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ABSTRACT 
 

The study reports the seasonal changes in water quality of urban lentic water bodies (ponds) of Lucknow 
city. Owing to the unplanned development and urbanization, the ponds of this city are struggling for their 
existence. In spite of the global alarm for restoration of the water bodies, the ponds in the city are facing 
neglectance. For the study period four ponds were selected and the parameters analyzed were- electrical 
conductivity (EC), total solids (TS), total dissolved solids (TDS), pH, dissolved oxygen (DO), biochemical 
oxygen demand (BOD), alkalinity, total hardness, chloride, sulphide, residual chlorine and free CO2. The study 
concludes that the water quality of ponds of Lucknow city is polluted as the results are above the permissible 
limits. The city sewage discharge, agriculture and urban runoff and continuous dumping of waste materials 
especially sanitary waste are affecting the water quality of these urban water bodies. There is considerable need 
for better understanding of these small impoundments so that they can be managed effectively. 
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Introduction 
 

Fresh water is a critical, finite, vulnerable, 
renewable resource on the earth and plays an 
important role in our living environment, without it, 
life is impossible. Studies of urban pond ecology 
have mostly concentrated on physicochemical 
characteristics. Since the beginning of the industrial 
revolution, increasing human population, economic 
activities as well as shortcomings in their 
management have resulted in more pollutants being 
introduced into watercourses. An increasing number 
of surface water bodies have come under serious 
threat of degradation. The global freshwater 
resources are under increasing pressure [1]. The 
anthropogenic impact on aquatic ecosystems has 
become a crucial topic of increasing concern. It is, 
therefore, necessary to have most relevant 
information for arriving at rational decisions that will 
result in the maximum benefit to most people. 
Accurate and reliable information on the water 
resource system can, therefore, be a vital aid to 
strategic management of the resources [2]. Ponds 
have been used since time immemorial as traditional 
source of water supply in India. However, the water 
of the ponds, lakes and river is polluted mainly due 
to discharged waste water from residential areas, 
sewage outlets, solid wastes, detergents, automobile 
oil wastes, fishing facilities and agricultural 

pesticides from farmlands [3,4]. In recent years, their 
importance has somewhat declined due to 
technological advancements leading to more 
centralized water supply systems. There is a 
relationship among ecologists and microplanners 
about the importance of conservation of ponds as 
sustainable source of water for rural communities 
[5]. Quality of an aquatic ecosystem is dependent on 
the physicochemical qualities of water and also on 
the biological diversity of the system [6,7,8]. 
Industrialization, urbanization and modern 
agriculture practices have direct impact on the water 
resources. These factors influence the water 
resources quantitatively and qualitatively [9]. The 
water bodies of Lucknow, Unnao and Kanpur (U.P.), 
India polluted through various point and non point 
sources were found to be either eutrophic or 
oligotrophic in nature. These water bodies supported 
a great number of algal diversity, which varied 
seasonally depending upon the physicochemical 
properties of water. Further, the water bodies 
polluted through non point sources supports diverse 
algal species, while the water bodies polluted 
through point sources supports growth of tolerant 
blue green algae [10]. Districts of Lucknow, Unnao 
and Kanpur are very rich in water resources due to 
prevalence of a great variety of geological and 
climatic conditions. These districts receive normal 
rainfall and experience subtropical climate with two 
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perennial rivers, Gomati and Sai. Besides, the top 
aquifer is having maximum stress towards 
development leading to decline in water level. 
However, these resources are under constant pressure 
of various anthropogenic activities, spurt in industrial 
operations and unmanaged use of water resources 
[11]. Due to ever increasing pollution pressure on 
these water bodies the water quality is deteriorating 
leading to the changes in the aquatic biodiversity, 
which need urgent attention. 

