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Abstract

Objectives: Present study aims at the assessment of various organoleptic, physical and chemical parameters of Saralasagar
reservoir water to check its status pertaining to the water quality and to measure the correlation among these parameters
so that to generate the record of data of its water quality and suggest mitigating measures for its conservation. Methods/
Statistical Analysis: Sampling was carried out from two sampling sites. The samples were analysed in the laboratory
as per the standard protocols. The original Winkler’s iodometric method for dissolved oxygen was modified by adding
sodium azide in order to avoid the interference due to organic matter and chlorides present in the sample. The annual
mean values of each parameter from the two sampling sites were compared with W.H.O. and L.S. permissible limits by
using one-sample t-test [2-tailed] and Pearson’s correlation coefficient [r] at 0.05 and 0.01 significance levels. Findings:
The physico-chemical parameters showed very few fluctuations and most of them were within the permissible limits of
standards indicating better quality of reservoir water. The lake water was oligotrophic. However, certain parameters like
pH and BOD were significant in limnological point of view. The higher pH values suggest that carbonate and bicarbonate
equilibrium is affected. The high BOD values indicate the presence of plenty of organic matter, microbial richness and
non-biodegradable oxygen demanding pollutants in the lake water which may lead to eutrophication. There was a strong
negative correlation between pH and E.C., DO and BOD and was a positive correlation between EC and TDS, TH and chlo-
ride, water temperature and BOD, Ca - TH and Mg. Most of the parameters were minimum in monsoon and maximum in
pre-monsoon periods. Applications: These results conclude the suitability of Saralasagar water for various human needs.
However, regular monitoring for its water quality maintenance is need of the hour to prevent its further deterioration.

Keywords: Mahabubnagar, Oligotrophic Lake, Physicochemical Parameters, Saralasagar Reservoir, Telangana, Water
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surface water systems'.The hydrosphere is further classi-

1. Introduction

Environment and development are the two sides of a coin.
Developmental activities caused irreparable changes in
many of the water bodies through pollution. Since the last
century, mining activities affected both the ground and
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fied as marine, brackish and fresh water bodies. Over 97%
of the water on this earth is stored in oceans which cannot
be used for our diverse needs. Just about 3% of the total
water is involved in the global water cycle and most of it is
locked up as polar ice caps and glaciers. Hence, our regu-
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lar supply of water must be fresh water from rivers, lakes,
reservoirs, ponds and underground aquifers. Water is an
essential ecological factor of life which performs unique
and indispensible activities in each ecosystem, biosphere
and biogeochemical cycle’. The fresh water aquatic eco-
system is fortunate to be endowed with a wide range
of natural ecosystems but the unfortunate thing is, it is
documented poorly compared to that of marine habitats®.
The knowledge of functional dynamics of the fresh water
bodies is meagre’. Numerous workers have tried to exam-
ine the changes in some physical and chemical factors but
knowledge about the month-wise, seasonal, vertical and
diurnal fluctuations of these factors is very little. In order
to recognise and predict the hazardous effects of these
physico-chemical factors on aquatic biota and man, the
scientific monitoring of physical, chemical and biologi-
cal components of water is essential. For this purpose, the
quantitative characterization of water is the pre requisite.
It gives us an idea about the seriousness of the pollution
problem in water. This would also help for focussing on the
extent to which pollution control is required and generate
real concern among policy planners. Literature is avail-
able on different aspects of pollution and environmental
engineering but, literature with regard to the quantifica-
tion of pollutants and on characterization of water is very
rare. Many studies have been made on physico-chemical
parameters of various freshwater bodies during the last
few decades. In most of the studies, abiotic components
were given priority but some of them were also focussed
on biotic components®. In most of the studies the lakes
were oligotrophic and showed very few fluctuations in
their physico-chemical parameters®'®. However, in some
instances the lakes were eutrophic''2. High level of some
parameters like total dissolved solids 9942 mg/L", total
hardness 295 mg/L in Ganga river', turbidity 288 NTU
in Ruti dam' were recorded. The organic and inorganic
pollutant load in Dal lake has accelerated the macrophytic
growth which in turn reduced the water quality and raised
the biological oxygen demand of the lake and hence has
reduced the recreational and aesthetic appeal of the lake®.
The aquatic ecosystems are severely affected by the con-
tinuous release of various wastes'. Some researchers also
reported the low levels of some parameters like dissolved
oxygen 2.3 mg/L'. Reservoirs were considered the sin-
gle largest inland fishery resources in India in terms of
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potential area of fish production and also as the reliable
and sustainable drinking water and irrigation resources.
Understanding the quality of water is essential since it
determines the suitability of water for the use of various
human activities. The study was intended to determine
the trophic status of Saralasagar reservoir, to study the
pollution level, if any, in the reservoir, the factors affecting
reservoir water quality, to check the suitability of water for
drinking, domestic, agriculture, pisciculture and indus-
trial purposes and also to document the record of water
quality data pertaining to the physico-chemical param-
eters. The present study was made during the period from
April 2014 to March 2015 to assess the water quality of
the man-made perennial reservoir, Saralasagar situated
in the Mahabubnagar district of Telangana state in India.
Monthly changes in physico-chemical parameters were
analyzed. Present research paper deals with different
parameters of water quality such as p*, water temperature,
electrical conductivity [EC], turbidity, colour, Dissolved
Oxygen [DO], Biological Oxygen Demand [BOD], Total
Dissolved Solids [TDS], Total Hardness [TH], Total
Alkalinity [TA], Calcium [Ca**], Magnesium [Mg"],
Sodium [Na*], Potassium [K*], Chlorides [Cl], Sulphates
[SO,]*, Phosphates [PO,]*, Nitrates [NO,], Fluoride [F]
, Iron [Fe™], Silica [SiO,] and their adverse effects on
aquatic biota and human being. The present study is the
first effort in this direction.

