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Abstract
In the present study the water quality of Ganga River was assessed during Maha Kumbh-2010. River water samples were
collected from five sites. Various Physico-Chemical and microbiological parameters were analysed. It was observed that
all parameters were within the permissible limit according to WHO (2009) and BIS (2004) except most probable number
that is the indication of low sanitary condition and it can further lead to the outbreak of diseases. During this mass
bathing two sites were found to be more affected than the other three sites. These were noted to Har-ki-pauri and
Mayapur ghat at Haridwar, at these sites parameters are observed to be slightly raised in comparison to other three sites.
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Introduction

Water is the most precise thing in this world, which
we can not live without. Water is super abundant on
the planet as a whole, but fresh potable water is not
always available at the right time or the right place
for human or ecosystem use. The water being an
important part of environment occurs as solid,
liquid and gas forms on the earth. As a liquid, it
forms hydrosphere, which covers approximately
three-fourth of the earth's surface. About 97% of
the total available water on earth is saline, and
hardly 3% is fresh. A small portion of this fresh
water fulfills the fresh water requirements of human
beings (Sharma, 2006). Rivers play a significant
role in fulfilling the fresh water requirements in the
world. In spite of their wide-ranging role, presently
rivers are under severe threat due to various

anthropogenic pressures (Singh et al. 2007).
Humans frequently exert rapid, large scale
influence on their immediate environment,

including modification of water courses, pollution,
hunting and fishing (Ehrlich et al. 1973). Biologists
consider pollution as a change in aquatic
environment which brings about a reduction in the
diversity of aquatic life and eventually destroy the
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balance of life in a stream. So far as our country is
concerned, plight of surface water is not hidden.
Last Maha Kumbh mela in Haridwar was held in
1998. Three other places where Kumbh appears
time to time are Nashik, Ujjain, and Allahabad.
Maha Kumbh mela 2010 was the first of the
century and the first at Haridwar after the creation
of the Uttarakhand state (Source: Times of India
26-07-10).

Bathing Days: The main bathing dates at the
Haridwar Kumbh were: January 14th 2010- Makar
Sakranti, January 15th — Mouni Amavasya, (Solar
eclipse), January 20th- Basant Panchami, January
30th-Magh Poornima, February 12th—Mahashivratri
(First Sahi snan), March 15th—-Somwati Amavasya
(Second  Sahi  snan), March  16th-Nav
Samvatharambh Snan. March 24th— Ramnavmi
Snan, March 30th —Chaitra Poornima Snan (Third
Sahi snan), April 13th-Baishakhi, April 14th —
Mesh Sakranti (Fourth Sahi snan) (Source: The
Tribune 15-01-10).

Material and Methods

During this study period various physico-chemical
and microbiological parameters of river Ganges
were studied. The water samples were collected
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from five sites “Triveni ghat”, “Pashulok barrage”,
“Dhudhiya Dam”, “Har-ki-Pauri” and “Mayapur”.
First site, that is Triveni ghat is situated in the city
Rishikesh, second site, Pashulok barrage is located
5 Km Southward from the first one. Third site,
Dhudhiya Dam is 17-18 Km far from the second
site. Har-ki-Pauri the fourth site is approximately 1-
2 Km distant from the third site. This site has the
maximum anthropogenic activities happening
throughout the year. There is a distance of 2 Km in
between fourth and fifth site, later one is Mayapur.
All these five sites are located in Haridwar-
Rishikesh region. This region is situated in the
western part of Uttarakhand state of India. Its
latitude and longitude are 29°58” to 30" 7° 0’ degree
north and 78713” to 78 19’02 degree east
respectively. The height from the sea level is 249.7
mt. The parameters which were analysed during
course of study includes temperature (°C), turbidity
(N.T.U), total dissolved solids (mg/l) total
suspended solids (mg/l), total solids (mg/l), pH,
conductivity (siemens/cm), free CO, (mg/l),
alkalinity (mg/l), dissolved oxygen(mg/l), chemical
oxygen demand COD (mg/l), biochemical oxygen
demand BOD (mg/l), most probable number
(MPN). The physico-chemical and microbiological
parameters were determined according to
procedures outlined in Trivedi and Goel (1986),
APHA (1998), Khanna and Bhutiani (2008).