Water quality is determined by the physical and 
chemical limnology of a reservoir [12] and includes 
all physical, chemical and biological factors of water 
that influence the beneficial use of the water. The use 
of the physico-chemical properties of water to assess 
water quality gives a good impression of the status, 
productivity and sustainability of such water body. 
The changes in physical characteristics like 
temperature, transparency and chemical elements of 
water such as dissolved oxygen, chemical oxygen 
demand, nitrate and phosphate provide valuable 
information on the quality of the water, the source(s) 
of the variations and their impacts on the functions 
and biodiversity of the reservoir. Contamination of 
water bodies might lead to a change in their trophic 
status and render them unsuitable for aquaculture. 
Several physicochemical or biological factors could 
act as stressors and adversely affect fish growth and 
reproduction [13]. Hence, regular monitoring of 
physicochemical and biological water quality 
parameters is essential to determine status of lakes 
with reference to fish culture. In previous studies the 
water quality status of some urban ponds of 
Lucknow, U.P., India was investigated and it was 
concluded that water quality is polluted as the results 
were above the permissible limits. The city sewage 
discharge, agriculture and urban runoff and 
continuous dumping of waste materials especially 
sanitary waste are affecting the water quality of these 
urban water bodies. There is considerable need for 
better understanding of these small impoundments so 
that they can be managed effectively [14]. 

Most of wastewaters are dumped straight into 
rivers, lakes and estuaries without any treatment. One 
major goal of surface water quality data collection 
may be the estimation of magnitude of changes in the 
concentration of various constituents [15,16,17,18]. 
Most of the Indian cities are not sufficiently planned 
to contain large population and on many occasions 
small towns have grown eccentrically into cities by 
adding of settlements, rather than by planned 
development. Limnological investigations on water 
bodies were aimed to assess the deterioration of 
water quality due to pollution. Several studies have 
been made on the limnology of fresh water bodies in 
India [19]. Urban stormwater runoff not only 
transport substances washed from streets and 
buildings but also, domestic and industrial sewage, 
thus constituting one of the most important sources 
of diffuse contamination [20]. The effect of urban 

drainage on receiving water bodies is reflected in 
their water quality, hydrology and habitat conditions 
[21]. The contribution of suspended sediments, 
nutrients and toxic substances is related to urban 
development, catchment imperviousness and state of 
drainage systems [22]. Keeping the problems in 
view, the study was carried out to investigate the 
effect of urban drainage on the lentic water bodies 
(ponds) of the city to know their status and to make 
the authorities aware about the need of their 
conservation. 

 
Materials and Methods 

 
Study area: 

 
Lucknow, the capital of Uttar Pradesh (26o5/N 

latitude, 80o56/E longitude, 128 m above the sea 
level), is spread over an area of 310 km2 in the 
central plain of the Indian subcontinent, supporting a 
population of 36.48 lakhs. It has distinct tropical 
climate with a marked monsoonal effect. The year is 
divided into three distinct seasons i.e., summer 
(March to June), Rainy (July to October) and winter 
(November to February). The temperature ranges 
from a minimum of 50C in winter to a maximum of 
470C in summer. The mean average relative humidity 
is 60% with a rainfall of 1006.8 mm. There are 
number of surface water bodies (i.e., pond etc.) both 
in the rural as well as in urban areas of the city but 
unfortunately there is a lack of sufficient information 
of the water quality of these water bodies. Lucknow 
Urban Agglomeration (LUA) became a million-plus 
city in 1981. The Master Plan 2021 is the basis of 
information for the projected population and land use 
in peripheral areas where considerable private 
development has been taking place. Growth rates 
have been arrived at through adding an additional 
population of 100,000 every five years for additional 
areas that might get incorporated within the city. 
According to the Land Records of the Lucknow 
Nagar Nigam, the city has 846 tanks and ponds - the 
majority of which are unidentifiable due to 
reclamation. Lucknow has a number of tanks that 
were constructed by the nawabs and their chieftains. 
Some of these were ancient and famous as religious 
places and were renovated and developed further by 
them [23]. 

