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ABSTRACT 
 

Physicochemical analysis of six ponds situated in different locations in the urban area of Patna, 
Bihar, India was investigated to evaluate the water quality of the pond. Samples were analyzed on 
various physicochemical parameters like Electrical Conductivity, Total Dissolved Solids, Alkalinity, 
Chloride, Total Hardness, orthophosphate, Dissolved oxygen and pH by using the standard 
methods and procedure. The observed value (average) of parameters recorded as Electrical 
Conductivity was 864.83 µS/cm, Total Dissolved Solids 565.83 mg/L, Alkalinity 303.33 mg/L, 
Chloride 70.00 mg/L, Total Hardness 260.66 mg/L, Orthophosphate 1.84 mg/L, Dissolved Oxygen 
4.91 mg/L and pH 8.02. All pond’s water pH come under BIS standard. Except P6 all ponds had DO 
below the standards of BIS. Except P6, Orthophosphate of all samples were within standard value 
of the WHO. Increased level of TDS shown by (P1, P3, P4 and P6) from the standard value of BIS. 
Out of six samples, four had chloride value below the BIS standard. Total Hardness for P4 and P6 
had value above the permissible limit of BIS standard. These six ponds are not suitable for domestic 
and drinking purpose, pre treatment of water is necessary. Result focused on regular monitoring of 
the water quality to detect contaminants. 
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ABBREVIATIONS 
 
EC  : Electrical Conductivity 
TDS  : Total Dissolved Solids 
Cl-  : Chloride 
TH  : Total Hardness 
 PO4

3-  : Phosphate (orthophosphate) 
 DO  : Dissolved Oxygen 
 µS/cm  : Mhos siemens per centimeter 
 mg/L  : Milligram per liters 
BIS  : Bureau of Indian Standards 
WHO  : World Health Organization 
APHA  : American Public Health Association 
 

1. INTRODUCTION 
 
Water has a great contribution in developing a 
prosperous society. It most necessary and 
abundant substance on earth [1]. Life on earth 
depends upon water. Water covers about 70% of 
the earth’s surface [2]. Ponds contain surface 
water [3]. India has a large network of river 
system spread all over the country [4]. Water 
plays central role in developing prosperous life 
[5]. Today the most obnoxious crisis which we 
are facing is the environmental pollution. Air, 
water and soil are three major amenities for living 
system. These were pure, uncontaminated and 
healthy in past, but today just the reverse 
situation because of globalization leads to 
environmental pollution and threat to mankind. 
Anthropogenic activities towards the nature             
are the main cause of environmental pollution 
(Black M, 2005). Decrease in the quality of land 
water (river, lake and ground water) leads to 
water pollution [6]. Water available on earth is 
mostly saline in nature. Less than 3% water only 
exist as fresh water which are available to                 
man for drinking and other purpose [7]. In                
India ponds have been used as a traditional 
source of water. Ponds are categorized into 
artificial or natural water body. The present study 
involves the analysis of physicochemical 
parameters of pond water from Patna, Bihar, 
India. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Site 
 

Patna is the capital of the state of Bihar. Total 
geographical area of Patna is 3,202 sq Km. It is 
divided into six subdivisions. Patna district is very 
well connected to other parts of country through 

road, rail, and air. Patna is situated between 24° 
97’- 25° 27’ North latitude and 84° 44’- 86° 57’ 
East longitude at an elevation of about 129 
meters above mean sea level. It is about 20 km 
long (from east to west) and 4 km width (from 
north to south) [8]. Hot summer and pleasant 
winter season characterize the climate of Patna. 
Map of study area is shown in Fig. 1. The cold 
season starts from November to February, 
summer starts from March to June and the 
Monsoon from July to September. The other 
months are transients months. The Annual 
temperature varies from 45°C to 5°C. The normal 
annual rainfall in the district is around 1076 mm. 
The timely and well distributed rainfall during 
kharif and rabi has decieding influence on the 
land use and cropping pattern of the District. 
Current population density (2011) is 182 
person/ha. 
 
