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ABSTRACT: The present investigation reveals the seasonal changes in concentration of physico-chemical parameters in river Ganga at Allahabad. Water samples under
investigations were collected from the different sites viz: Phaphamau, Dashashumedh Ghat & Sangam of Allahabad during summer, monsoon & winter seasons in year 2013-14.
The physico-chemical parameter as Temperature, pH , Dissolved Oxygen (DO) , Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD) , Total alkalinity (TA) ,
Total Hardness (TH) , Total Dissolve Solids (T.D.S) , Turbidity & Chloride were used to analyse the pollution index of river Ganga at selected sites. A correlation matrix test was
carried out to check the significant relationship among the physico-chemical parameters (significance level 0.05). Water Quality Index (WQI) was also calculated for all three
sampling sites at Allahabad in three seasons. The results revealed that the water quality was severely polluted in monsoon and moderately polluted in winter season.
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l. INTRODUCTION

Water is one of the weirdest compounds and known for the elixir of life. Water has played an important role not only in the history of countries, but in religion, mythology, and art.
Water in many religions cleanses the soul through holy water. Rivers are the most important natural resource for human development but it is being polluted by indiscriminate
disposal of sewage, industrial waste and plethora of human activities, which affects its physico-chemical and microbiological quality. The potential cause of degradation of river
water quality due to various point and nonpoint sources. Increasing problem of deterioration of river water quality, it is necessary to monitoring of water quality to evaluate the
production capacity [8]. The major activities responsible for river pollution in Allahabad are due to sewage discharge, agriculture and industrial effluents mainly from Naini
industrial area, Phaphamau area and Phulpur fertilizers factory which directly discharges into the river. The existing Sewage Treatment plants (STP) at Gaughat and Rajapur are not
able to cope with the situation. [5]. WQI is widely used tool in different parts of the world to solve the problems of data management and to evaluate success and failures in
management strategies for improving water quality. In the present paper an attempt has been made to assess the physico-chemical properties with respect to water quality index
(WQI) in three seasons viz: summer, monsoon and winter during 2013-14 at three selected sites of Allahabad viz: Phaphamau, Dashashumedh Ghat and Sangam.
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1. MATERIAL AND METHODS

2.1 Study Area
Allahabad is one of the largest cities of North Indian state of Uttar Pradesh. It is spread across an area of 3,424 km? and lies between North latitudes 24°47 and 25°47  and East
longitudes 81°09 and 82°21" with total population of 62,36,447 as per 2001 census (density: 85 persons/ km?). Allahabad is considered a very sacred place as it is located where
rivers Ganges, Saraswati and Yamuna unite. Being the oldest Indian city, it has many temples and also plays an important role in Hindu scriptures.

Figure 1: Map of Uttar Pradesh showing Allahabad city and an enlarged view of Allahabad city showing study sites
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2.2 Sample collection

The water samples were collected from three sites viz: Phaphamau, Dashashumedh Ghat and Sangam for physico-chemical analysis during three seasons viz: summer, monsoon and
winter for the year 2013-2014. Parameters like temperature, pH and dissolved oxygen (DO) were estimated at the spot immediately after the collection of the samples whereas water
analysis relating to other chemical factors was done in the laboratory.

2.3 Physico-chemical analysis

The water samples were brought to the laboratory in ice boxes and subjected to the analysis of BOD (by incubating diluted samples at 25° C for 5 days in dark), COD (by
dichromate reflux method using a ferroin indicator), Alkalinity (estimated by titration with standard sulphuric acid using phenolphthalein and methyl orange as indicator) ,
Hardness (estimated by titration with EDTA solution using Erichrome black-T dye as indicator) , TDS (by Evaporation method), Turbidity (by Nephelometer) and Chloride (by
Mohr’s argentometric method using Potassium chromate as indicator)

2.4 Calculation of WQI

Water Quality Index (WQI) may be defined as the rating that reflects the composite influence of a number of water quality factors on the overall quality of water. It reduces the
large amount of water quality data to a single numerical value. It is one of the most effective ways to communicate information on water quality trends to policy makers, to shape
sound public policy and implement the water quality improvement programmes efficiently. [16]

Different water parameter were considered for calculation of water quality index [4] [7] [10] [11] [13] [14]

Water Quality Index (WQI) = Zqiwi

Where qi (water quality rating) = 100 X (Va-Vi) / (Vs-Vi),

When Va = actual value present in the water sample

Vi = ideal value (0 for all parameters except pH and DO which are 7.0 and 14.6 mg I-1 respectively).

Vs = standard value.

If quality rating qi =0 means complete absence of pollutants,

While 0 < gi < 100 implies that, the pollutants are within the prescribed standard.

When Qi> 100 implies that the pollutants are above the standards.

Wi (Unit weight) = K/Sn.
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Where K (constant) =
1/Vsl + 1/Vs2 + 1/Vs3 + 1/V4........ + 1/Vsn
Sn = ‘n’ number of standard values.
According to Sinha et al., (2004), the range of water quality index (WQI) is given in Table-1.

TABLE 1: Categories the water quality index (WQI) with range of pollution.