For the study of seasonal variations in water 
quality, four pond water bodies designated as A, B, C 
and D were selected from different areas, which are 
permanent in nature regarding water input mentioned 
as: 

 
 Maviyahia pond called as cheer sagar near PGI 
(pond A) 
 At Telebagh infront of Rambarose Intercollege 
(pond B) 
 At Ruchikhand near Shardhanagar (pond C) 
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 At Aurangabad Jageer behind Ambedkar 
Maidan (pond D) 

  
Sampling and analysis: 

Samples were collected, stored and analyzed 
following the Standard Methods for the Examination 
of Water and Wastewater (APHA, 2005). Water 
samples were sampled in jerry canes and following 
parameters were analyzed: 

Electrical conductivity (EC), total solids (TS), 
total dissolved solids (TDS), pH, dissolved oxygen 
(DO), biochemical oxygen demand (BOD), 
alkalinity, total hardness, chloride, sulphide, residual 
chlorine and free CO2. 

 
Results and Discussion 

 
To study the seasonal variation in physico-

chemical properties, four pond water bodies 
designated as A, B, C and D were selected depending 
upon the water input and also the catchment sources 
as it was observed in the preliminary study that the 
water bodies are prone to major sources of pollution 
like highway runoff, sewage, urban runoff etc. Three 
replicates data were summarized as Mean ± SD. 
Groups were compared by two factor analysis of 
variance (ANOVA) and the significance of mean 
difference within and between the groups was done 
by Newman-Keuls post hoc test. A two-tailed (α=2) 
probability (p) values less than p<0.05 were 
considered to be statistically significant. Analysis 
was performed on SPSS (version 13.0).  

 

Electrical conductivity: 
 
Marked variations in electrical conductivity 

were observed in the four ponds along the three 
seasons (Table 1). It was found that during summer 
highest value was detected in pond B (16.42 ± 0.51 
mS/cm) followed by pond A (16.10 ± 0.90 mS/cm), 
pond C (15.66 ± 1.32 mS/cm) and pond D (13.17 ± 
0.95 mS/cm). Further it was observed that the pond 
D shows significant (Bp<0.05) decrease in electrical 
conductivity in comparison with pond B. In rainy 
season pond A showed maximum value (17.28 ± 
1.64 mS/cm) followed by pond D (17.08 ± 1.70 
mS/cm), pond B (17.03 ± 1.19 mS/cm) and pond C 
(16.45 ± 1.57 mS/cm). Also in winters the electrical 
conductivity was found maximum in pond A (17.97 
± 1.01 mS/cm) followed by pond C (15.13 ± 1.55 
mS/cm), pond B (14.68 ± 1.49 mS/cm) and pond D 
(11.81 ± 0.70 mS/cm). Beside it was observed that 
the pond D showed highly significant (Ap< 0.01) 
decrease in electrical conductivity in comparison 
with pond A and was also less significant (Bp<0.05, 
Cp<0.05) in comparison with ponds B and C. Marked 
variations in electrical conductivity were observed in 
all the water bodies. Seasonally pond A recorded 
maximum value and pond D minimum in winter 
season, which shows the availability of free ions and 
other nutritional elements such as nitrates, chlorides 
and bicarbonates. It has been a general observation 
that the higher conductivity exhibit higher 
concentration of ions in the water. The relationship 
between seasons and electrical conductivity was not 
found much significant. 

 
Table 1: Seasonal variation (Mean ± SD, n=3) in electrical conductivity (mS/cm) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 16.10 ± 0.90 16.42 ± 0.51 15.66 ± 1.32 13.17 ± 0.95B 
Rainy 17.28 ± 1.64 17.03 ± 1.19 16.45 ± 1.57 17.08 ± 1.70 
Winter 17.97 ± 1.01 14.68 ± 1.49 15.13 ± 1.55 11.81 ± 0.70ABC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Total solids: 