2. Materials and Methods

2.1 Study Area

Present work has been conducted in Saralasagar reservoir
situated in Mahabubnagar district, Telangana, India,
which is endowed with wide range of littoral and limnetic
habitats. Mahabubnagar is the largest district in Telangana
and is situated between 16°30'-18°20'N latitudes and
77°30'-79°30'E longitudes. Climatically this district falls
under the tropical region with cyclic rains and has varied
habitats like rivers, streams, back waters, major, medium
and minor irrigation tanks. Most of its soils are sandy,
sandy loam, lateritic and red soils.

2.1.1 Saralasagar Reservoir

Saralasagar is a medium sized perennial irrigation tank
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Figure 1. Location of Saralasagar reservoir in Mahabubnagar District, Telangana, India.

situated at Shankarampeta village, Kothakota mandal
[Tehsil] of Mahabubnagar district, Telangana state in
India. It is constructed across the Chinnavagu, a tribu-
tary of Krishna River about 48 kms away from the district
headquarters and 142 kms away from the state capital
Hyderabad. It is situated on 16°46' N latitude and 77°56'
E longitude shown in Figure 1. The main purpose of
construction of this reservoir was to uplift the economic
condition of the natives and to eliminate the scarcity of
food grains and water problems in the drought — prone
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and economically backward villages of the Kothakota
mandal. Now Saralasagar reservoir has become prime
importance for irrigation, supplying drinking water to
Mahabubnagar town and also for aquaculture practices.
About 176 fishermen families depend on this reservoir
in continuing their lives. Thus, this reservoir plays a vital
role in the rural economy. Saralasagar is the first siphon
system dam in India as well as in Asia and second in the
world.
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2.2 Research Methodology

Samples were collected from two sampling sites of

at 4°C prior to their assessment. The organoleptic and
physico-chemical parameters of the samples were anal-

ysed in the laboratory as per the standard protocols™2'.
The water temperature was measured by using mercury
— filled Celsius thermometer of 0-50°C range and 0.2°C
least count. A digital p meter was used to measure the
p"and the electrical conductivity was measured using a
conductivity meter. Turbidometry was followed for the
determination of turbidity. Total dissolved solids were
calculated by drying the sample on a drying oven at

