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ABSTRACT

Rapid industrialization, population growth, etc. have deteriorated the water quality thus making the availability of fresh
water critical. There are about 19 water bodies in and around Jodhpur and GudaBishnoiyan pond is one of them, about
25 km away from Jodhpur. It was declared Wildlife Conservation Reserve by forest department in 2011 and is home to
many migratory birds. Water of this pond was analyzed for 11 physico-chemical parameters namely pH, water
temperature, total dissolved solids (TDS), dissolved oxygen, conductivity, nitrate, total phosphate, chloride, calcium, total
alkalinity and total hardness using the standard methods from June 2019 to March 2020 by collecting the samples
monthly from three stations. pH ranged from 10.37 to 7.67, TDS ranged between 610-129 ppm, Dissolved oxygen ranged
from 7.6 to 0.37 mg/I, conductivity ranged from 12600 to 234 uS/cm, total alkalinity ranged from 163-73 ppm of CaCOs3,
total hardness was found between 180.2-11.26 ppm of CaCOs, calcium ranged from 553.66 to 21.36 ppm, chloride was
found between 85.18 to 13.43 mg Cl/l, nitrate from 1545 to 0.013 ugm/I and phosphate ranged from 0.76 to 0.0021
ugm/1L WQI (water quality index) of this pond ( after pooling the data of all three stations) was found to be 86.73 which
indicates very poor quality of water.
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INTRODUCTION

Water, is a precious gift of nature to human being. Fresh water is most crucial part of environment and is
essential for the living being. But the total fresh water is only about 2.5% of all water of the earth that
makes it a scarce resource. Rapid industrialization along with speedy population growth has made
tremendous pressure on the demand of fresh water for the last few decades. The bird distribution is
affected by various factors like the food availability, size of wetland and the abiotic factors in the
wetlands. For understanding the metabolic events in aquatic ecosystem, study of various physico-
chemical parameters is very important as they influence each other; govern distribution and abundance
of fauna and flora.

The proposed research work is an attempt to study the different physico-chemical parameters of the
Guda Bishnoiyan pond, and assess its quality by calculating water quality index (WQI).

MATERIAL AND METHODS

Rajasthan is situated in North Western parts of India and is the largest state of India with area of 3,42,239
sq km between 23° 30’ and 30°11’ North latitude and 69°29’ & 78°17’ East longitude.

Jodhpur is 2nd largest city of state Rajasthan. It was named after its founder Rao Jodha and is also known
as Suncity. It is situated in western part of Rajasthan about 300 km away from the border with Pakistan,
covers 11.6% of total arid zone of Rajasthan. It lies between 26.28°N and 73.02° E, 231 m above sea level.
GudaBishnoiyan pond (Jodhpur) is about 25 km from Jodhpur and 2 km from GudaBishnoiyan village. The
pond (Fig 1) lies between latitude 262 08’ 09.8” N and longitude 732 06’ 13.8” E. This pond was declared
GudaBishnoiyan Conservation Reserve by forest department in 2011 and has an area of approximately
5.2 hectare.
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Physico-chemical parameter analysis

Water of this pond was analyzed for eleven physico-chemical parameters namely pH, water temperature
(at site using portable pH meter and thermometer), total dissolved solids (TDS), conductivity (by water
analysis kit Systronics model No 371), dissolved oxygen (Winkler method), nitrate (Mullen and Riley
method), phosphate (stannous chloride method Murphy and Riley), chloride(argentometric titration
method), calcium (flame emission photometric method), total alkalinity (titration method) and total
hardness ( EDTA titrimetric method) from June 2019 to March 2020 by collecting the samples monthly
from three stations namely A,B and C.

Calculation of water quality index

The calculated values were compared with standards recommended by the World Health Organization
(WHO) and Bureau of Indian Standards(BIS). The weighted arithmetic index method [1] was used for the
calculation of water quality index in the following steps-

Calculation of Sub Index of Quality Rating (q.):- The value of g, is calculated using the following
expression.