 
The values of total solids (TS) in summer were 

found maximum in pond D (1006.30 ± 1.08 mg -l) 
followed by pond C (984.40 ± 1.10 mg -l), pond A 
(955.81 ± 1.07 mg -l) and minimum for pond B 
(890.45 ± 1.05 mg -l), however, it was observed that 
pond D shows highly significant increase in 
comparison with ponds A, B and C and also same 
trend was observed by pond B in comparison with 
pond A and by pond C in comparison with ponds A 
and B (Table 2). During rainy season all the four 
ponds showed highly significant (Sp<0.01) increase 

in total solids than in summer as the values were 
maximum for pond A (1003.22 ± 1.01 mg -l) 
followed by pond D (1002.98 ± 1.03 mg –l), pond B 
(1002.18 ± 1.06 mg -l) and pond C (1000.80 ± 1.04 
mg -l). In winter ponds A, B and D showed much 
significant (SRp<0.01) increase in comparison with 
summer and rainy and also pond C showed the same 
trend but the increase was significant (Sp<0.01) than 
summer only. Further it was observed that in winter 
season pond D (1012.43 ± 1.09 mg -l) detected much 
significant (ABCp<0.01) change in concentration of 
total solids than ponds A (1113.39 ± 1.16 mg -l), B 
(1101.80 ± 1.03 mg -l) and C (1002.76 ± 1.14 mg -l).
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Table 2: Seasonal variation (Mean ± SD, n=3) in total solids (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 955.81 ± 1.07 890.45 ± 1.05A 984.40 ± 1.10AB 1006.30 ± 1.08ABC 
Rainy S1003.22 ± 1.01 S1002.18 ± 1.06 S1000.80 ± 1.04 S1002.98 ± 1.03 
Winter SR1113.39 ± 1.16 SR1101.80 ± 1.03A S1002.76 ± 1.14AB SR1012.43 ± 1.09ABC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Total dissolved solids: 

 
During summer pond C (1052.85 ± 1.29 mg -l) 

showed maximum value of total dissolved solids 
followed by pond B (1008.41 ± 2.21 mg -l), pond D 
(888.07 ± 1.44 mg -l) and pond A (866.27 ± 2.91 mg 
-l). It was found that pond B showed much 
significant increase in concentration than pond A and 
also pond C showed the same trend in comparison 
with ponds A and B, however, there was highly 
significant change in pond D when compared with 
ponds A, B, and C (Table 3). But in rainy season 
ponds A and D detected much significant increase in 
the concentration of total dissolved solids in 
comparison with summer, however, in ponds B and 
C, the concentration decreases. The values were 
maximum for pond C (984.74 ± 1.41 mg -l) followed 

by pond B (965.33 ± 1.53 mg -l), pond D (916.33 ± 
1.53 mg -l) and pond A (905.00 ± 2.00 mg -l). During 
winters there was highly significant change in 
concentration in comparison with summer and rainy 
as the pond B showed the maximum value (1004.20 
± 1.45 mg -l) followed by pond C (1003.92 ± 1.82 
mg -l), pond A (1001.83 ± 1.60 mg -l) and minimum 
for pond D (996.40 ± 2.13 mg -l). Total Solids (TS) 
and Total Dissolved Solids (TDS) were found 
maximum, above the normal range. TS in water are 
due to inorganic substances, organic matter, 
suspended solids, silt, clay and plankton etc .TDS 
comprises mainly of inorganic salts and small 
amounts of organic matter. Seasonally there was also 
significant variation in TS and TDS, which gradually 
increases from summer to rainy season.

 
Table 3: Seasonal variation (Mean ± SD, n=3) in total dissolved solids (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 866.27 ± 2.91 1008.41 ± 2.21A 1052.85 ± 1.29AB 888.07 ± 1.44ABC 
Rainy S905.00 ± 2.00 S965.33 ± 1.53A S984.74 ± 1.41AB S916.33 ± 1.53ABC 
Winter SR1001.83 ± 1.60 SR1004.20 ± 1.45 SR1003.92 ± 1.82 SR996.40 ± 2.13ABC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 
 
pH:  

 
The pH values varied between 7.90 to 7.25 in all 

the four ponds in summer season and in rainy season 
the values were in between 7.91 to 7.42. But in 
winters the pH of pond A (9.25 ± 0.25) was observed 
significantly greater than in summer and rainy 
season. Besides, the pH of pond B (7.25 ± 0.37) 
shows much significant variation in comparison with 
pond A and also the pH of pond C (7.85 ± 0.44) and 
D (7.76 ± 0.56) is significantly lower than pond A 
(Table 4). These variations may be due to high CO3