The pond water is used for different purposes 
such as irrigation, bathing, washing, and drinking 
by animals. In the near future, citizizens of Patna 
may face a severe water crisis because of the 
depletion of its natural water resources. Earlier 
Patna has many small ponds with full of             
aquatic flora and fauna. Gradually most of              
them have either been reduced to dumping 
domestic waste or overtaken by human 
settlement. The aim of this study is to assess the 
change in the physicochemical properties of six 
different selected ponds at the Patna urban area, 
Bihar. 
 

2.2 Sampling and Analyses 
 
Water samples were collected from six different 
ponds in the Patna urban area. Samples were 
collected at morning time in sterile containers 
with a capacity of 1000 ml. This work was done 
between December, 2017 to February, 2018 [9]. 
Selected ponds were Mithapur talab (P1), 
Manikchand talab (P2), Kachhi talab (P3), 
Adalatganj talab (P4), Mangal talab (P5) and 
Ranipur talab (P6) samples were collected in 
sterile plastic bottles with airtight cap between 
7.00-8.00 am. Analyses of samples were 
performed in accordance with standard methods 
of APHA [10] and WHO [11]. The pH value of the 
samples was measured with the help of 
Systronics micro pH system 361. Electrical 
conductivity and Total Dissolve Solids were 
measured by Systronics water analyzer 371 and 
Phosphate was measured by Systronics double 
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Fig. 1. Map of study area 
 
beam spectrophotometer 2201. Total Hardness 
was calculated by EDTA titration method, for that 
50 ml of the water sample was pipette out in a 
conical flask. One ml of ammonia ammonium 
chloride buffer solution and 2-3 drops of 
Eriochrome black T indicator were added in the 
water sample. The color of the solution turns on 
wine red. This solution was titrated against 
previously standardized EDTA solution taken in 
the burette until the color changes from wine red 
to sky blue, which indicates the end point. The 
final reading of the burette was noted and the 
titration was repeated to get total concordant 
value. Finally, using the analytical calculation, 
total hardness of water samples was determined 
in terms of mg/L of CaCO3 [12]. DO was 
measured by the wrinkle’s azide method, 
samples were collected in the B.O.D. bottle 
(Borosil 300 ml) and they were fixed at the site 
and brought immediately to the laboratory and 
were analyzed [12]. Total alkalinity and Chloride 
were determined by the titration method. For 
alkalinity, 100 ml of sample were taken. In a              
first step 2-3 drops of phenolphthalein indicator 
were added in the sample, then titrated              
against 0.02N H2SO4 to colourless. In the second 
step, again 2-3 drops of methyl orange were 
added to the same sample and titrate it till the 
yellow colour turns to orange. For chloride 
estimation, 1 mL of K2CrO4 indicator solution    
was added to 100 mL sample and titrated with 
AgNo3 solution till pinkish yellow colour at end 
point. 

3. RESULTS AND DISCUSSION 
 

Physicochemical analyses of all six samples 
were done and results obtained are enlisted in 
Figs. 2-9, permissible limit and average value of 
parameters is inlisted in Table 1. 
  

3.1 Electrical Conductivity 
 

Electrical conductivity of water is a measure of its 
capacity to conduct electrical current. 
Conductivity of water varies directly with the 
temperature and is proportional to its dissolved 
inorganic solids. Conductivity can be expressed 
as mili Siemens per meter (ms/m) or µ 
Siemens/cm at temperature 25°C. The 
permissible limit of the conductivity of the 
drinking water is 1000 µs/cm [13]. Electrical 
conductivity values vary from ranges 598 to 1217 
µS/cm. Mangal talab (P5) shows minimum value 
598 µS/cm while Ranipur talab (P6) shows a 
maximum value of 1217 µS/cm of electrical 
conductivity. The P6 shows increased EC which 
is loaded with waste water and domestic sewage 
from near houses showed a maximum level of 
conductance in pond water. 
 