(n =100 [Vn'Vio)/[Sn'Vio)

Where: qn =quality rating for the nth water quality parameter.

V., =estimated value of the nth parameter at a given sampling station.

Sn = standard permissible value of the nth parameter.

Vio= ideal value of the nth parameter in pure water.

All the ideal values (Vi) were taken as zero for drinking water, except for pH=7.0 and dissolved
oxygen=14.6mg/L [2]

Calculation of Unit Weight (W,):-

Calculation of unit weight (W,) for various water quality parameters are inversely proportional to the
recommended standards for the corresponding parameters.

Wn=K/Shn

Where: W,= unit weight for the nth parameters.

Sn=standard value for the nt parameters.

K=constant for proportionality.

Calculation of water quality index:

The overall water quality index was calculated by aggregating the quality rating with the unit weight
linearly.

WQI=Z qan/Z W,

RESULTS AND DISCUSSION

Various physico-chemical parameters were analyzed for the surface water takingmonthly samples from
three stations namely A, B and C. Following results were observed:

Water temperature

Water temperature is an important limnological parameter which greatly influences the distribution of
autotrophs and heterotrophs in a pond ecosystem. Water temperature was found to be highest at all the
three stations being 32°C in August 2019, and was lowest in December 2019 being 18.9, 18.9 and 19.6°C
at station AB and C respectively (Fig 2).The ideal water temperature for biological activities of
microorganisms is 20-25°C. Boyd [4] reported the optimum range of water temperature between 25-32°C
for tropical climate of a fishpond. Rise in temperature speed up the biochemical reactions and reduce the
solubility of gases[5]. Due to the smaller size of the pond, quick reaction to atmospheric temperature
changes was noticed[6].Higher temperature in the summer was probably due to greater solar radiations,
longer day length, clear atmosphere, and comparatively low water levels.
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pH

pH was highest at all the three stations being 10.2,10.28, and 10.37 in December 2019 while lowest was
observed in June 2019 (7.67 station A), and in September 2019 (8.18 station B, 8.17 station C). pH was
alkaline throughout the study period at all the three stations. (Fig 2)The higher range of pH indicates
higher productivity of water [7]. The minimum pH in the summer can be attributed to low photosynthesis
due to the formation of carbonic acid [8]. Extremes in pH are stressful along with causing deadly effects to
aquatic organisms. Levels of pH too high (> 9) or too low (< 5) can kill aquatic life [9]. The higher values of
pH in winter season can be attributed to decreased temperature and high values of dissolved oxygen[10].
Dissolved oxygen

Dissolved oxygen was found to be highest at station A being 7.6 mg/1 (June 2019), at station B being 6.12
mg/1 (December 2019) and 7.42 mg/l(December 2019) at station C. It was lowest in July 2019 being
0.3712 mg/], 2.04 mg/1 and 11.64 mg/1 at station A,B and C respectively. (Fig 2)

The maximum dissolved oxygen was recorded during the winter (station B and station C). High values of
dissolved oxygen during winter seasons was due to low temperature and high photosynthetic activities
and low values of dissolved oxygen in July 2019 at all the three station was due to high temperature and
high rate of oxidation of organic matter. The variation of dissolved oxygen in water depends upon the
temperature of the water body, which influences the oxygen solubility in water[5]. Low dissolved oxygen
in the summer could be the function of higher water temperature and decomposition of organic matter
[11-13],decrease in oxygen holding capacity [14], increased day length and light intensity which after
acquiring the optimum values, start acting as limiting factor for photosynthesis and hence decreases
oxygen production. Dissolved oxygen is known to affect such attributes as growth, survival distribution,
behavior and physiology of aquatic organism [15].