Results and Discussion

The mean values of all the physico-chemical and
microbiological parameters obtained during course
of study are shown in the table number 1.
Whenever the values of any parameter go beyond
the permissible limit it adversely affects the aquatic
ecosystem and organism by making other
corresponding parameters fluctuate up to a fatal
level. Thus increasing pollution causes ecological
balance of the system to spoil. As water
temperature increases, the rate of chemical
reactions generally increases together The
minimum value of temperature during Kumbh
Mela was noted to be 17.11+2.09 °C at site 4" and
the maximum value of temperature was noted to be
17.38+2.20°C at site 3rd. Average value was found
to be 17.26+£2.16 °C during whole study period.
Turbidity in water is caused by suspended and

colloidal matter such as clay, silt, finely divided
organic and inorganic matter and plankton and
other microscopic organisms. During Kumbh Mela
the minimum value of turbidity was noted to be.
8.45 + 4.13 NTU at I* site and the maximum value
of Turbidity was noted to be 10.00£3.71 NTU at
site 4th. Average value of turbidity was found to be
9.32+3.68 NTU. Bhatt et al. (1984) reported the
similar trend in the river Kosi. Turbidity was found
to be more than permissible limit at few sites that is
5 NTU according to BIS (2004). High turbidity can
leads to decrease photosynthetic activities and
dissolved oxygen affecting the aquatic organism.
The minimum value of total solids during Kumbh
Mela was noted to be 169.40+24.00 mg/l at site 2nd
and the maximum value of total solids was noted to
be 191.16+22.74 mg/| at site 5. Average value was
found to be 182.87+10.70 mg/l. (Semwal et al.
2006) found the same pattern while working on
the rivers of Uttarakhand. In natural waters, the
major contributors to total dissolved solids are
carbonate, bicarbonate, chloride, sulfate, phosphate,
and nitrate salts. The minimum value of total
dissolved solids during Kumbh Mela was noted to
be 30.03 mg/l at 2™ site and the maximum value of
total dissolved solids was noted to be 44.45 mg/l at
site. Average value of total dissolved solids was
found to be 39.174£9.51 mg/l which was well within
permissible limit (500 mg/l). More or less similar
results were observed by Khanna and Bhutiani
(2006) in River Suswa. The minimum value of total
suspended solids during Kumbh Mela was noted to
be 138.57+22.34 mg/l at site 1st and the maximum
value of total suspended solids was noted to be
147.88+28.77 mg/l at site 3rd. Average value was
found to be 143.85+11.32 mg/l. Khanna and
Bhutiani (2003) noted the similar trend in river
Ganges at Haridwar. During Kumbh Mela the
minimum observed value of pH was noted to be
7.42+0.12 at site 1st and the maximum value was
noted to be 7.58+0.14 at site 2nd. Average value of
pH was found to be 7.53+0.09, it was well within
the permissible limit (6.5-9.2) according to WHO
(2009). Deshmukh et al. (1964) in Kanhan River
and Badola (1981) in Alaknanada River noted the
matching results. Alkalinity in waters is beneficial
because it minimizes pH changes, reduces the
toxicity of many metals by forming complexes with
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them and provides nutrient carbon for aquatic
plants. It is mostly taken as an indication of the
concentration of carbonate, bicarbonate and
hydroxide, but may include contributions from

Alkalinity during Maha Kumbh was observed to be
121.09+£15.82 mg/l at site 4th and the maximum
value of Alkalinity was noted to be 125.54+20.23
mg/l at site 2nd.

