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Abstract 

Present study deals with the physico-chemical parameters of water quality of two well

Central Gujarat, viz. Pariej and Kanewal

understand seasonal dynamics of various water quality parameters. To understand water quality profile of the two wetlands, 

water samples were seasonally collected for analyzing 16 physic

winter and summer) of the year 2016-17. The parameters included temperature, pH, electric conductivity, turbidity, total 

dissolved solids (TDS), dissolved oxygen (DO), acidity,

nitrates, nitrites and phosphates which were analyzed by standard methods for comparative study of them.

 

Keywords: Central Gujarat, Kanewal, Pariej, 
 

Introduction 

Wetlands are defined as ‘marshes, fens, peatland
whether natural or artificial, permanent or temporary with water 
that is stationary or flowing, fresh, brackish or salt, including 
marine water areas, where the depth at low tide does not surpass 
six meters’1. The most important step for mainten
wetlands is to sustain proper quality of water
unfortunately, water quality of many wetlands has been 
deteriorating due to discharge of untreated effluents from 
industries, domestic sewage and agricultural run
originating from these sources may deplete dissolved oxygen 
(DO), cause nutrient over-enrichment leading to cultural 
eutrophication, raise turbidity and increase suspended solids in 
surface water sources3. These, in turn, may affect the biotic 
communities inhabiting the wetlands being polluted. Pollutants 
from industrial, agricultural and domestic sources can have 
considerable effect on water quality and in turn, aquatic life and 
various ecosystem services facilitated by wetlands
and Pariej irrigation reservoirs are the two very important man
made wetlands that are located in the neighboring districts 
Anand and Kheda respectively that are located in Central 
Gujarat. They are located at the distance of just 23 km from 
each other. Both of them are the Important Bird
Biodiversity Area (IBA) sites)5 and Pariej is a Nationally 
Important Wetland too. Additionally, they are the wetlands 
having high conservation value with Rank-1 as per Salim Ali 
Centre for Ornithology and Natural History
Additionally, they have been the source of drinking water for 
some areas in Saurashtra 6,7. Considering these factors, these 
two wetlands were selected for seasonal water quality 
monitoring from July 2016 to March 2017 (covering monsoon, 
winter and summer seasons of the year 2016-17).
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chemical parameters of water quality of two well-known man

Central Gujarat, viz. Pariej and Kanewal. This study was conducted to ascertain their overall water quality status and to 

understand seasonal dynamics of various water quality parameters. To understand water quality profile of the two wetlands, 

water samples were seasonally collected for analyzing 16 physico-chemical parameters during the three seasons (monsoon, 

17. The parameters included temperature, pH, electric conductivity, turbidity, total 

(DO), acidity, alkalinity, total hardness, chlorides, salinity and some nutrients like 

nitrates, nitrites and phosphates which were analyzed by standard methods for comparative study of them.
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Wetlands are defined as ‘marshes, fens, peatland or water, 
whether natural or artificial, permanent or temporary with water 
that is stationary or flowing, fresh, brackish or salt, including 
marine water areas, where the depth at low tide does not surpass 

. The most important step for maintenance of 
quality of water2. But 

unfortunately, water quality of many wetlands has been 
deteriorating due to discharge of untreated effluents from 
industries, domestic sewage and agricultural run-off. Pollutants 

these sources may deplete dissolved oxygen 
enrichment leading to cultural 

eutrophication, raise turbidity and increase suspended solids in 
. These, in turn, may affect the biotic 

etlands being polluted. Pollutants 
from industrial, agricultural and domestic sources can have 
considerable effect on water quality and in turn, aquatic life and 
various ecosystem services facilitated by wetlands4. Kanewal 

are the two very important man-
made wetlands that are located in the neighboring districts 
Anand and Kheda respectively that are located in Central 
Gujarat. They are located at the distance of just 23 km from 
each other. Both of them are the Important Bird and 

and Pariej is a Nationally 
Important Wetland too. Additionally, they are the wetlands 

1 as per Salim Ali 
Centre for Ornithology and Natural History-SACON (2004). 

ey have been the source of drinking water for 
. Considering these factors, these 

two wetlands were selected for seasonal water quality 
monitoring from July 2016 to March 2017 (covering monsoon, 

17). 

Study area: The study was carried out on two important
wetlands of Central Gujarat namely; Pariej irrigation reservoir 
and Kanewal irrigation reservoir.  
 