2- 

and associated environmental factors. Hydrogen ion 
concentrations is an important factor in maintaining 
the bicarbonate and carbonate system of fresh water 
and contribute significantly to the formation of algal 
blooms [24,25,26]. In majority of the studies 
conducted on water bodies, the pH value is generally 
reported between 6 to 9. The pH range which is not 
directly lethal to fish is 5 to 9, however, the toxicity 
of several common pollutants is markedly affected 
by pH changes within this range and increasing 
acidity or alkalinity may make these poisons more 
toxic [27]. 

 
Table 4: Seasonal variation (Mean ± SD, n=3) in pH of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 7.90 ± 0.61 7.49 ± 0.63 7.80 ± 0.61 7.25 ± 0.31 
Rainy 7.42 ± 0.29 7.48 ± 0.56 7.91 ± 0.54 7.46 ± 0.27 
Winter SR9.25 ± 0.52 7.52 ± 0.37A 7.85 ± 0.44A 7.76 ± 0.56A 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Dissolved oxygen: 

 
The highest value of dissolved oxygen in 

summer was found in pond D (5.91 ± 0.88 mg -l) 

followed by pond A (4.52 ± 0.45 mg -l), pond B 
(4.16 ± 0.50 mg -l) and pond C (4.11 ± 0.95 mg -l). In 
rainy season there is a variation in dissolved oxygen 
as the pond D (6.00 ± 0.57 mg -l) showed maximum 
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value followed by pond A (5.67 ± 0.73 mg -l), pond 
C (4.84 ± 0.49 mg -l) and pond B (4.56 ± 0.78 mg -l). 
However, in winter season the dissolved oxygen of 
pond A (6.67 ± 0.64 mg -l) is significantly greater 
than rainy season and also pond B (6.74 ± 0.88 mg -l) 
showed significantly greater values than summer and 
rainy. Further it was observed that the dissolved 
oxygen of pond C (4.75 ± 0.96 mg -l) is lower than 
pond A and B and also the pond D (6.89 ± 0.43 mg -

l) showed significant variation in comparison with 
pond C.  Dissolved oxygen level was found very low 
and seasonally there was not significant variation in 

summer and rainy season but in winter pond A 
recorded maximum value than rainy and pond B 
showed same trend than summer and rainy (Table 5). 
The low dissolved oxygen and nutrients levels 
indicate the poor productivity of the pond. Dissolved 
oxygen is essential and in some cases even limiting 
factor for maintaining aquatic life, its depletion in 
water is probably the most frequent result of certain 
forms of water pollution. Dissolved oxygen content 
was used as an index of water quality to estimate the 
effect of industrial and municipal effluents on the 
waters of San Vicente Bay in Chile [28].

 
Table 5: Seasonal variation (Mean ± SD, n=3) in dissolved oxygen (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 4.52 ± 0.45 4.16 ± 0.50 4.11 ± 0.95 5.91 ± 0.88 
Rainy 5.67 ± 0.73 4.56 ± 0.78 4.84 ± 0.49 6.00 ± 0.57 
Winter R6.67 ± 0.64 SR6.74 ± 0.88 4.85 ± 0.96AB 6.89 ± 0.43C 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Biological oxygen demand: 

 
Biological oxygen demand during summer 

varied as pond D (5.33 ± 0.82 mg -l) showed lowest 
value followed by pond C (5.84 ± 0.80 mg -l), pond 
B (6.89 ± 0.52 mg -l) and pond A (7.04 ± 0.83 mg -l). 
There was not significant variation in rainy season 
but in winters pond A (4.42 ± 0.25 mg -l) showed 

much significantly lower value than summer and also 
the pond B (4.52 ± 0.47 mg -l) detected significant 
variation in comparison with summer and rainy 
seasons (Table 6). The BOD level was recorded 
maximum indicating the pollution load. It was 
observed high during summer which gradually 
decreases to winter season showing a significant 
variation particularly in pond A and pond B.