Sralasagar reservoir wiz, Stationl [S1] and Station 2 [S2],
so that by and large the water sample may represent the
totality of its water chemistry. Samples were collected
from 5-8 cm depth in acid polyethylene bottles of 1L
capacity. Samples were properly labelled immediately
after their collection and brought to the laboratory for the
physical and chemical examination. Samples were stored

Table 1. The instruments and methods of analysis used for different water quality parameters

Parameter Instrument used Method used Method Reference

p" pT meter Potentiometry APHA (1998)

E.C. Conductivity meter Potentiometry Trivedi and Goel (1986)
TDS Drying oven Evaporation APHA (1998)
Turbidity Turbidimeter Calibration APHA (1998)

Total Hardness Burette Titration(EDTA method) Trivedi and Goel (1986)

Calcium Burette Titration(EDTA method) Trivedi and Goel (1986)

Magnesium Burette Titration(EDTA method) Trivedi and Goel (1986)
Total Alkalinity Burette Titration APHA (1998)
Sodium Flame Photometer Calibration APHA (1998)
Potassium Flame Photometer Calibration APHA (1998)
Chloride Burette Titration (Argentometry) APHA (1998)
Nitrate Spectrophotometer Brucine method APHA (1998)
Sulphate Turbidimeter Calibration APHA (1998)
Phosphate Spectrophotometer stannous chloride method APHA (1998)
Fluoride Spectrophotometer SPADNS APHA (1998)
Total Silica Spectrophotometer Molybdosilicate method APHA (1998)
D.O Burette Winkler’s Iodometry APHA (1998)
BOD Burette and Incubator Winkler’s lodometry APHA (1998)
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180°C. Water colour was studied by visual comparison
method. The various chemical parameters of the samples
collected were studied as follows. Dissolved oxygen and
BOD were estimated by Winkler’s iodometric method
with azide modification. The carbonates and bicarbonates
were determined by phenolphthalein and methyl orange
methods respectively. EDTA method was followed to
assess the calcium, magnesium and TH. The flame emis-
sion photometer was used to determine the sodium and
potassium. Phosphate was measured by stannous chlo-
ride method and the fluoride by spectrophotometry
[SPADNS] method, chloride by argentometry, nitrate by
brucine method, silica by molybdosilicate method and
sulphate by turbidimetric method shown in Table 1.

2.3 Statistical Analysis

A window-based SPSS statistical package [version 20.0
IBM] was used for the statistical analyses. The annual
mean values of each parameter from the two sampling
sites were compared with WH.O and IS: 10500 [2014]
permissible limits by using one-sample t- test [2-tailed]
and Pearson’s correlation[r] at 0.05 and 0.01 significance
levels.

3. Results and Discussion

Table 2 and 3 reveals the data pertaining to the organolep-
tic, physical and chemical parameters of Saralasagar like
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Figure 2. Monthly variations of (a) Water Temperature (b) pH (c) E. C. and (d) Turbidity at S1, S2 of Saralasagar Reservoir
from April 2014 to March 2015.
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[3.b] Total Hardness [TH]
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Figure 3. Monthly variations of (a) TDS (b) Total Hardness (c) Total Alkalinity and (d) Dissolved Oxygen at S1, S2 of
Saralasagar Reservoir from April 2014 to March 2015.
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[4.d] Nitrate
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Figure 4. Monthly variations of (a) Biological Oxygen Demand (b) Calcium (c) Magnesium and (d) Nitrate at S1, S2 of
Sralasagar Reservoir from April 2014 to March 2015.
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Figure 5. Monthly variations of (a) Phosphate (b) Chloride (c) Sodium and (d) Fluoride at S1 and S2 of Saralasagar from

April 2014 to March 2015.

p", EC, water temperature, turbidity, colour, DO, BOD,
TDS, TH, TA, calcium, magnesium, sodium, potassium,
chloride, sulphate, nitrate, phosphate, iron, silica and flu-
oride of collected water samples from the S1 and S2 of
Saralasagar reservoir. The monthly variations of various
parameters of S1 and S2 of Saralasagar are represented
graphically shown in Figure 2, 3, 4 and 5. The results
obtained were compared with WHO? and IS standards
for safe drinking water®.