Pariej Wetland: Pariej (22°33′05.69″
Kheda district is a freshwater reservoir on the plains to the north 
of the Gulf of Khambhat and lies in a natural depression 
surrounded by an embankment. It covers an area of about 5 
sq.km with a circumference of about 12 km with water depth 
varying between 1.2m to 3.0m. Water is supplied to this 
reservoir through the Narmada and Mahi canals to maintain its 
level round the year. Drinking water to villages around Pariej 
and some villages in Saurashtra is supplied from this lake 
through the pipelines. It is rich i
functions an abode of a variety of residential as well as 
migratory birds6,7. More than 65 aquatic bird species are 
recorded. It is one of the eight Nationally Important wetlands 
from Gujarat8. 
 

Kanewal Wetland: Kanewal (22˚28’00” 
Anand district is located at the distance of about 60 kms from 
Anandand 80kms from Ahmedabad. It is situated 30 km north of 
the tip of Gulf of Khambhat and around 50 km south east of the 
southern portion of NalSarovar the only Ramsar 
The reservoir, under the control of State Irrigation Department, 
is spread over 6.25 sq. km. Its maximum depth is of about 12 m. 
The northern side of the reservoir is relatively shallow and 
supports aquatic vegetation6,7. It is one of th
ranking) wetland of the country from biodiversity view
per SACON’s wetland prioritization. Almost more than 180 
aquatic bird species with an average density of about 42,000 
waterfowl visit during peak winter months
importance of the wetland. Kanewal reservoir is a source of 
drinking water for 57 villages too10.
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known man-made inland wetlands of 

was conducted to ascertain their overall water quality status and to 

understand seasonal dynamics of various water quality parameters. To understand water quality profile of the two wetlands, 

chemical parameters during the three seasons (monsoon, 

17. The parameters included temperature, pH, electric conductivity, turbidity, total 

ness, chlorides, salinity and some nutrients like 

nitrates, nitrites and phosphates which were analyzed by standard methods for comparative study of them. 

Wetlands. 

The study was carried out on two important inland 
wetlands of Central Gujarat namely; Pariej irrigation reservoir 

′05.69″ N and 72°36′52.69″ E) in 
district is a freshwater reservoir on the plains to the north 

of the Gulf of Khambhat and lies in a natural depression 
surrounded by an embankment. It covers an area of about 5 
sq.km with a circumference of about 12 km with water depth 

m to 3.0m. Water is supplied to this 
reservoir through the Narmada and Mahi canals to maintain its 
level round the year. Drinking water to villages around Pariej 
and some villages in Saurashtra is supplied from this lake 
through the pipelines. It is rich in aquatic vegetation and 
functions an abode of a variety of residential as well as 

. More than 65 aquatic bird species are 
recorded. It is one of the eight Nationally Important wetlands 

˚28’00” N and 72˚32’00” E) in 
Anand district is located at the distance of about 60 kms from 
Anandand 80kms from Ahmedabad. It is situated 30 km north of 
the tip of Gulf of Khambhat and around 50 km south east of the 
southern portion of NalSarovar the only Ramsar site in the state. 
The reservoir, under the control of State Irrigation Department, 
is spread over 6.25 sq. km. Its maximum depth is of about 12 m. 
The northern side of the reservoir is relatively shallow and 

. It is one of the Rank-1(top 
ranking) wetland of the country from biodiversity view-point as 
per SACON’s wetland prioritization. Almost more than 180 
aquatic bird species with an average density of about 42,000 
waterfowl visit during peak winter months9 which shows the 

Kanewal reservoir is a source of 
. 
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Figure-1: Maps showing Pariej and Kanewal wetlands. 

 

Material and methods 

Water Sampling and Analyses: Stratified random sampling 
strategy was used for in situ water quality assessment or water 
sample collection for the laboratory based analysis. Thus, care 
was taken to collect water samples from randomly determined 
spatial points falling in each of the major habitat component of 
both the wetlands. In situ water quality was done on water 
samples that were collected from six wetland habitat 
components, with one sampling point randomly determined in 
each habitat component for Pariej and Kanewal wetlands. The 
habitats for water sampling or in-situ assessment included (a) 
Open Water (O) (b) Emergent Hydrophytic Cover (EC), (c) 
Water with Nymphaea/Nelumbo cover(NC), (d) Water with 
decomposing vegetation mat (DM), (e) Inlet (I) and (f) Outlet 
(O). The sampling/in situ water quality assessment was done 
between July 2016 and March 2017 in such a way that all the 
important seasons (i.e., monsoon, winter and summer) of the 
year 2016-17 got covered. The water samples were collected by 
grab sampling approach and unstable parameters like pH, 
temperature, turbidity, total dissolved solid (TDS), dissolved 
oxygen (DO), electrical conductivity were analyzed at the sites. 
Water samples were brought to the laboratory for analysis of 
other parameters like acidity, alkalinity, chlorides, salinity, total 
hardness, calcium hardness, magnesium hardness, as per 
standard methods11. 
 

