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Abstract: Water pollution is an acute problem in all major
rivers of India. Rivers are heavily polluted due to the industrial,
municipal, agricultural and domestic effluents. Over the years
rivers have been indiscriminately polluted and misused. The
anthropogenic activities have posed serious environmental
problems which threaten human life and conservation of
biodiversity. The present study deals with the water quality of
the Ganga River at Patna. The water samples were collected
from different sites ( site |- Danapur, site Il- Mandiri, site IlI-
Kali Ghat, site IV- NIT Ghat ) of Ganga River at Patna during
the rainy season (August to September), 2017. Analysis of
water quality was done by determining pH, TDS (Total
Dissolved Solid), Conductivity, DO (Dissolved Oxygen) and
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BOD (Biological Oxygen Demand). The minimum pH, TDS and
BOD were recorded at site | (Danapur) and minimum
conductivity at site Il (Mandiri), minimum DO was recorded at
site Il (Kali Ghat). The maximum pH, DO and BOD were
recorded at site 1l (Mandiri) and maximum TDS and
conductivity recorded at site lll (KaliGhat).

The water quality of site Il was poor as compared to site |, site
Il and site IV. The high value of BOD and DO suggests that
the purification may be necessary for domestic consumption.

Keywords: Biological Oxygen Demand (BOD), Dissolved
Oxygen(DO), Total Dissolved Solid (TDS).

Introduction:

Water pollution is a global problem that does not
respect national boundaries. The source of pollution
may be domestic, agricultural or industrial. Water
pollution is an acute problem in all major rivers of India.
The small and large areas which fall in the way of the
river, dump their waste in the river (Banerjee et al.,
2016).

Gangais the 13" largest river in the world, covering
an area of 8,61,404 km? (Rehman, 2009). Its origin is in
the western Himalaya ranges in the state of
Uttarakhand. This river has also significant historical
value. The river Ganga passes through Uttarakhand,
Uttar Pradesh, Bihar, and West Bengal. The river
supports abundant biological width, characterized by
rich fisheries and faunal diversity. Due to copious
availability of water throughout the year, it has a major
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role in the growth of Indian civilization. The Ganga is the
largest basin in India, constituting 26 percent of the
country’s landmass supporting 43 percent of its
population. The Ganga Basin is heavily populated with
an average density 520 person/km?. The Ganga passes
along 29 class | cities, 23 class |l cities and
approximately 50 towns because of which different
types of waste, such as, industrial, sewage, etc, are
released into the river (Agrawal et al., 2010 ; Biswas et
al., 2015). All along this heavily populated stretch, fresh
water intake from the river is increasing, but in
exchange only waste is returned . Pollution threatens not
only humans, but also more than 130 fish species, 83
amphibian species and the endangered Ganga River
Dolphin.

Ganga River water is used routinely for drinking
and outdoor bathing by millions of people who take a
holy dip at least once a year throughout the course of the
river from Gangotri to Ganga Sagar, owing to its socio-
religious significance (Rehanaetal., 1996).

Research and assessment is necessary to
formulate up-to-date policy about management of
physico-chemical properties of river water to
demonstrate change in water quality by combining the
representative water quality characteristic of River
Ganga as well as intended use of water and sanitation
approach for better quality water.

Materials and Methods:

Study area: The present study was confined to the
surrounding area of site | (Danapur), site Il (Mandiri),
site lll (Kali Ghat) and site IV (NIT Ghat) of Patna, where
a huge mass of devotees take holy dip, local people too
perform bathing, washing of clothes and discharge of
local wastes are done throughout the year.

Collection of samples: Water samples were
collected during the monsoon season from August to
September, 2017, from selected sites of the Ganga.
The sampling was done between 1:00 pm and 6:00 pm.
The surface water was collected from each site in plastic
containers (500 ml). For Dissolved Oxygen (DO) the
water samples were collected in BOD bottles (250 ml).
Manganese sulphate and Alkali iodide azide were
added in BOD bottles at the site of sampling. All the
collected samples were stored in an ice box and taken to
the laboratory for determination of pH, Total Dissolved
Solids (TDS) and conductivity.

Three samples were collected from each site. DO
content of water samples were measured by Modified
Winkler’s method. This method is a titrimetric procedure
based on Oxidizing property of Oxygen dissolved in
water. The average values of three consecutive readings
of water sample were taken for determination of DO. For
the estimation of BOD of water samples average value
of initial and final DO contents of water samples were
determined just after collection of sample and after 5
days' incubation at 20°C in BOD incubator, respectively.
TDS was measured by TDS meter and pH was
measured by pH meter. Conductivity was measured by
Conductivity meter.

Results and Discussion:

The quality of river water is determined by physical
and chemical constituents. The contamination level in
water bodies changes according to season and
concentration of pollutants in water. The samples only
indicate the condition at the time of sampling.