3.1 Water Temperature

The temperature in water is the most significant ecologi-
cal factor which strongly affects various properties of the

B o | Vol 9 (29) | August 2016 | www.indjst.org

water body*. High temperature in water cause stress
on aquatic biota by impairing the capacity of water to
retain the vital dissolved gases like oxygen usually dur-
ing the summer, which may lead to massive fish deaths.
Temperature of the lake water was fluctuated between
27°C in December and 31.4°C in May shown in Figure
2(a). The annual average water temperatures were 29.04
and 29.26 for S1 and S2 respectively.

3.2 pHand E.C

pfis used to express the chemical nature of a solution.
pTaffects the aquatic biota since many of their metabolic
activities are p" sensitive”. Ideal p" range for effective life
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in water is 6.5-8.2%. The p™ of the lake water was between
7.96 in March and 8.29 in February shown in Figure 2(b).
The annual p" mean values observed were 8.02 and 8.13 at
S1andS2 respectively shown in Table 2 and 3. The higher
pvalues indicate the imbalance in carbonate and bicar-
bonate equilibrium®.The Electrical Conductivity [EC]
was found maximum in the month of August ie. 974
umhos/cm [S1], and in the month of June 992 pmhos/cm
[S2] and minimum in the month of September at S1 [476
umho/cm] and in the same month at S2 [479 pmho/cm)]
shown in Figure 2(c). The annual mean E.C. values were
835.16 and 850.08 for the S1 and S2 respectively.

3.3 Turbidity and Colour

Turbidity ranged from a minimum of 1 [NTU] in
February to a maximum of 4.8 [NTU] in August Figure
2(d). Annual mean turbidity values were 2.86 and 2.96 for
the S1 and S2 respectively. Monsoon generally causes high
turbulence and mixing of water leading to an increase in
the Suspended Particulate Matter [SPM]. Study on similar
lines recorded turbidity range between 230-289 [NTU]*.
The water colour was in below detectable limits and was
colourless to pale yellow.

3.4 Total Dissolved Solids [TDS]

TDS values were fluctuated between 290 mg/L in
September and 606 mg/L in July shown in Figure 3(a).
TDS values of Udaipur lake in 2001 were fluctuated
between 202 and 724 mg/L which are greater than that
of Saralasagar®. The high level of TDS in drinking water
causes laxative effects.

3.5 Total Hardness [TH] and Total
Alkalinity [TA]

The total hardness values fluctuated between 113 to 360
mg/L and were highest in March (during summer) and
lowest in October (during winter) shown in Figure 3(b).
The annual mean values of total hardness were 193.91
and 200.5 for the S1 and S2 respectively. Minimum val-
ues were recorded during monsoon. The total hardness in
Harsal Dam was 83.8 to 178 mg/L*. A high TH value of
295 mg/L was recorded in Ganga river®'. The total alka-
linity also showed a remarkable seasonal variation. The
values were high during summer and low during mon-
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soon shown in Figure 3(c). The steep fall during monsoon
may be attributed with the dilution of reservoir water by
floods. The annual mean values of total alkalinity were
167.58 and 172.50 for the S1 and S2 respectively. The high
total alkalinity may be ascribed to a high rate of organic
decomposition which liberates CO, which in turn reacts
with water to form HCO, ions there by increasing the
total alkalinity®. The water quality of Nizamsagar located
in Telangana region was alkaline in nature®.