3.2 Total Dissolved Solids 
 

Dissolved solids are the portion of solids that 
passes through a filter of 2.0 µm (or smaller) 
nominal pore size under specified conditions. A 
well mixed sample is filtered through a standard 
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glass fiber filter and the filtrate is evaporated to 
dryness in a pre-weighed dish and dried to 
constant weight at 180°C. The increase in dish 
weight represents the total dissolved solids. The 
permissible limit of the Total Dissolved Solids of 
the drinking water is 500 mg/L [14]. Total 
Dissolved Solids value ranges between 390 to 
793 mg/L for six water samples. Mangal talab 
(P5) has lowest TDS value of 390 mg/L, while 
Ranipur talab (P6) shows the maximum TDS 
value of 793 mg/L. Exceed TDS values shown by 
P1, P3, P4 and P6. High TDS caused by the 
presence of K, Cl and Na ions.Toxic ions like 
arsenic, cadmium etc. may also be dissolved in 
water, which are hazardous. 
 

3.3 Alkalinity 
 
Alkalinity of water is total acid neutralizing 
capacity of all its tritrable bases. Alkalinity of 
water is due to the presence of carbonate, 
bicarbonate and hydroxide ions. The permissible 
limit of the Alkalinity of the drinking water is 600 
mg/L [13]. Alkalinity value ranges between 204 to 
408 mg/L for the water samples. Mangal talab 

(P5) shows 204 mg/L which is the minimum 
value while Ranipur talab (P6) shows maximum 
value 408 mg/L. Water bodies has a bitter taste 
due to the alkalinity. High alkalinity is good for 
the body’s internal environment, where as low 
alkalinity aid the growth of disease within the 
body. 
 

3.4 Chloride 
 
Chlorine in the form of the chloride anion (Cl

-
) is 

generally present in natural waters. The 
presence of chloride in natural waters can be 
attributed to dissolution of salt deposit and 
discharge of effluent from chemical industries. 
The chloride concentration is higher in waste 
water than in raw water. The permissible limit of 
the drinking water for the chloride present in 
water is 600 mg/L [13]. A value of Chloride 
ranges between 40 to 100 mg/L. Mangal talab 
(P5) shows minimum values of Chloride i.e. 40 
mg/L, while Ranipur talab (P6) shows maximum 
values of 100 mg/L. This may be due to 
contaminated with local drains and dumpings of 
various waste products. 

 

 
 

Fig. 2. Measured electrical conductivity values of pond water 
 

 
 

Fig. 3. Measured total dissolved solid values of pond water 
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Fig. 4. Measured alkalinity value of pond water 
 

 
 

Fig. 5. Measured chloride values of pond water 
 

3.5 Total Hardness 
 
Water hardness is the traditional way to measure 
the capacity of water to react with soap; hard 
water requires considerable amount of soap to 
produce lather. The principal hardness causing 
ions are calcium (Ca) and magnesium (Mg). The 
iron, strontium, barium and manganese also 
contribute to hardness in the water. The 
permissible limit of Total Hardness of the drinking 
water is 300 mg/L [15]. Total Hardness for 
samples were ranging between 148 to 384 mg/L. 
Mangal talab (P5) shows minimum values of 
hardness i.e. 148 mg/L while Ranipur talab (P6) 
shows maximum values of 384 mg/L. Exceed 
value of hardness are probably due to regular 
addition of large quantities of sewage and soaps 
into the pond from the neighbouring areas.    
Hard water is generally not harmful to human 
health. 
 

3.6 Phosphate (Orthophosphate) 
 
Phosphorous occurs in natural waters and in 
waste-water as orthophosphate, meta or poly 

phosphate and organic compound phosphate. 
Presence of phosphate in water and waste water 
analysis has a great significance. The 
orthophosphate in acidic medium reacts with 
ammonium molybdate and potassium antimonyl 
tartrate to form phosphomolybdic acid, which is 
reduced by ascorbic acid to intensely coloured 
molybdenum blue which is measured at 880 nm. 
The permissible limit of drinking water for the 
phosphate as an orthophosphate is 5 mg/L [16]. 
Phosphate becomes determined when they over 
fertilize aquatic plants and cause stepped up 
eutrophication, which is a natural ageing process 
of pond. The value of Phosphate as a 
(orthophosphate) ranges between 0.442 to 5.904 
mg/L. Adalatganj talab (P4) shows minimum 
values of 0.442 mg/L, while Ranipur talab (P6) 
shows maximum values of 5.904 mg/L. This may 
be due to discharge of domestic sewage, street 
runoff and washing of clothes. 
 