Results and discussion 

Seasonal variations for various physico-chemical parameters of 
the water quality of the two wetlands are presented in Figure-2 
to Figure-17. 
 
pH: Aquatic organisms are affected by pH since most of their 
metabolic activities are pH dependent12. pH of the surface water 
of Pariej and Kanewal wetland ranged from 8.05 to 9.07 and 
6.90 to 9.70 respectively. The waters of both the wetlands were 
found to be alkaline though the range of its variation was larger 

for Kanewal (i.e., 6.90 and 9.70) than that for Pariej (i.e., 8.05 to 
9.07).  The values of pH of both the wetlands had remained 
greater than 7 irrespective of seasons, which indicated that the 
waters of these wetlands were well-buffered. The upper limit 
value of pH of Kanewal wetland (i.e., 9.70) was found to be 
higher than that of the Pariej wetland (i.e. 9.07). This might be 
due to the greater abundance of submerged hydrophytic 
vegetation and rooted hydrophytes with floating leaves (e.g., 
Nymphaea and Nelumbo) (and probably, algae too) in Kanewal 
leading to greater photosynthetic activity during day-time (when 
sample was taken) resulting in greater utilization of free CO2 in 
water and in turn higher value of pH. The lower limit of the pH 
of the (i.e., 6.9) was recorded at Kanewal during winter at the 
inlet of Kanewal wetland. This might be due to less abundance 
of submerged hydrophytes and Nymphaea/Nelumbo leading to 
low photosynthetic activity and ultimately resulting into the pH 
value as low as 6.913-15. 
 
According to CPCB water quality standards the pH level should 
be between 6.5 to 8.5 for the propagation of wildlife and 
fisheries. All the sites for both Pariej and Kanewal wetlands fall 
under CPCB standards. 
 
Water Temperature: Water temperature plays a significant 
role for regulating the physico-chemical and biological 
characteristics of water. It is considered as one among the most 
essential factors in the aquatic environment particularly for 
freshwater16. In Pariej wetland the temperature ranged from 
16.50ºC to 36.40ºC, whereas in Kanewal wetland it varied from 
23.40ºC to 33.00ºC. Between the two wetlands, the highest 
water temperature was recorded in monsoon (i.e., 36.40°C) in 
Pariej wetland in Nelumbo covered area, which might be due to 
trapping of heat by large Nelumbo leaves and obstruction to 
dilution of wetland water in this micro-habitat by relatively 
cooler rain-waters. The lowest value of water temperature was 
recorded during winter season was 16.50°C at Pariej wetland in 
inlet portion which might be due to cold low ambient 
temperature and shorter photoperiod17,18. 
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Turbidity: Turbidity of water can be associated with the water 
clarity as to the light scattered by the particles present in the 
water body which decreases the passage of light through the 
water11. In Pariej wetland the turbidity ranged from 0.95 NTU to 
137.40 NTU whereas in Kanewal wetland it varied from 0 NTU 
to 135 NTU (Figure-4). The high turbidity value (137.40 NTU) 
was recorded in Pariej wetland in the inundated portion of the 
wetland with decomposing mat of submerged aquatic vegetation 
which might be due to release of decomposed vegetation 
particles in that portion. High value of turbidity [as high as that 
for decomposing mat portion (137.4 NTU)] was also observed 
in the inlet of Pariej wetland, which might be due to some 
allochthonous material19. Low turbidity (0 NTU) was recorded 
in an open water area of Kanewal wetland during winter which 
might be due to trapping of turbidity particles by luxuriant 
underwater hydrophytic vegetation in the open water area of this 
wetland. In fact, this is a well-known ecosystem function of the 
hydrophytic vegetation growing in wetlands. 
 