3.6 D.O and B.O.D

The Dissolved Oxygen [DO] was varied from 6.5 to 8.1
mg/L shown in Figure 3(d). Its highest and lowest values
were recorded in December and may months respectively.
The annual mean values of DO were 7.39 and 7.19 for
the SI and S2 respectively. The DO is the most impor-
tant factor in any aquatic ecosystem. DO can be used as
an index of water quality, primary production and pol-
lution. The minima and maxima of the concentration of
DO in ponds are directly related with the minima and
maxima of Phytoplankton present in the lake*. The main
source of DO is dissolution from atmosphere and the
photosynthesis. DO range was between 2.3 to 10.8 mg/L
in palas Nilengaon reservoir in Osmanabad district®.
DO less than 2.5 mg/L is described to be hypoxic con-
dition*®. Excessive DO in water may lead to “gas bubble
disease” but, it is a rare occurrence”. DO and BOD were
inversely related in Narmada River*. The Biological
Oxygen Demand [BOD] values were varied from 3.30
to 9.20 mg/L shown in Figure 4(a). Its minimum and
maximum values were recorded in December and May
respectively. BOD denotes the amount of organic material
in an aquatic solution which aids the microbial growth.
The annual mean values of BOD were 6.30 and 6.73 for
the S1 and S2 respectively.

3.7 Calcium and Magnesium

The minimum values of Calcium shown in Figure 4(b)
and Magnesium in Figure 4(c) were 21.9 mg/L, 11.4
mg/L at S1 and 22.40 mg/L, 11.52 mg/L at S2 respectively.
Similarly the maximum values of Ca and Mg were 71.80
mg/L, 41.3 mg/L at S1 and 73.89 mg/L, 42.92 mg/L at S2
respectively. The annual mean values of Ca and Mg were
37.61 mg/L, 24.53 mg/L at S1 and 38.44 mg/L, 25.7 mg/L
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at S2 respectively. Magnesium hardness in association
with the sulphate also shows laxative effects®.

3.8 Nitrate and Phosphate

The minimum values of nitrate observed were 2 mg/L at
S1 and 2.48 mg/L at S2. The maximum values were 11.7
mg/Lat S1 and 12.39 mg/L at S2 shown in Figure 4(d). The
annual nitrate mean values were 5.15 at S1 and 5.63 at S2.
Nitrogen is the chief constituent of organic matter. When
this organic matter gets decomposed, release ammonia
which in turn converted to nitrate if there is oxygen®. The
nitrate content of Saralasagar was well within the permis-
sible limits i.e. 45 mg/L. Excessive nitrate concentration
may lead to a disease, methaemoglobinaemia in which
the oxygen transport is impaired. Upgraded Soil Aquifer
Treatment [SAT] method is the promising one to remove
the nitrate from water bodies*'. Phosphate in water indi-
cates the degree of pollution. Phosphate is the A1 limiting
factor in many aquatic ecosystems. Phosphate is respon-
sible for the growth of both plankton and plants in water
which in turn are used by fish as their food. The phos-
phate concentration in water samples varied from 0.15
mg/L-0.32 mg/L shown in Figure 5(a).

3.9 Chloride and Sulphate

The chloride also was in the permissible limits i.e. 200
mg/L shown in Figure 5(b). The annual mean values of
chloride were 111.70 and 112.77 at S1 and S2 respectively.
A high chloride value of 553.8 mg/L was evident from an
urban lake in Telangana state*’. The annual sulphate mean
values recorded at S1 and S2 were 77.90 mg/L and 80.02
mg/L respectively.

3.10 Sodium and Potassium

Sodium in water is toxic for some crops, particularly
when the sprinkler irrigation is followed*. The minimum
values of sodium shown in Figure 5(c) and potassium
were 45.6 mg/L, 0.72 mg/L at S1 and 46.92 mg/L, 0.78
mg/L at S2 respectively. Similarly the maximum values
recorded were 150.2 mg/L, 2.30 mg/L at S1 and 151.8
mg/L, 2.34 mg/L at S2 respectively. Soils can hold sodium
and potassium to a greater extent than phosphate, chlo-
ride or nitrate. Hence, they do not indicate the pollution
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unlike the phosphate and nitrate.