3.7 Dissolved Oxygen 
 
Dissolved oxygen levels in natural and waste 
water depend on the physical, chemical, and 
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biochemical activities in the water. DO is the 
main coin of the life for all organisms lived in 
water and land. The permissible limit of the 
Dissolved Oxygen in the drinking water is 5 mg/L 
[15]. Dissolved Oxygen varies from 3.8 to 6.3 
mg/L. Mithapur talab (P1) water sample have 
lowest DO values 3.8 mg/L, while Ranipur talab 
(P6) water sample have highest DO level 6.3 
mg/L. Results show fluctuating DO, depending 
upon the temperature and depth of the pond. 
Decrease level of DO may be due to absence of 
little turbulence in the water sample. 
 

3.8 pH 
 
It is the negative logarithm of the H 

+ 
ion activity 

in a solution. The pH value is determined by 
measurement of the electromotive force of a cell 
consisting of an indicator electrode (an electrode 

responsive to hydrogen ions such as a glass 
electrode) immersed in the test solution and a 
reference electrode (usually mercury/calomel 
electrode), Contact between the test solution and 
the reference electrode is usually achieved by 
means of a liquid junction, which forms part of 
the reference electrode. The electromotive force 
is measured with a pH meter, that is, a high 
impedance voltmeter calibrated in terms of pH. 
The permissible limit of pH in the drinking water 
is 6.5- 8.5 [14]. The pH value for all six samples 
is ranging between 7.69 to 8.30. Mangal talab 
(P5) has minimum value 7.69 and Mithapur talab 
(P1) which has the maximum value of 8.30. The 
obtained results indicate that the water of           
all six ponds was slightly alkaline, which can be 
due to accumulated domestic waste. The use of 
such pond water is unsuitable for drinking 
purposes. 

 

 
 

Fig. 6. Measured total hardness values of pond water 
 

 
 

Fig. 7. Measured phosphate (orthophosphate) values of pond water 
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Fig. 8. The value of dissolved oxygen of six pond water 
 

 
 

Fig. 9. Measured pH values of pond water 
 

Table 1. Permissible limit of different parameter with average value 
 

Parameters Permisible limit Source Average value 
EC 1000 (µS/cm) BIS, 1991 (Reference No-13) 864.83 µS/cm 
TDS  500 (mg/L) BIS, 2012 (Reference No-14) 565.83 mg/L 
Alkalinity 200-600 (mg/L) BIS, 1991 (Reference No-13) 303.33 mg/L 
Chloride 600 (mg/L) BIS, 1991 (Reference No-13) 70.00 mg/L 
TH 300 (mg/L) BIS, 1992 (Reference No-15) 260.66 mg/L 
Orthophosphate 5(mg/L) WHO, 1963 (Reference No-16) 1.84 mg/L 
DO 5(mg/L) BIS, 1992 (Reference No-15) 4.91 mg/L 
Ph 6.5-8.5 BIS, 2012 (Reference No-14) 8.02 

 

4. CONCLUSION 
 

The water samples which were taken from the 
selected pond in the Patna urban area were 
analysed. This study reveals that the selected 

ponds of Patna have a heavy load of domestic 
waste, municipal waste, food waste and plastics 
waste. These are harmful to human as well as 
aquatic habitat. All six ponds are contaminated. 
Electrical Conductivity level crossed the 
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permissible limit in P6. Total Dissolved Solids 
level crossed the permissible limit in P1, P3, P4 
and P6. Alkalinity level within the permissible 
limit. Chloride level within the permissible limit. 
Total Hardness level crossed the permissible 
limit in P4 and P6. The Ortophosphate level 
crossed the permissible limit of P6. Dissolved 
Oxygen level below the permissible limit in P1, 
P3 and P4. The pH level of all water sample is 
coming under the permissible limit. Water quality 
decreases due to external factors like discharge 
of domestic waste, human interference. 
 
Therefore, there is a need of protection of these 
ponds from the gradual increase of 
contamination by human and animal waste; to 
protect aquatic bodies from disturbance. A 
regular monitoring of water quality parameters is 
needed to protect these ponds from 
contamination. 
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