Total Alkalinity

Total Alkalinity was found to be highest at station A being 149mg/1 (June 2019), at station B being
163mg/1 (December 2019) and 151mg/1 at station C (December 2019). It was lowest being 74mg/] at
station A(November 2019), 73mg/] at station B (September 2019), and 76mg/1 at station C (September
2019). (Fig 2)

“High alkalinity is a function of ion exchange that is calcium ions are replaced by sodium ions and later
contributed to alkalinity”’[16]. Higher values of alkalinity registered during summer might be due to the
presence of an excess of the free CO; product as a result of decomposition process coupled with the
mixing of domestic waste[17].Evaporation and decomposition of organic matter, photosynthesis,
denitrification etc. are the main factors for increasing alkalinity whereas nitrification, respiration etc. are
the main factors for decreasing alkalinity [18]. Low alkalinity during autumn may be due to dilution of
water [19]. A total alkalinity of > 20 mg/l is necessary for good community production [20]. The
“reservoir can be categorized as rich nutrient water body”[21] and highly productive [22].

Total Hardness

Total Hardness was high in October2019 at station A and station B being 150 and 180.2 mg/]
respectively. At station C it was high in November 2019 being 180.2 mg/1. Lowest values were observed
at all the three stations in June 2019 being 11.26, 18.02, and 18.77 mg/I1 at station A, B and C respectively.
(Fig 2)

The capacity of water to form precipitates with soap is measure of its hardness which is mainly due to the
metallic ions like Ca2* and Mg?+ although Fe?* and Sr2* are also responsible. The metals are usually
associated with HCOs3,, SO4%, Cl- and NO3-Although hardness of water cannot be referred as a pollution
parameter butit indicates about the quality of water. Waters are often categorized according to degrees of
hardness [23]. Higher values of hardness were observed during winter months which may be due to low
water level and high rate of decomposition, thus, concentrating the salts[23]. Aquatic ecosystems with
high hardness indicate eutrophication [24]. Sawyer [25] classified water on the basis of hardness into
three categories that is, soft (0.00 - 75 mgl1), moderately hard (75.00 - 150.00 mgl*) and hard (151.00 -
300.00 mgl1).According to this classification, GudaBishnoiyan pond(average total hardness of all the
three station clubbed is 90.24 mg/1 )falls in the category of moderately hard water body.

Nitrate

It was highest being 15.45pgm/1 and 4.62 pgm/1 in July 2019 at station A and station B respectively.At
station C it was highest being 6.25pgm/1 in June 2019.Nitrate was lowest being 0.2 ugm/1 and 0.15 pgm/1
at station A and station B respectively in February 2020. At station C it was lowest in September 2019
being 0.013 pgm/1 (Fig 3)

Most of the natural waters are deficient in nitrate and have a concentration usually below 5 mg/L, but
certain polluted surface water and ground water may have substantially higher quantities. The nitrate has
gained major significance because of its implication in infant methaemoglobinaemia [26], a diseases
characterized by bluish colouration of skin. In this disease, the normal hemoglobin is converted into met
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hemoglobin (methaemoglobin) due to conversion of some or all of the four iron species from the reduced
ferrous (Fe2*) state to the oxidized ferric (Fe3+) state, and thus loses its capacity to carry oxygen[26].

The concentration of nitrates is used as indication of level of micronutrients in water bodies and has
ability to support plant growth. Growth of phytoplankton is favored by high concentration of
nitrate.Eutrophication is usually the result of nitrate and phosphate contamination and is a significant
reduction of water quality [27].

The highest amount of nitrate was recorded during monsoon season (June -July 2019, 4.62 to 15.45
pugm/1) due to the possible influx of nitrogen rich water into the pond water from the nearby catchment
area areas.

Phosphate

Phosphate was found to be highest at station A being 0.76 pgm/], at station B being 0.342pgm/l, and
0.6697 pgm/1 at station C in month of July 2019.lowest phosphate was observed at station A in December
2019 (0.0031 pgm/1), at station B and station C in March 2020 (0.0021 and 0.0021 respectively) (Fig 3).
Phosphorus in natural waters & wastewaters is usually found in the form of phosphates (PO43
).Phosphorus is an essential nutrient for the plants and animals that make up the aquatic food web.
Phosphorus is an essential element for plant life, but excess amount of phosphorus in water accelerate
problem such as eutrophication [28,29].