3.11 Iron, Silica and Fluoride

The iron concentration in Saralasagar water varied from
0.10-0.20 mg/L. Silica is an important nutrient for the
growth of diatoms. It was ranged between 6.71 mg/L-14
mg/L. Fluoride is often termed as double-edged sword
since; its excess as well as inadequate levels in drinking
water are responsible for the disease, fluorosis*. The fluo-
ride was in the permissible limits shown in Figure 5(d).
The annual mean values of fluoride were 0.84 mg/L at S1
and 0.87 mg/L at S2.

3.12 Correlation [r] Between Different
Parameters

Correlation studies were made to find the correlation
among the parameters by calculating Pearson’s correlation
coefficient [r] for the parameters like p¥, E.C., turbidity,
water temperature, TDS, total hardness, total alkalinity,
D.O., BOD, calcium, magnesium, chloride, sulphate,
nitrate and fluoride of Saralasagar reservoir. The degree
of correlation between the parameters is represented in
Tables 4 and 5 for S1 and S2 respectively. The p™ showed a
negative correlation with chloride [r = - 0.689 at S1 and r
=-0.324 at S2]. E.C. showed a strong positive correlation
with TDS [r = 0.995 at S1 and S2], total alkalinity [r =
0.875 at S1 and r = 0.857 at S2] and chloride [r = 0.754
at S1 and r = 0.756 at S2]. TDS positively correlated with
total alkalinity [r = 0.863 at SI and r = 0.846 at S2] and
chloride [r = 0.761 at S1 and r = 0.762 at S2]. Dissolved
oxygen correlated negatively with water temperature [r =
-0.747 at S1 and r = - 0.720 at S2] whereas the BOD was
correlated positively with water temperature [r = 0.878 at
Slandr=0.772 at S2]. DO was negatively correlated with
BOD [r = - 0.857 at S1 and r = -0.772 at S2]. Calcium
showed a strong positive correlation with TH [r = 0.930
at S1 and r = 0.936 at S2] and magnesium [r = 0.769 at S1
and r = 0.833 at S2]. Magnesium also strongly correlated
with TH [r = 0. 948 at S1 and r = 0.936 atS2], calcium [r =
0.769 at S1 and r = 0.833 at S2] and chloride [r = 0.720 at
S1 and r = 0.742 at S2]. The r values from 0.579 to 0.693
were significant at the 0.05 level and the values from 0.720
to the above were significant at the 0.01 level.
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4. Conclusion

Present investigation ensures that, many of the water
quality parameters like water temperature, EC, TDS,
turbidity, total hardness, alkalinity, DO, phosphates,
chlorides, nitrates, sulphates, sodium, potassium, cal-
cium, magnesium, iron, silica, fluoride etc. were within
the limits recommended by WHO and IS standards. It
has been found that Saralasagar reservoir is non-polluted
and its water is safe and can be used for various human
needs in all the seasons and it can be used for irrigation
and aquaculture practices and also suitable for industrial
purpose. However, the higher p" values suggest that car-
bonate and bicarbonate equilibrium is affected. The high
BOD values indicate the presence of plenty of organic
matter, microbial richness and non-biodegradable oxy-
gen demanding pollutants in the lake water. The fish
productivity of Saralasagar reservoir can be improved if
the physico-chemical parameters are maintained at more
accurate levels. It is also suggested that frequent examina-
tion of water quality is essential before supplying its water
for house hold and agricultural purposes. Indiscriminate
use of synthetic pesticides, chemical fertilizers and soil
erosion must be checked strictly in the catchment area
of reservoir to prevent its further deterioration thus to
maintain its sustainability as a water resource. It is also
suggested to include this reservoir under the “Mission
Kakatiya’, a recently initiated desilting scheme taken up
by the government of Telangana for the restoration of irri-
gation tanks and lakes.
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