Electrical Conductivity (EC): Water capability to transmit 
electric current is known as electrical conductivity and serve as 
a tool to assess the purity of water20. In Pariej wetland, the 
Electrical Conductivity(EC) varied from 24.47mS to 373.8 mS 
(excluding inlet) and in Kanewal wetland it varied from 0.98 
mS to 371.30 mS. It was interesting to note that the highest EC 
for both the wetlands was recorded in winter and that too in the 
Emergent vegetation cover portion of the wetlands. This might 
be due to greater amount/concentration of debris entangled/ 
trapped in the emergent vegetation area. Though highest EC 
between both the wetlands was recorded in the inlet of Pariej 
wetland (i.e., 378.10 mS), which might be due to allochthonous 
particles brought to this wetland. The lowest EC (i.e. 0.98 mS) 
was recorded in Kanewal wetland during monsoon, which might 
be due to flushing out of dissolved solids due to monsoon water 
influx into the wetland (Figure-5). It may be noted that Kanewal 
has many multiple outlets apart from a major outlet that was 
sampled during the study and that might have helped in 
efficiently flushing out the stored waters (with dissolved solids). 
 
Total Dissolved Solids (TDS): In Pariej and Kanewal wetlands, 
the Total Dissolved Solids (TDS) was recorded from 21.23 to 
252 mg/l and 3.21 to 254.30 mg/l respectively. The highest 
value was recorded during the monsoon season (254.30 mg/l) at 
Kanewal wetland and the lowest TDS was also recorded (3.21 
mg/l) during summer season at Kanewal wetland (Figure-6)  
 
Dissolved Oxygen (DO): In Pariej wetland the Dissolved 
Oxygen (DO) was recorded from 3.00 to 9.60 mg/l and in 
Kanewal it ranged from 0.66 to 15.27 mg/l. The highest value of 
DO was noted during the monsoon (15.27 mg/l) which may be 
due to high photosynthetic activity during the rainy season 
however the lowest value of DO was noted as 0.66 mg/l at 
Kanewal wetland (Figure-7) during the summer season which 
can be due to the addition of sewage and other wastes besides 
the high temperature that drastically decreased DO in the 
wetland.  

As per CPCB water quality standards for propagation of wildlife 
and fisheries the DO level of 4 mg/l or above is safe for aquatic 
life as well as drinking. Sites with vegetation cover of Nelumbo/ 

Nymphaea and Typha and decomposing vegetation mat in 
Kanewal wetland revealed low content of dissolved oxygen 
which do not fall under CPCB standards. 
  
Acidity: In Pariej and Kanewal wetlands the Acidity ranged 
from 20 to 110 mg/l as CaCO3 and 20 to 140 mg/l as CaCO3 
respectively. The highest value of acidity was reported during 
monsoon 140 mg/l as CaCO3 at Kanewal wetland and the lowest 
value of acidity was also reported at Kanewal wetland during 
summer season as (20 mg/l as CaCO3) (Figure-8). 
 
Alkalinity: Alkalinity of water is due to the presence of certain 
ions: carbonates, bicarbonates, and hydroxides in water. The 
highest value of alkalinity was reported during monsoon (330 
mg/l as CaCO3) at Pariej wetland which may be due to the 
addition of household detergent products in the wetland only in 
monsoon season due to flooding of channels after their 
saturations in summer. The lowest alkalinity was reported 
during summer season (130 mg/l as CaCO3) at this wetland 
(Figure-9). 
 
Chlorides: The highest amount (12.50 ppt) of chloride was 
recorded at Pariej wetland during winter season and minimum 
value (0.02 ppt) of chlorides was also recorded at Pariej wetland 
during summer season. High chloride quantity in freshwater is 
an important indicator suggesting organic pollution21. 
 
Salinity: Salinity is an important factor in determining many 
aspects of the chemistry of natural waters and of biological 
processes within it. In the present investigation, the maximum 
salinity (22.57 ppt) was observed in winter season at Pariej 
wetland and minimum salinity (0.05 ppt) was also observed in 
Pariej wetland during summer season. High salinity enhances 
the nutrient status of a wetland that results into their 
eutrophication16. A minor change in salinity will reflect on other 
physical, chemical and biological parameters22,23. Throughout 
the study the salinity was low at both the wetlands during 
summer and maximum during winter (Figure-11).  
 