borate, phosphates, the minimum value of

Tabel 1: Showing values of various water quality parameters during Kumbh mela 2010

ampling Sampling Sampling Sampling Sampling Sampling Average+SD
sites site 1st site 2nd site 3rd site 4th site 5th
Parameters
;ecr;‘perat”re 17.19+2.23 17.25+2.13 17.38+2.20 17.11+2.09 17.3622.33 17.26+2.16
(T,\LI”Tb'L‘j')'ty 8.45+4.13 9.00+3.43 9.90+4.82 10.0043.71 9.27+3.92 9.30+3.68
TDS (mgll) 37.01+16.18 30.03+12.26 41.79+14.82 42.56214.34 44.45+13.19 39.1729.51
TSS (mg/l) 13857+22.34 | 139.37+21.08 | 147.88+28.77 | 146.75+20.34 | 146.70+18.47 | 143.85+11.329
TS (mg/l) 17550+24.14 | 169.40£24.00 | 189.67+27.54 | 188.57+24.02 | 191.16+22.74 | 182.87+10.70
Conductivity 182.03+27.18 | 177.05+3353 | 179.07+31.68 | 179.21#16.19 | 178.81+17.60 | 179.24+19.58
(siemens/Cm)
pH 7.4220.12 7.5820.14 7.55+0.16 7.57+0.16 7.55+0.13 7.530.09
Free CO, (mg/l) 2.75+1.19 3.49+0.91 3.70+1.39 2.9820.99 3.44+0.89 3.27+0.83
Alkalinity (mg/l) | 124.81+21.60 | 12554+20.23 | 121.90+15.94 | 121.09+15.82 | 124.00#21.76 | 123.47+15.88
DO (mg/l) 9.3620.94 9.740.73 9.49+1.00 9.60+1.07 9.48+1.07 9.53+0.87
BOD (mg/l) 1.6720.87 1.62+0.68 1.700.78 1.8620.81 1.90+0.64 1.750.31
COD (mg/l) 6.72+2.24 7.09+2.07 6.36+1.96 6.722.24 5.81+1.40 6.54+1.28
(Tn‘:g;‘:)hard”ess 131.24+26.97 | 131.46%19.78 | 1241442058 | 130.94+33.91 | 128.70+23.34 | 129.30+21.20
Chloride (mg/l) 33.12+6.10 33.40%6.11 32.25+7.65 32.87%7.79 31.80+6.46 32.68+6.18
Fluoride (mg/l) 0.10+0.01 0.110.01 0.09+0.01 0.09+0.01 0.100.01 0.10+0.00
Nitrate (ppm) 0.079+0.0250 | 0.052#0.0231 | 0.055x0.02049 | 0.09+0.0690 0.070.0261 0.070.0274
?phpﬁ)’hate 0.07+0.0317 0.06£0.0206 | 0.06£0.01857 | 0.07+0.0261 0.05£0.0203 0.06£0.0172
Sulphate (ppm) | 2151%2.0907 | 20.26x2.9563 | 20.79+2.71044 | 23.54+2.3786 | 20.77+2.1041 | 21.37+1.9541
MPN/100 ml 1163.63+478.06 | 1181.81+501.63 | 114545+550.20 | 1363.63+651.57 | 1272.72+596.80 | 1225.45+530.96

Average value was found to be 123.47+15.88 mg/I.
Same observation were also made by Holden and
Green (1960) and Venkateswarlu and Jayanti
(1968). During Kumbh Mela the minimum value of
dissolved oxygen was noted to be 9.36+0.94 mg/l at
site 1st and the maximum value was observed to be
9.74+0.73 mg/l at site 2nd. Average value of
dissolved oxygen was found to be 9.53+£0.87 mg/I it
was far more than the minimum permissible limit
(6.00 mg/l). Semwal et al. (2006) worked on the
rivers of Uttaranchal and found dissolved oxygen in
between 9.53 mg/l and 0.87 mg/l. The minimum
observed value of biochemical oxygen demand
during Maha Kumbh was noted to be 1.62+0.68
mg/l at site 2nd and the maximum value was found
to be 1.90+0.64 mg/l at site 5th. Average value of
biochemical oxygen demand was observed to be