The maximum values of phosphate were observed in rainy season and minimum in summer season
(except at station A when it was observed in December 2019). Abdar[30] also observed the higher
concentration of phosphorus during monsoon months and lower during summer months. The
concentration of phosphate decides the amount of algae and the later influences abundance of
zooplankton. According to Nagarajan and Thiyagesan[31] the level of phosphate in the water body might
affect the availability of prey and this determines the selection of habitat by winter water birds. Natural
decomposition of rocks and minerals, agricultural runoff, erosion and direct input by animals/ wildlife
are sources of phosphate contamination in water, while point sources are sewage effluents and industrial
discharges. The level of phosphate above the permissible limit might harm or damage organs like kidney
and might also causes osteoporosis [32]). Phosphorous is recognized as the limiting nutrient in most of
the water bodies. Hence, eutrophication and water quality require limiting the entry of the phosphorous
[33].

Chloride

It was highest at all three stations being 79.92 mg/], 82.79 mg/], and 85.18 mg/l in February 2020.
Lowest values were observed at station A and station B in July 2019 being 23.45 mg/l and 13.43 mg/]
respectively. At station C it was observed in June 2019 being 20.57 mg/1. (Fig 2)

Chloride is present in all natural water bodies, but its high concentration is an indication of pollution
coming from sewage, or industrial effluents. Chloride concentration is used as an important parameter for
the detection of contamination by sewage. It occurs as NaCl, MgCl, and CaCl; in natural water [34]. The
ecological significance of chloride lies in its potential to regulate salinity of water[35]. High chloride
content in the water during winter may be due to low volume of water in the reservoir [36].The higher
chloride concentrations indicate the presence of organic matter, presumably of animal origin [37],as
found in February 2020 at all three stations. The lowest values of chloride were observed during
monsoon season (June-July 2019) and can be connected to the dilution of lake by rain water.

Chlorides are antibiotic in nature and the presence of large amount of chloride is lethal to pathogenic
bacteria and chloride around 29 mg/l is considered to be favorable for freshwater community
[38].However, water becomes eutrophic due to the presence of chloride, phosphate, and nitrates. [39].
Calcium

Calcium was found highest at all three stations in June 2019 being 553.66 mg/1,534.2 mg/1 and 531.9
mg/] respectively. It was lowest at all three stations in October 2019 being 24.6 mg/], 22.21 mg/l and
21.36 mg/l respectively. (Fig 2)

It has no hazardous effects on human health, but high concentration is not desirable for washing and
bathing due to non-formation of lather.Jhingran[14] suggested that calcium is one among the most
abundant ions in freshwater and plays a pivotal role in shell construction, bone building and plant
precipitation. Calcium functions as an indication of pollution and eutrophication [40]. According to
Solanki [41] shrinkage of water volume increases the concentrations during summer as observed in
present investigation.

Total Dissolved Solids (TDS)

It was recorded highest in March 2019 (435 mg/1) at station A and in June 2019 being 610 mg/I(station
B) and 609 mg/] (station C). Lowest was recorded at station A in October 2019 (134 mg/1) in September
2019 at station B (129 mg/1) and in September 2019 station C (132 mg/1) (Fig 2).
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The TDS in water is due to the presence of Calcium, Magnesium, Sodium, Potassium, Bicarbonate,
Chloride and Sulphate ions[5]. Water at a TDS level of above 500 mg/I is unsuitable for flora and tastes
unpleasant to drink[42]. Excess amount of TDS may be due to the presence of higher rate of evaporation
during the summer season[43] and also by the increased amount of surface runoff [44].