Total Hardness: Total Hardness of water is mainly due to the 
presence of calcium and magnesium ions, and is an important 
indicator of the toxic effect of poisonous elements24. Highest 
value of total hardness was recorded during monsoon as (650 
mg/l) at Pariej wetland probably due to regular addition of large 
quantities of sewage and detergent into lake from the nearby 
residential areas25. Low values (100 mg/l) of total hardness was 
recorded during summer season at Pariej wetland (Figure-12). 
 
Calcium Hardness: High concentration of calcium content in 
water was recorded at Kanewal wetland (210 mg/l) during 
monsoon season. Calcium concentration might have increased 
due to the addition of sewage.  
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The lowest calcium concentration (21 mg/l) in Pariej wetland 
(Figure-13) was noted during summer season which may be due 
to large number or aquatic organisms absorbing calcium. 
 
Magnesium Hardness: Magnesium is essential for 
photosynthesis of chlorophyll bearing plants and therefore it can 
act as a limiting factor for the growth of phytoplankton. The 
highest value for magnesium hardness (545 mg/l) was recorded 
during the monsoon season at Pariej wetland. The lowest 
concentration of magnesium was 45 mg/l (Figure-14) that was 
recorded during the winter season at Kanewal wetland. 
 
Nitrates: Nitrates are oxidation products of organic nitrogen by 
bacteria present in soil and water where sufficient oxygen is 
present26. High level of nitrates was observed after onset of 
rains, which might be due to rain-water run-off that are known 
to bring fertilizer residues into wetlands from surrounding 
agricultural lands. Higher concentrations of nitrates represent 
higher pollution load27 and higher chances of eutrophication. 
High concentration of nitrates (44 mg/l) observed during 
monsoon season at Pariej wetland might be due to the heavy 
rainfall, land drainage and input of fertilizers from the adjacent 
agricultural fields and oxidation of ammonia28,29. In the present 
study, nitrates concentration was comparatively high at inlet 
which may be due to the direct discharge of sewage into the 
wetland. Most of the nitrate might have been derived from the 
decomposition of organic wastes30. 
 
Nitrites: Nitrites are unstable and their presence indicates fresh 
input of organic load into a water system31. The concentration of 
nitrites was high (0.49 mg/l) during summer season in Kanewal 
wetland and low (0.0 mg/l) during winter and summer in Pariej 
wetland at most of the sites (Figure-16). Low values of nitrites 
at both the wetlands were observed during summer as well as 
winter seasons. It might be due to the decreased amount of 
freshwater influx and increased utilization by plankton in the 
waters during these seasons as compared to that in monsoon 
season32-34.  
 
Phosphates: Phosphates are considered to be one of the major 
nutrients responsible for eutrophication of wetlands, as it is the 
primary initiating factor. High concentration of this nutrient in 
fresh water indicates pollution through sewage and industrial 
wastes35. Large quantities of phosphate indicate higher extent of 
pollution36. Higher concentration of phosphate was recorded in 
Kanewal wetland (6 mg/l) than Pariej wetland (4 mg/l). Thus, 
productivity of Kanewal might be higher than that of Pariej and 
more luxuriant under water vegetation and other hydrophytic 
vegetation at Kanewal wetland can be considered to be the 
indicator of the higher productivity of this wetland. Higher 
concentration of phosphate in the inlet of Kanewal during 
summer can be associated with the influx of domestic sewage 
and/or residues of agricultural fertilizers from the nearby 
villages/agricultural lands37,38. Low concentration of phosphate 
(0 mg/l) during winter season at Pariej wetland which might be 
due to less influx of fresh water, biological utilization and 

removal by absorption on to sediment and suspended particles39-

43 (Figure-17). 
 

 
Figure-2: Seasonal variation in pH for Pariej and  Kanewal 
wetlands 2016-17. 

 

 
Figure-3: Seasonal variation in Temperature for Pariej and  
Kanewal wetlands 2016-17. 

 

 
Figure-4: Seasonal variation of Turbidity for Pariej and 
Kanewal wetlands 2016-17. 
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Figure-5: Seasonal variation of Electrical Conductivity for 
Pariej and Kanewal wetlands 2016-17. 

 

 
Figure-6: Seasonal variation of Total Dissolved Solids for 
Pariej and Kanewal wetlands 2016-17. 
 

 
Figure-7: Seasonal variation of Dissolved Oxygen for Pariej 
and Kanewal wetlands 2016-17. 

 
Figure-8: Seasonal variation of Acidity for Pariej and Kanewal 
wetlands 2016-17. 