permissible limit according to BIS (2004). During
Maha Kumbh the minimum observed value of
Chemical oxygen demand was noted to be
5.81+£1.40 mg/l at site 5th and the maximum value
of chemical oxygen demand was found to be
7.09£2.07 mg/l at site 2nd. Average value was
observed to be 6.54+1.28 mg/l. Singh et al. (2006)
while working on river Ganges concluded the same
thing.Abdo (2005) reported almost equivalent
trend. The minimum value of total hardness was
noticed to be 124.14+20.58 mg/l at site 3" during
Kumbh Mela and the maximum value was noted to
be 131.46 + 19.78 mg/l at site first site. Average
value of total hardness was found to be
129.30+21.20 mg/l. During Kumbh Mela the
minimum value of Chloride was found to be
31.80+6.46 mg/l at site 5th and the maximum value

1.75+0.31 mg/l, far lesser than the maximum was noted to be 33.40+6.11 mg/l at site 2nd.
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Average value of Chloride was found to be
32.68+6.18 mg/l which was far lesser than the
maximum permissible limit (250 mg/l) according to
WHO (2009). (Khanna et al. 2007) found average
value of Chloride around 7.39 mg/l in the river
Ganges. Mishra and Saxena, (1984) while working
on Kshipra River and Sengar et al (1985) working
on river Yamuna reached to the similar results.
During Kumbh Mela the minimum value of
fluoride was noted to be 0.09+0.01 mg/l at site 4"
and 5™ and the maximum value was noted to be
0.11+0.01 mg/l at site 2nd. Average value of
Fluoride was found to be 0.10+0.00 mg/l which is
far lesser than the maximum permissible limit for
fluoride according to WHO (2009). During Kumbh
Mela the minimum observed values of ions (nitrate,
phosphate and sulphate) were noted to be
0.07+0.02, 0.05+0.02 and 20.26+2.95 ppm at fifth,
fifth and second sites respectively and the
maximum values were noted to be 0.09+0.06,
0.074£0.03 and 23.54+2.37 ppm at fourth, first and
fourth sites respectively. Average value of these
ions during Kumbh Mela were found to be
0.07+0.02, 0.06+£0.01 and 21.37£1.95 ppm. All
these three ions were observed well within the
permissible limits according to WHO (2009) for
these above mentioned ions.It is customary to
report results of the coliform test by the multiple-
tube fermentation procedure as a Most Probable
Number (MPN) index. This is an index of the
number of bacteria. Faecal contamination of water
is routinely detected by microbiological analysis.
The minimum observed value of most probable
number during Kumbh Mela was noted to be
1145.45£550.20 MPN/100ml at site and the
maximum value was noted to be 1363.63+651.57
MPN/100ml at site. Average value of most
probable number (MPN) was found to be
1225.45+£530.96 MPN/100ml; it was far beyond the
minimum permissible limit (50 MPN/100ml).

Conclusion

The present study is aimed to assess the water
quality during the Maha Kumbh, 2010 at the five
located stations. The physico-chemical,
microbiological characteristics during this Maha
Kumbh were analysed. It has been revealed that
Mass bathing exerts some spoiling effects on the

water quality but it is constrained to few
parameters, namely total solids, total suspended
solids, hardness, dissolved oxygen and chemical
oxygen demand etc. These above mentioned
parameters were observed to be slightly increased
during the Bathing days. Other parameters are also
disturbed temporarily but that too negligible. The
average values of all the parameters were found to
be in the permissible limit during whole occasion
except microbial parameters. So it can be
concluded that this Mass bathing has not an
alarming effect on the water quality of river Ganges
but it should be considered seriously so far as
microbiological parameters and disesase outbreak is
concerened. Finally it can be concluded that during
this mass bathing two sites were found to be more
affected than the other three sites. These were noted
to Har-ki-pauri and Mayapur ghat at Haridwar, at
these sites parameters are observed to be slightly
raised in comparison to other three sites. The main
reason behind this is huge influx of all sorts of
waste and organic matter during the holy occasion
at these vary sites as these are the sites where
mainly bathing and other customs were performed.
Regular monitoring at times should be performed
and appropriate mitigation measures and sanitation
strategies must be practically implemented.
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