Conductivity

Highest values were recorded at all three stations in June 2019 being 8820 uS/cm, 12600 pS/cm and
12600 pS/cm at station A, B and C respectively. Lowest conductivity was measured in December 2019 at
all three stations being 234 uS/cm, 237uS/cm, and 239 pS/cm at station A, B and C respectively (Fig 4)
Electrical conductivity (EC) is a useful tool to evaluate the purity of water [45], and is a measure of water
capacity to convey electric current. It signifies the amount of total dissolved salts [46].

It is dependent on concentration of ions and temperature of the water body. A total load of salts in a
water body is directly related to its conductivity [47]. Conductivity is also regarded as an indication of
freshness or otherwise of a water body [48,49]. It has been reported that high values of conductivity are
an indication of pollution [49].The BIS standard for electrical conductivity is 300 pmhos/cm. Garg [50]
classified conductivity value greater than 500 pmhos/cm as eutrophic.As the conductivity is directly
related to the presence of dissolve salts, its magnitude can give the fair idea of the level of dissolved
solids[51]. The highest electrical conductivity recorded during summer was 12600 uS/cm and lowest was
observed in winter being234 pS/cm.During summer, a high level of conductivity indicates the pollution
status as well as trophic levels of the aquatic body [52]. The mean value of conductivity (1711.3 pS/cm)
shows that the level is high. Conductivity levels below 50 pmhos/cm are regarded as low,it is regarded as
medium between 50-600 pmhos/cm while the values above 600 pmhos/cm are considered high
conductivity [53,54].

Water Quality Index (WQI)

Water Quality Index is calculated by combining multiple water-quality factors into a single number by
normalizing values to subjective rating curves. The WQI convert the complex scientific information of
these variables into a single dimensionless number. It is an easy way to make public understand the level
of pollution and can help in water quality management of any water body.

The average value of pH,calcium and conductivity (after clubbing data of station A, B and C) was more
than the standard values prescribed for these parameters, while values of dissolved oxygen, total
alkalinity, total hardness,nitrate, phosphate, chloride, total dissolved solids.(Table 2and Table 3).

The analysis of Guda Bishnoiyan pond, Jodhpur revealed that the WQI of the pond (calculated after
clubbing data of station A, B and C reveal the value of 86.73, (Table 4) which indicate the poor quality of
water and not suitable for drinking|[3]

Table 1: Water Quality Index (W.Q.1.) and status of water quality [3]

Water Quality Index value Water Quality Status
0-25 Excellent Water Quality
26-50 Good Water Quality
51-75 Poor Water Quality
76-100 Very Poor Water Quality
> 100 Unfit for drinking
Table 2: Parameter-wise W.H.O. / BIS standards
Sr.No Parameter WHO / BIS Standards
1 pH 7.0-8.5 (8.0)
2 Dissolved Oxygen ( mg/L ) 5.00
3 Total Alkalinity ( mg/L ) 120
4 Total Hardness ( mg/L ) 300
5 Nitrate (mg/1) 45
6 Phosphate (mg/1) 5
7 Chloride (mg/L) 200
8 Calcium (mg/L) 100
9 Total Dissolved Solids ( mg/L) 500
10 Conductivity ( uS/cm) 300
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Table 3: Average measured value of different parameters at three stations

