/cm; and TDS, F–, Cl–, NO3
–,TH, PC, DO, COD, BOD, Fe, As, Cd, Cr, Pb and Zn measures in mg/

l; NR = No Relaxation; EC = Electrical Conductivity; TDS = Total dissolve solids; TH = Total Hardness; PC = Phenolic
compounds;COD = Chemical oxygen demand; BOD = Biochemical oxygen demand;and * BIS-2012 (IS 10500: 2012)
drinking water standards (BIS, 2012).
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of phenolic compounds of all surface water speci-
mens of Agyara Dam throughout the sampling pe-
riod and their mean exceeds the maximum accept-
able limit as prescribed by the BIS (2012). Therefore,
the surface water of Agyara Dam found to have
higher concentration of dissolved phenolic com-
pounds and owing to this, the surface water is not
safe for human consumption.
Chemical oxygen demand (COD) : COD in surface
water of Agyara Dam varied in the range of 18.70
mg/l O2 to 149.08 mg/l O2 (Table 1) with a mean of
80.56 mg/l O2. For human drinking water, the satis-
factory limit of COD should be <20.0 mg/l O2 at
room temperature and the higher values of COD
indicates the presence of large amount of oxidizable
organic chemicals. The higher COD indicates the
presence of oxidizable organic chemicals in the sur-
face water of Agyara Dam and it isowing to the in-
dustrial and domestic pollution near Agyara Dam.
About 94% surface water specimens of Agyara Dam
indicated to have higher values of COD and there-
fore, itis not safe for human consumption and also
harmful for aquatic ecosystems.

Biochemical oxygen demand (BOD) : BOD in sur-
face water of Agyara Dam varied in the range of
10.98 mg/l O2 to 69.66 mg/l O2 (Table 1) with a
mean of 31.95 mg/l O2. For human drinking water,
the satisfactory limit of BOD should be < 5.0 mg/l
O2 at room temperature and the higher values of
BOD indicates the presence of large number of mi-
croorganisms and organic matters in water (Connor,
2016; EPA, 2001). The higher BOD indicates the
presence of organic pollutants or microorganisms in
surface water of Agyara Dam and it is due to the
industrial and domestic pollutions near Agyara
Dam. All surface water specimens of Agyara Dam
indicated to have higher values of BOD and there-
fore, it is not safe for human consumption and also
harmful for aquatic ecosystems.

Iron (Fe) : Fe in surface water of Agyara Dam var-
ied in the range of 0.25 mg/l to 0.91 mg/l (Table 1)
with a mean of 0.437 mg/l. The concentration of Fe
of 68% surface water specimens of Agyara Dam
throughout the sampling period and their mean ex-
ceeds the maximum acceptable limit as prescribed
by the BIS (2012).

Arsenic (As) : Asin surface water of Agyara Dam
varied in the range of 0.01 mg/l to 0.12 mg/l (Table
1) with a mean of 0.075 mg/l. The concentration of
As of 84% surface water specimens of Agyara Dam
throughout the sampling period and their mean ex-

ceeds the maximum acceptable limit as prescribed
by the BIS (2012).
Cadmium (Cd) : Cd in surface water of Agyara Dam
varied in the range of 0.023 mg/l to 0.081 mg/l
(Table 1) with a mean of 0.049 mg/l. The concentra-
tion of Cd of all surface water specimens of Agyara
Dam throughout the sampling period and their
mean exceeds the maximum acceptable limit as pre-
scribed by the BIS (2012).
Chromium (Cr) : Cr in surface water of Agyara Dam
varied in the range of 0.044 mg/l to 0.102 mg/l
(Table 1) with a mean of 0.067 mg/l. The concentra-
tion of Fe of 94% surface water specimens of Agyara
Dam throughout the sampling period and their
mean exceeds the maximum acceptable limit as pre-
scribed by the BIS (2012).

Lead (Pb) : Pb in surface water of Agyara Dam var-
ied in the range of 0.00 mg/l to 0.028 mg/l (Table 1)
with a mean of 0.013 mg/l. Pb was not detected in
12% surface water specimens of Agyara Dam. The
concentration of Pb of 54% surface water specimens
of Agyara Dam throughout the sampling period and
their mean exceeds the maximum acceptable limit as
prescribed by the BIS (2012).
Zinc (Zn) : Zn in surface water of Agyara Dam var-
ied in the range of 0.85 mg/l to 10.40 mg/l (Table 1)
with a mean of 6.952 mg/l. The concentration of Zn
of 48% surface water specimens of Agyara Dam
throughout the sampling period and their mean ex-
ceeds the maximum acceptable limit as prescribed
by the BIS (2012).

Discussion

The surface water of Agyara Dam (Alwar) was
evaluated for numerous water quality parameters.
The surface water quality parameters are pH, EC,
TDS, TH, PC, Cl–, F–, NO3

–, COD, BOD, Fe, As, Cd,
Cr, Pb, and Zn. The average results of the surface
water quality parameters of the current study has
shown that the averages of the surface water quality
parameters such as TDS, PC, COD, BOD, Fe, As, Cd,
Cr, Pb, and Zn exceeds the agreeable limits of drink-
ing water standards as prescribed by BIS (2012)
while the averages of pH, Cl–, F–, NO3

– and TH
doesn’t exceeds the agreeable limits. The exceeded
amount of TDS, PC, COD, BOD, Fe, As, Cd, Cr, Pb,
and Znmay cause several negative impacts on the
human beings. Therefore, the surface water of
Agyara Dam (Alwar) is unsafe for human drinking
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as per the guidelines of BIS owing to the industrial
pollution near the Agyara Dam (Alwar).

Conclusion

Agyara Dam is in the core focus for the study of
quality parameters of surface water of Agyara Dam
and the impact of industrial pollutants on the qual-
ity of surface water of Agyara Dam. In this research
work, about 50 surface water specimens were
bottled from Agyara Dam throughout the period of
October-December, 2021 and investigated for the
various water quality parameters. The current study
determined that most of the quality parameters of
surface water of Agyara Damwas not matched with
the drinking water standards of BIS (BIS, 2012). The
surface water quality parameters such as total dis-
solve solids (TDS), nitrate (NO3

–), phenolic com-
pounds, chemical oxygen demand (COD), bio-
chemical oxygen demand (BOD), iron (Fe), arsenic
(As), cadmium (Cd), chromium (Cr), lead (Pb) and
zinc (Zn) were recorded above the maximum ac-
ceptable limits of drinking water standards. The
parameters such as pH, fluoride (F–), chloride (Cl–)
and total hardness (TH) fall under the prescribed
limit. Some quality parameters were not detected in
few samples. The current study has exposed that the
surface water ofAgyara Dam (Alwar) is severally
polluted due to the industrial pollutants of Matsya
Industrial Area (MIA) and some domestic pollutants
and found unsafe for human consumptions.
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