  
Table 6: Seasonal variation (Mean ± SD, n=3) in biological oxygen demand (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 7.04 ± 0.83 6.98 ± 0.52 5.84 ± 0.80 5.33 ± 0.82 
Rainy 5.87 ± 1.01 6.13 ± 1.08 5.05 ± 0.75 5.26 ± 0.63 
Winter S4.42 ± 0.25 SR4.52 ± 0.47 6.19 ± 0.25 4.55 ± 0.32 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Alkalinity: 

 
Among the four ponds in summer, pond C 

(309.98 ± 1.28 mg -l) showed maximum value of 
alkalinity followed by pond B (241.40 ± 1.28 mg -l), 
pond A (231.06 ± 0.96 mg -l) and pond D (202.78 ± 
1.13 mg -l). Besides, the alkalinity of pond B was 
highly significant than pond A and that of pond C 
was also highly significant than ponds A and B. Pond 
D also showed much significant variation in 
comparison with ponds A, B, and C. In rainy season 
the trend was same, however, the alkalinity of all the 
four ponds was found highly significant when 
compared with the values of summer (Table 7). 
During winter, it was observed that the values are 

highly significant in comparison with summer and 
rainy as the pond A (438.90 ± 0.97 mg -l) showed 
maximum value followed by pond B (404.00 ± 1.00 
mg -l), pond C (366.77 ± 0.71 mg -l) and pond D 
(350.69 ± 1.12 mg -l). The range of total alkalinity in 
Indian waters may be found between 40 mg -l to over 
1000 mg -l [29]. It was also reported that the total 
alkalinity values fluctuated from 35.2 to 110 mg –l 
[30]. Total alkalinity values ranged from 16.0 to 
208.0 mg -l in low productive rain fed brackish water 
ponds along the periphery of Chilka Lake, Orissa 
[31]. During the present investigation alkalinity was 
recorded maximum in winter season, showing highly 
significant variation in all the selected four ponds.
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Table 7: Seasonal variation (Mean ± SD, n=3) in alkalinity (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 231.06 ± 0.96 241.40 ± 1.28A 309.98 ± 0.80AB 202.78 ± 1.13ABC 
Rainy S377.50 ± 1.09 S433.33 ± 1.08A S215.84 ± 1.05AB S195.19 ± 1.16ABC 
Winter SR438.90 ± 0.97 SR404.00 ± 1.00A SR366.77 ± 0.71AB SR350.69 ± 1.12ABC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Total hardness: 

 
During summer pond B (251.64 ± 2.87 mg -l) 

detected maximum value of total hardness (Table 8) 
and the minimum was for pond D (250.06 ± 1.56 mg 
-l). But in rainy season there was significant variation 
as the pond A (252.01 ± 1.69 mg -l) showed 
maximum value followed by pond B (250.46 ± 1.07 
mg -l), pond C (241.96 ± 1.19 mg -l) and pond D 
(229.49 ± 1.16 mg -l). During winters all the four 
ponds observed highly significant change in total 
hardness in comparison with summer and rainy as 
the value was maximum for pond B (235.03 ± 1.06 

mg -l) followed by pond D (234.33 ± 2.08 mg -l), 
pond C (220.40 ± 1.42 mg -l) and pond A (198.42 ± 
1.12 mg -l). Hardness of water is due to the 
carbonate, bicarbonate, chloride and sulphate of 
calcium and magnesium. The total hardness as a 
water quality parameter from the prawn production 
point of view has been studied by several workers 
[32-34]. The analysis of variance also indicates that 
the total hardness of water in different ponds was 
very much similar. However, the concentration was 
found maximum in summer which gradually 
decreases to winter season.