Parameter Station A | StationB | StationC | Average
pH 8.82 9.0360 9.0630 8.9730
Dissolved Oxygen 3.86 4.5094 4.9360 4.4351
Total Alkalinity 102.5000 | 104.8000 | 104.1000 | 103.8000
Total Hardness 86.9500 | 94.9700 | 88.8000 | 90.2400
Nitrate 0.0028 0.0014 0.0016 0.0019
Phosphate 0.0001 0.00008 | 0.00018 0.0001
Chloride 44.1100 44.2160 42.4000 43.5753
Calcium 151.4300 | 148.7300 | 148.2780 | 149.4793
Total Dissolved Solids (TDS) | 220.7000 | 238.7000 | 239.5000 | 232.9666
Conductivity 1459.5 1834.4 1840.000 1711.3
Table 4: Calculation of Water quality index (WQI)
Parameter Measured Standard Ideal Unit factor Quality qn* Wy
value value value rating
Vn Sn Vio Wh Jn
pH 8.9730 8 7 0.2159 197.3000 42.6020
Dissolved Oxygen 4.4351 5 14.6 0.3455 105.8800 36.5794
Total Alkalinity 103.8000 120 0 0.0144 86.5000 1.2452
Total Hardness 90.2400 300 0 0.0058 30.0800 0.1732
Nitrate 0.0019 45 0 0.0384 0.0043 0.0002
Phosphate 0.0001 5 0 0.3455 0.0024 0.0008
Chloride 43.5753 200 0 0.0086 21.7870 0.1882
Calcium 149.4793 100 0 0.0173 149.4790 2.5821
Total Dissolved 232.9667 500 0 0.0035 46.5932 0.1610
Solids (TDS)
Conductivity 1711.3000 300 0 0.0058 570.4330 3.2846
EXWh= ZC]n*Wn =
1.001 86.8165
WQI=X gaWn/ 2 Wn =86.8165/1.001 =86.73

Average values of physico-chemical parameters recorded at Guda
Bishnoiyan pond, Jodhpur,during study period
(Except nitrate, phosphate and conductivity)

=
; 600.0
g B water temp
ﬁ éJ 500.0 IpH
= 2 4000 DO
o 2 m T.Alkalinit
£ T y
= & 300.0 B T.Hardness
3 = Chloride
% g 200.0 W calcium
> g mTDS
2o ol ) ol
§ 0.0 | i [ I I I [ II I I . I [ I [ I [ I II
Bt
g © 0 0 9 9 2 9 S H P

\\‘f\ W ?90" (,)eQ o* Ni‘\(?nth Qef’ \”o(\ (((;/O $\’b*

Fig 2. Average values of physico-chemical parameters recorded at GudaBishnoiyan pond, Jodhpur, during
study period (Except nitrate, phosphate and conductivity).
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Average values of Nitrate and phosphate at Guda Bishnoiyan

pond, Jodhpur, during study period
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Fig 3. Average values of Nitrate and phosphate at GudaBishnoiyan pond, Jodhpur, during study period.

Average values of conductivity at Guda Bishnoiyan
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Fig 4. Average values of conductivity at GudaBishnoiyan pond, Jodhpur, during study period.

CONCLUSION

Higher temperature was recorded in the Guda Bishnoiyan pond in summer due to greater solar
radiations, longer day length, clear atmosphere, and comparatively low water levels. pH was alkaline
throughout the study period at all the three stations. Dissolve oxygen was low in the pond being 5.68mg/1
on an average. Higher values of alkalinity were registered during summer which might be due to the
presence of an excess of free CO; product as a result of decomposition process, coupled with the mixing of
domestic waste. GudaBishnoiyan (average total hardness 90.24 mg/l1) falls in the category of moderately
hard water body. The highest amount of nitrate and phosphate were recorded during monsoon season.
The present investigation recorded chloride content to be 44.24 mg/l1, which indicate polluted status of
the water body. Shrinkage of water volume increases the concentrations during summer, which was
observed in the present investigation. Excess amount of total dissolved solids was recorded in summer
due to the presence of higher rate of evaporation. During summer, a high level of conductivity was
recorded, which points toward the pollution status of the pond. The water quality index (WQI) analysis of
the pond GudaBishnoiyan, revealed the value of 86.73, which indicate the poor quality of water, not
suitable for drinking.

GudaBishnoiyan pond is one such pond around Jodhpur which provides home to migratory birds like
Demoiselle crane (Anthropoidesvirgo) flocking in large number every year, staying here for about 4- 5
months. Survival of migratory birds depends upon the availability of food quality and quantity;
production of which is directly influenced by the physico-chemical characteristics of water. The present
study can be helpful in framing policies for developing the eco - tourism of this area.
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