 

 
Figure-9: Seasonal variation of Alkalinity for Pariej and 
Kanewal wetlands 2016-17. 

 

 
Figure-10: Seasonal variation of Chlorides for Pariej and 
Kanewal wetlands 2016-17. 
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Figure-11: Seasonal variation of Salinity for Pariej and  
Kanewal wetlands 2016-17. 

 

 
Figure-12: Seasonal variation of Total Hardness for Pariej and 
Kanewal wetlands 2016-17. 

 

 
Figure-13: Seasonal variation of Calcium Hardness for Pariej 
and Kanewal wetlands 2016-17. 

 
Figure-14: Seasonal variation of Magnesium Hardness for 
Pariej and Kanewal wetlands 2016-17. 

 

 
Figure-15: Seasonal variation of Nitrates for Pariej and 
Kanewal wetlands 2016-17. 

 

 
Figure-16: Seasonal variation of Nitrites for Pariej and 
Kanewal wetlands 2016-17. 
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Figure-17: Seasonal variation of Phosphates for Pariej and 
Kanewal wetlands 2016-17. 
 
Water Samples from Pariej wetland were denoted as P1, P2, P3, 
P4, P5 and P6 and for Kanewal wetland as K1, K2, K3, K4, K5 
and K6. Habitats covered included-(a) Inlet (I), (b) Open Water 
(OW), (c) Water cover with Nymphaea/Nelumbo cover (NC), 
(d) Water with decomposing vegetation mat (DM), (e) 
Emergent hydrophytic cover (EC) and (f) Outlet (O). 
 

Conclusion 

Based on the comparative study of the physico-chemical 
characteristics of the two wetlands viz. Pariej and Kanewal 
reveals that as the season changes there is a fluctuation in the 
physico-chemical characteristics of the water of both the 
wetlands. Based on the results it can be concluded that Pariej 
wetland is moderately eutrophic than Kanewal wetland. The 
water of Pariej wetland shows higher values of turbidity, 
electrical conductivity, total hardness, nitrate, etc. High 
concentration of nitrate indicates that the wetland is moderately 
eutrophicated.  
 
In addition, it was also noted that the water quality of both the 
wetlands was getting deteriorated due to various human 
activities occurring in their vicinity. This study may be helpful 
for proper management and optimum utilization of both the 
wetlands. 
 

Acknowledgements 

The authors are thankful to the Manager Mr. Vikram Singh, 
Gujarat Ecological Education Research (GEER) Foundation. 
Our sincere thanks to Mr. Lamb Christian and Mr. Ronak Gupta 
for their dedicated help in collecting water samples from the two 
wetlands Pariej and Kanewal from July 2016 to March 2017. 
Thanks are also due to the former Laboratory Technician Ms 
Megha Patel for her consistent inputs in ex situ water analysis 
and Mr. Nitin Patel, Senior Research Fellow of the RS-GIS Cell 
of GEER Foundation for all the mapping inputs.  

References 

1. Ramsar Convention Secretariat (2013). The Ramsar 
Convention Manual: A guide to the Convention on 
Wetlands (Ramsar, Iran, 1971). 6th ed. Ramsar Convention 
Secretariat, Gland, Switzerland. 

2. Smitha Ajay D. and Shivashankar P. (2013). Physico 
Chemical Analysis of the Freshwater at River Kapila, 
Nanjangudu Industrial Area, Mysore, India. J. Env. Sc., 
2(8), 59-65. 

3. Sivakumar A.A. and Jaganathan R. (2002). Hydrography 
and pollution of the river Bhavani, Tamil Nadu, India. In A. 
Kumar (Ed.), Ecology and conservation of lakes, reservoirs 
and rivers, 1246. 

4. Mitsch W.J. and Gosselink J.G. (2000). Wetlands. 4th 
Edition, Wiley, New York. 920. 

5. Islam M.Z. and Rahmani A.R. (2004). Important Bird 
Areas in India: Priority areas for conservation. Mumbai, 
U.K. & Mumbai: Bombay Natural History Society, 
BirdLife International, & Oxford University Press. 

6. Parasharya B.M. and Jani J.J. (2006). Study of Wetland 
Habitat in North and Central Gujarat Region and 
Suggesting Management Strategies for it. Final Technical 
Report submitted to the Chief Conservator of Forests 
(Research), Gujarat State Forest Department, Govt. of 
Gujarat. 