 
Table 8: Seasonal variation (Mean ± SD, n=3) in total hardness (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 251.49 ± 1.62 251.64 ± 2.87 250.99 ± 2.35 250.06 ± 1.56 
Rainy 252.01 ± 1.69 250.46 ± 1.07 S241.96 ± 1.19AB S229.49 ± 1.16ABC 
Winter SR198.42 ± 1.12 SR235.03 ± 1.06A SR220.40 ± 1.42AB SR234.33 ± 2.08AC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Chloride: 

 
The chloride in all the four ponds was detected 

and it was found that pond D (40.69 ± 0.75 mg -l) has 
the least content and pond B (66.90 ± 2.09 mg -l) 
showed maximum value in summer season (Table 9). 
It was also observed that pond D showed significant 
change in concentration in comparison with ponds A, 
B, and C. During rainy season maximum amount of 
chloride content was found in pond A (71.38 ± 0.96 
mg -l) and the minimum for pond B (68.36 ± 0.93 mg 
-l). During winters all the four ponds detected much 
significant variation when compared with summer 
and rainy season as the pond D (85.73 ± 1.98 mg -l) 

showed maximum value followed by pond A (84.26 
± 1.69 mg -l), pond B (83.28 ± 2.08 mg -l) and pond 
C (75.92 ± 0.49 mg -l). Chlorides in waters are 
generally due to salts of sodium, potassium and 
calcium. It may also be contributed by sewage 
discharge, irrigation drainage to the natural waters. 
The chloride contents were found significantly 
increasing from summer to winter season. According 
to BIS, permissible limit of chloride is 250 mg -l. 
Chloride occurs in all natural waters in widely 
varying concentrations. The chloride contents 
normally increases as the mineral contents increases 
[35].

 
Table 9: Seasonal variation (Mean ± SD, n=3) in chloride (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 59.06 ± 1.87 67.52 ± 1.23A 66.90 ± 2.09A 40.69 ± 0.75ABC 
Rainy S71.38 ± 0.96 68.36 ± 0.93 S70.60 ± 0.85 S70.71 ± 0.78 
Winter SR84.26 ± 1.69 SR83.28 ± 2.08 SR75.92 ± 0.49AB SR85.73 ± 1.98C 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Sulphide: 

 
Sulphide content was recorded maximum in 

pond C (33.15 ± 1.77 mg -l) and minimum in pond B 
(26.11 ± 1.80 mg -l) during summer and it was 
observed that pond B showed highly significant 

change in concentration than pond A. Same trend 
was detected by ponds C and D when compared with 
pond B. In rainy season pond C also showed 
maximum value followed by pond B, pond A and 
pond D, however, there was significant variation in 
sulphide contents of ponds A, B, and D in 
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comparison with summer (Table 10). During winters, 
all the four ponds detected highly significant change 
in concentration when compared with rainy season as 
the value goes maximum for pond C (35.25 ± 1.16 
mg -l) followed by pond B (33.26 ± 1.21 mg -l), pond 
A (31.13 ± 1.01 mg -l) and pond D (29.56 ± 1.17 mg 

-l). The presence of sulphides comes partially from 
the decomposition of organic matter, but mostly from 
the bacterial reduction of sulphate. The possible 
causes of the higher value of sulphides may be due to 
the uses of detergent and soaps. 

 
Table 10: Seasonal variation (Mean ± SD, n=3) in sulphide (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 32.46 ± 1.69 26.11 ± 1.80A 33.15 ± 1.77B 31.69 ± 1.05B 
Rainy S23.71 ± 1.16 S29.49 ± 1.35A 30.00 ± 1.01A S20.58 ± 1.40ABC 
Winter R31.13 ± 1.01 SR33.26 ± 1.21 R35.25 ± 1.16A R29.56 ± 1.17BC 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
Residual chlorine: 

 
In summer all the four ponds does not indicate 

significant variation in residual chlorine content as 
the values were between 1.39 to 1.26 mg -l but in 
rainy season, ponds B (1.43 ± 0.22 mg -l), C (1.76 ± 
0.24 mg -l) and D (1.47 ± 0.26 mg -l) showed 
significant change in comparison with pond A (2.47 

± 0.46 mg -l). Also the residual chlorine of pond A in 
rainy season was highly significant than in summer. 
In winters the values varied between 1.29 to 0.72 mg 
-l and the pond A (0.72 ± 0.43 mg -l) detected highly 
significant variation when compared with rainy 
season. Residual chlorine was found above 
permissible limits. It was recorded maximum in rainy 
season (Table 11). 