Category WOQI Range of Pollution

I <50 Slightly polluted
Il 51-80 Moderately polluted
II. 80-100 Excessively polluted
V. >100 Severely polluted

1. RESULT AND DISCUSSION

The physico-chemical characteristics of river Ganga at three sites viz: Phaphamau, Dashashumedh Ghat and Sangam are shown in table (2). During the investigation period
temperature varied from 17.5°C to 30.5°C. Sculthorpe (1967) has reported that pH, free CO, and NH; are more critical factors in the survival of aquatic plants and fishes than the
oxygen supply. The result shown that the pH values are alkaline in all three sites and are very close to permissible limits. Ganga water contained highest dissolved oxygen during
winter season, followed by a gradual decrease to its lowest values during monsoon season. The higher concentrations of DO was recorded during winter season mainly due to low
turbidity & increased photosynthetic activity of the green algae found on the submerged stones and pebbles [6]. The maximum DO 11.2 mg/l was recorded in winter season at
Sangam & minimum 7.86mg/l at Phaphamau during monsoon season. The BOD ranged from 4.37mg/l at Sangam to 7.75 mg/l at Phaphamau. The COD ranged from 19.74 mg/I at
Sangam to 85.4 mg/l at Phaphamau. Total Alkalinity (TA) ranged from 113.9 mg/l at Sangam to 147.6 mg/l at Phaphamau. The hardness of water is mainly governed by the content
of calcium and magnesium salt during the investigation. The hardness varied from 92.5 mg/l at Sangam to 125.2 mg/l at Phaphamau. Total Dissolved Solids (T.D.S) ranged from
184.8 mg/l at Sangam & 270.6 mg/l at Dashashumedh Ghat. The turbidity in the river Ganga was lowest during winter season. From summer onwards the water became turbid due
to rapid melting of snow & rains. The maximum turbidity 13.2 NTU was observed in monsoon season at Phaphamau & minimum 4.15 NTU was observed in winter season at site
Sangam. The chloride varied from 8.2 mg/l at Sangam to 21.36 mg/l at Phaphamau site. Water quality index (WQI) is the most effective way to communicate water quality. Water
quality index (WQI) = 0 means complete absence of pollutants. When 0< 100, indicates the water is under consideration & fit for human use and WQI > 100 reflects its unsuitability
for human use [3]. At Phaphamau, the minimum and maximum value of WQI observed as 90.91 and 214.99 in winter & monsoon season respectively, while at Dashashumedh site
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the minimum & maximum value of WQI observed as 75.29 & 128.03 in winter and monsoon season respectively. However in case of Sangam site, the minimum & maximum value
of WQI observed as 68.82 and 117.73 in winter & monsoon season respectively. Table (3) depicts the correlation matrix among various water quality parameters. It is revealed that

pH exhibited positive correlation with all parameters except DO ,whereas DO showed negative correlation with all parameters, thus it can be served as a single useful pollution index

of water quality, as with rise in the value of these parameters decreases the DO concentration.[9]

TABLE 2: Water quality index (WQI) with using specific physico-chemical parameters at three selected sites of Allahabad.

5N
Parameters Temp pH DO BOD cCoD TA TH T.D.5. Turbidity | Chloride
Seasons (°Cy (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (INTT) (mg/L) Water
Quality
Standard | 00| @ 6.5- 5.00 6.00 1000 | — 500.00 300.00 3.00 200.00 Index
( WHO) 85 (WQI)
wi | | — | — 02472 0206 0.1236 — | 0.00247 0.00247 02472 000618
(Unit Weight)
Summer 303 2438 g21 721 5017 13030 118.6 24890 756 18.81 140.78
Monsoon 2720 823 7.86 7.75 2540 147 .66 1252 26933 1520 2136 21499
1 Phaphaman Winter 18.5 213 10.6 3.84 2720 12830 [ 9332 2124 311 11.00 Q0912
Summer 238 242 g30 7.06 2521 1338 10390 2477 721 2.60 10722
Monsoon 22.00 228 833 7.70 2076 142.00 112.6 270.60 080 10.52 128.03
2 Dashashumedh | Winter 18.2 2.14 11 513 22.00 11990 [ 9082 139.6 4.26 7.90 7329
Ghat

Summer 243 248 5 6.51 2470 1305 1019 2328 592 220 07.82
Monsoon 216 822 698 2072 142.00 108.7 2503 822 10.50 117.73

3 Sangam
Winter 17.5 212 11.2 437 19.74 1139 02.5 1848 4.13 221 68.82
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Figure 2: Seasonal changes in concentration of taken physico-chemical parameters with respect to WQI of River Ganga at three sites of Allahabad.
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TABLE 3: Correlation matrix among the various physico-chemical parameters (significant level at 0.05)

Parameters

Temperature Turbidity

Temperature 1
pH
Do

BOD
CcoD
TA
TH
T.D.S
Turbidity
Chloride

V. CONCLUSION

From the above analysis, it can be concluded that the water quality of river Ganga at Allahabad during study period, revealed that the water is not suitable for drinking purposes.
Water quality index (WQI) showed Category (iv) in monsoon season and Category (ii) in winter because most of the parameters were within the norms in winter compared to other
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seasons. Its evaluation will not only be helpful to understand the seasonal quality of water but also has advantages for government agencies and institutions where regular water
quality data is required.
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