7. Anonymous (2016). Wetlands of Gujarat. Gujarat 
Ecological Education and Research (GEER) Foundation, 
Gandhinagar, India. 215 (Unpublished Report) 

8. Singh H.S. (2014). Wetlands in Gujarat-Versatile and 
Vulnerable. Gujarat Biodiversity Board, Gandhinagar, 
India. 

9. Van Der Ven J. (1987). Asian Waterfowl 1987: Midwinter 
Bird Observations in Some Asian Countries. Slimbridge, 
UK. 103. 

10. Mukherjee A., Borad C.K. and Parasharya B.M. (2002). A 
study of the ecological requirements of waterfowl at man-
made reservoirs in Kheda district, Gujarat, India, with a 
view towards conservation, management and planning. 
Zoos' Print Journal, 17(5), 775-785. 

11. APHA and AWWA (1992). Standard. Methods for the 
examination of water & waste water. Washington DC 18th 
Edition. 

12. Wang W.N., Wang A.L., Chen L., Liu Y. and Sun R.Y. 
(2002). Effects of pH on Survival, Phosphorus 
Concentration, Adenylate Energy Charge and Na+-K+ 
ATPase Activities of Penaeuschinensis Osbeck Juveniles. 
Aquatic Toxicology, 60, 75-83. 

13. Otsuki A. and Wetzel R.G. (1974). Calcium and total 
alkalinity budget and calcium carbonate precipitation of a 
small hardwater lake. Arch Hydrobiology, 73, 14-30. 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

P1 K1 P2 K2 P3 K3 P4 K4 P5 K5 P6 K6

I OW NC DM EC O

m
g
/l

Monsoon(2016) Winter(2016) Summer(2017)



International Research Journal of Environmental Sciences ____________________________________________ISSN 2319–1414 

Vol. 7(2), 24-32, February (2018)  Int. Res. J. Environmental Sci. 
 

 International Science Community Association             31 

14. Syed A. and Datta-Munshi J. (1975). Studies on primary 
production in a freshwater pond. Jap. J. Ecol., 25(1), 21- 
23. 

15. Yousuf T., Yousuf A.R. and Mushtaq B. (2015). 
Comparative account on physico-chemical parameters of 
two wetlands of Kashmir, Valley. Intern J Recent Sci Res, 
6(2), 2876-2882. 

16. Singh R.P. and Mathur P. (2005). Investigation of 
variations in physicochemical characteristics of a fresh 
water reservoir of Ajmer city, Rajasthan. Indian Journal 

Environmental Sciences, 9, 57-61. 

17. Bohra O.P. and Bhargava S.C. (1977). Abiotic factor, 
chlorophyll pigment and primary production in two lakes of 
Jodhpur. Geobios, 4, 215-216. 

18. Umerfaruq Q.M. and Solanki H.A. (2015). Physico-
chemical parameters of water in Bibi Lake, Ahmedabad, 
Gujarat, India. Journal of Pollution Effects and Control, 
3(2), 1-5. 

19. Kumar S.M. and Ravindranath S. (1998). Water Studies-
methods for monitoring water quality. Center for 
Environment Education (CEE), Banglore, Karnataka, India, 
191. 

20. Murugesan A., Ramu A. and Kannan N. (2006). Water 
quality assessment from Uthamapalayam municipality in 
Theni District, Tamil Nadu, India. Pollution Research, 25, 
163-166. 

21. Venkatasubramani R. and Meenambal T. (2007). Study of 
sub-surface water quality in Mattupalayam Taluk of 
Coimbatore district Tamil Nadu. Nat. Environ. Pollut.Tech, 
6(2), 307-310. 

22. Dehadrai P.V. (1970). Changes in environmental features 
of the Zuari and Mandovi estuaries in relation to tides. 
Proc. Indian. Acad. Sci., 72(2), 68-80. 

23. Goswami S.C. and Singbal S.Y.S. (1974). Ecology of 
Mandovi and Zuari estuaries: Plankton community in 
relation to hydrographic conditions during monsoon 
months. Ind. J. Mar. Sci., 3, 51-57. 

24. Tiwari D.R. (2001). Hydro geochemistry of underground 
water in and around Chatarpur city. Indian Environ Health, 
43(4), 176. 

25. Kaur H., Dhillon S.S., Bath and Mander G. (1996). 
Analysis of the Elements pollution riverGaggar in the 
region of Punjab. Journal of Environment and Pollution, 
3(2), 65-68. 