  
Table 11: Seasonal variation (Mean ± SD, n=3) in residual chlorine (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 1.33 ± 0.37 1.39 ± 0.32 1.26 ± 0.29 1.27 ± 0.31 
Rainy S2.47 ± 0.46 1.43 ± 0.22A 1.76 ± 0.24A 1.47 ± 0.26A 
Winter R0.72 ± 0.43 1.29 ± 0.45 0.79 ± 0.33 1.07 ± 0.40 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 

 
 
Free CO2: 

 
Pond C (19.38 ± 0.27 mg -l) recorded maximum 

value of free CO2 followed by pond B (14.98 ± 0.24 
mg -l), pond D (10.66 ± 1.15 mg -l) and pond A (9.76 
± 0.35 mg -l). In rainy season all the four ponds 
recorded much significant variation in the content of 
free CO2 in comparison with summer as the pond B 
(19.49 ± 1.35 mg -l) showed maximum value and 
pond A (12.89 ± 0.32 mg -l) detected minimum. In 
winter season ponds A, B, and C recorded highly 
significant variation when compared with summer 
and rainy season and pond D showed the same trend 
but only with rainy season (Table 12). The values go 
maximum for pond B (34.18 ± 0.94 mg -l) followed 
by pond A (20.20 ± 1.13 mg -l), pond D (11.58 ± 

0.82 mg -l) and pond C (11.01 ± 0.67 mg -l). Besides, 
ponds C and D recorded much significant (ACp<0.01) 
change in concentration of free CO2 in comparison 
with ponds A and B in winter season. The CO2 
contributes to the fitness of natural waters which is 
derived from various sources such as atmosphere, 
respiration by organisms, bacterial decomposition of 
organic matter etc. The rate of changes in free CO2 
concentration is considerable due to decomposition 
of organic matter at the bottom [36]. Respiration by 
zooplankton and other organisms may be one of the 
probable cause of very high concentration of free 
CO2 in present investigation. The analysis of 
variance showed that free carbon dioxide is 
significantly different from one pond to the other.

  
Table 12: Seasonal variation (Mean ± SD, n=3) in free CO2 (mg -l) of four selected ponds (A, B, C, D) 

Seasons 
Ponds 
A B C D 

Summer 9.76 ± 0.35 14.98 ± 0.24A 19.38 ± 0.27AB 10.66 ± 1.15BC 
Rainy S12.89 ± 0.32 S19.49 ± 1.35A S14.23 ± 1.36B S14.61 ± 1.27B 
Winter SR20.20 ± 1.13 SR34.18 ± 0.94A SR11.01 ± 0.67AB R11.58 ± 0.82AB 

Ap<0.05 or Ap<0.01- in comparison with pond “A”, Bp<0.05 or Bp<0.01- in comparison with pond “B” and Cp<0.05 or Cp<0.01- in 
comparison with pond “C” 
Sp<0.05 or Sp<0.01- in comparison with season “Summer” and Rp<0.05 or Rp<0.01- in comparison with season “Rainy” 
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Conclusion: 
 
The study concludes that the water quality of 

ponds of Lucknow city is polluted as the results are 
above the permissible limits. The city sewage 
discharge, agriculture and urban runoff and 
continuous dumping of waste materials especially 
sanitary waste are affecting the water quality of these 
urban water bodies. There is considerable need for 
better understanding of these small impoundments so 
that they can be managed effectively. Of the 
technologies available for remediating contaminated 
soil and water, phytoremediation using aquatic plants 
is promising because of its low cost compared to 
conventional physical or chemical methods, fewer 
negative effects, and suitability for removal of low 
concentration pollutants at a large scale, which is the 
next step of our study. Biological technologies for 
wastewater remediation techniques employed to 
remove contaminants in urban stream water are 
increasingly receiving attention worldwide [37]. 
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