26. World Health Organization (1996). Guidelines for Drinking 
Water Quality. Vol. 2, Health Criteria and other supporting 
information, WHO, Geneva. 

27. Kapoor C.P. (1993). Physico-chemical and biological study 
of four rivers at Bareilly (UP). Poll. Res, 12(4), 267-270. 

28. Raman A.V. (1995). Pollution effects in Visakhapatnam 
harbour, India: An overview of 23 years of investigations 
and monitoring. HelgolanderMeeresun., 49, 633-645. 

29. Mahapatro T.R. and Padhy S.N. (2001). Seasonal variation 
of Micronutrients in Rushikulya Estuary, Bay of Bengal. 
Poll Res., 20(4), 529-533. 

30. Satpathy K.K. (1996). Seasonal distribution of nutrients in 
the coastal waters off Kalpakkam, east coast of India. Ind. 

J. Mar. Sci., 25(3), 221-224. 

31. Sachin S.R., Benno Pereira F.G., Sumesh C., Sini Wilson 
and Jyothilal C.S. (2013). Seasonal variation in nutrient 
concentration of KandachiraKayal of the Ashtamudi lake, 
Kerala. Journal of Aquatic Biology & Fisheries, 1(1 & 2), 
165-173.  

32. Prabu V.A., Rajkumar M. and Perumal P. (2008). Seasonal 
variations in physico-chemical characteristics of 
Pichavaram mangroves, southeast coast of India. J. 

Environ. Biol, 29(6), 945-950. 

33. Sundaramanickam A., Sivakumar T., Kumaran R., 
Ammaiappan V. and Velappan R. (2008). Acomparative 
study of physicochemicalinvestigation along Parangipettai 
and Cuddalore coast. J. Environ. Sci. Technol., 1(1), 1-10. 

34. Manikannan R., Asokan S. and Ali A.H.M.S. (2011). 
Seasonal variations of physicochemical properties of the 
Great Vedaranyam Swamp, Point Calimere Wildlife 
Sanctuary, Southeast coast of India. African Jour. of Env. 

Sci. Tech., 5(9), 673-681. 

35. Bandela N.N., Vaidya D.P., Lomte V.S. and Shivanikar 
S.V. (1999). The distribution pattern of phosphate and 
nitrogen forms and their interrelationships in Barun Dam 
Water. Poll. Res., 18(4), 411-414. 

36. Desai P.V., Godase S.J. and Halkar S.G. (1995). 
Physicochemical characteristics of Khandepar River, Goa, 
India. Poll. Res., 14, 447-454. 

37. Benjamin R., Chakrapani B.K., Devashish K., Nagarathna 
A.V., Ramachandra T.V. (1996). Fish mortality in 
Bangalore lakes, India. Electronic Green Journal, 6. 
Retrieved from 
http://egj.lib.uidaho.edu/egj06/ramachandra.html. 

38. Hasler A.D. (1947). Eutrophication of lakes by domestic 
drainage. Journal of Ecology, 28, 383-395. 

39. De Sousa S.N., Gupta R.S., Sanzgiri S. and Rajagopal M. 
D. (1981). Studies on Nutrients of Mandovi & Zuari River 
Systems. Ind. J. Mar. Sci., 26, 314-321. 

40. Senthilkumar S., Santhanam P. and Perumal P. (2002). 
Diversity of phytoplankton in Vellar estuary, Southeast 
coast of India. Proceedings of the Indian Fisheries Forum 
(Ayyappan, S., Jena, J.K. and Mohan Joseph, M., eds.). 
AFSIB, Mangalore and AeA, Bhubanewar, India, 245-248. 



International Research Journal of Environmental Sciences ____________________________________________ISSN 2319–1414 

Vol. 7(2), 24-32, February (2018)  Int. Res. J. Environmental Sci. 
 

 International Science Community Association             32 

41. Rajasegar M. (2003). Physico-chemical characteristics of 
the Vellar estuary in relation to shrimp farming. J. Environ. 

Biol., 24, 95-101. 

42. Kumary K.A. amd Azis P.A. (1992). Water quality of the 
Poonthura estuary, Thiruvananthapuram. Mahasagar, 25(1), 
1-9. 

43. Meera S. and Bijoy N.S. (2010). Water quality status and 
primary productivity of Valanthakadu backwater in Kerala. 
Indian J. Mar. Sci., 31(5), 105-113. 

 