Table 1. The study results at various sites of Patna

Parameters Standards | Sitel [Sitell |Sitelll | SitelV | SD
Ph 7.0-85 | 831 | 895 | 857 | 850 | 0.23
TDS(mg/l) 500 91.4 | 152 153 142 | 25.31
Conductivity(us/cm) - 285 | 1434 | 289 256 |873.04
DO (mg/l) 5.0 8.2 9.2 6.3 7.0 | 1.11
(DO),(mg/l) - 2.8 2.6 1.2 02 | 1.06
BOD (mg/l) 6.0 27 33 28 31 | 2.38

pH: The maximum pH recorded at site 1l (Mandiri)
was 8.95 and minimum at site | (Danapur) was 8.31
(Table -1).The slightly higher pH were recorded in all
sites during rainy season. The slightly alkaline pH of
water during rainy season was attributed due to leaching
of rock material. (Tiwari et al., 2016) reported that the
mean pH values were 8.2 at Kanpur, 7.6 at Allahabad
and 7.7 at Varanasi. The pH values were recorded 8.8,
8.2, 8.5 during summer, monsoon and winter,
respectively, at Allahabad. The pH values were recorded
8.2, 7.7, 7.9 during summer, monsoon and winter,
respectively, at Varanasi. The pH values were recorded
8.2, 7.7, 8.0 during summer, monsoon and winter at
Kanpur. Rai et al., (2011)reported pH ranges from 8.1 to
8.4 in pre-monsoon and 7.3 to 8.2 in post-monsoon at
site | (Pahalwan Ghat and Bans Ghat) and at site Il
(Krishna Ghat and Gandhi Ghat ) pH ranges from 8.4 to
8.7 in pre-monsoon and 6.8 to 7.3 in post-monsoon.
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Karetal., (2008) reported average value of pH 7.80 from
lower stretch of Ganga River at Kolkata. The pH value of
the Ganga River falls between slightly acidic to slightly
alkaline and has relationship with accumulation of heavy
metal in river water as well as sediments.

Total Dissolved Solids: The average value of
Total Dissolved Solids recorded was 134.6mg/l. The
maximum TDS was recorded from site Il (Kali Ghat)
was 153 mg/l and minimum from site | (Danapur) was
91.4 mg/l (Table -1).

Tiwari et al., (2016) reported that the mean TDS
values were 403.33 + 141.20 mg/l at Kanpur, 398.67 +
141.14 mg/l at Allahabad and 405.33 + 20.1 mg/l at
Varanasi. The TDS values were recorded as 412,540,
258 mg during the seasons of summer, monsoon and
winter, respectively, at Kanpur. The TDS values were
recorded as 406, 536, 254mg/l during summer,
monsoon and winter at Allahabad. The TDS values
were recorded as 406, 425, 254 mg/I during summer,
monsoon and winter at Varanasi. Rai et al., (2011)
reported that the TDS value ranges from 817-943 mg/lin
pre-monsoon and 615 -672 mg/l in post-monsoon at site
| (Pahalwan Ghat and Bans Ghat) and at site Il (Krishna
Ghat and Gandhi Ghat ) TDS value ranges from
947 — 976 mg/l in pre monsoon and 598 — 621 mg/l in
post monsoon. This was attributed to soil erosion in the
nearby catchment area and massive contribution of
suspended solids from domestic effluents or local
sewage.

Conductivity: The maximum conductivity
recorded from site Il (Kali Ghat) was 289 us/cm and
minimum conductivity recorded from site 1l (Mandiri)
was 143.4 ys/cm (Table1).

Tiwari et al.,, (2016) reported that the mean
Conductivity values were 512.67 + 126.12 mhos/cm at
Kanpur, 505.00 + 120.16 mhos/cm at Allahabad and
674.33+ 20.1 mhos/cm at Varanasi. The Conductivity
values recorded were 628, 378, 532 mhos/cm during
summer, monsoon and winter, respectively, at Kanpur.
The Conductivity values recorded were 612, 375, 528
mhos/cm during summer, monsoon and winter at
Allahabad. The Conductivity values recorded were 695,
640, 688 mhos/cm during summer, monsoon and winter
atVaranasi Chandra etal.,(2011)reported 222 mg/I from
the Ganga River at Kashi and 215 mg/l in Gomti River at
Lucknow (Rai et al., 2011) reported Conductivity ranges
from 431— 453 pmho/cm in pre monsoon and 416 — 427
pmho/cm in post monsoon at site | (Pahalwan Ghat and
Bans Ghat). And at site Il (Krishna Ghat and Gandhi

Ghat) Conductivity ranges from 505 — 532 pmho/cm in
pre-monsoon and 497 — 514 pmho/cm in post-
monsoon.

Dissolved Oxygen: The maximum DO recorded
from site Il (Mandiri) was 9.2mg/l and minimum at site Il
(Kali Ghat) was 6.3mg/I.

Tiwari et al.,( 2016) reported that the mean DO
values were 3.93 +0.90 mg/l at Kanpur, 5.00 = 1 mg/l at
Allahabad and 4.17 +0.76mg/l at Varanasi. The DO
values recorded were 4,3,4.8 mg/l during summer,
monsoon and winter, respectively, at Kanpur. The DO
values recorded were 5, 4, 6 mg/lduring summer,
monsoon and winter at Allahabad. The DO values
recorded were 4,3.3, 5mg/l during summer, monsoon
and winter at Varanasi [Rai et al.,(2011)] reported DO
ranges from 7.1 — 7.5 mg/l in pre-monsoon and 7.7 — 8.8
mg/lin post-monsoon at site | (Pahalwan Ghat and Bans
Ghat) and at site Il (Krishna Ghat and Gandhi Ghat ) DO
ranges from 6.8 — 7.2 mg/l in pre-monsoonand 7.2 -7.7
mg/lin post-monsoon.

Biological Oxygen Demand (BOD): The
maximum BOD value recorded from site Il (Mandiri) was
33mg/l and minimum recorded at site I(Danapur) was
27mgl/l.

Tiwari et al.,( 2016) reported that the mean BOD
values were 38.67 + 8.33 mg/l at Kanpur, 34.00+ 11.14
mg/l at Allahabad and 31.00 + 6.56 mg/l at Varanasi. The
BOD values recorded were 36, 48, 42 mg/l during
summer, monsoon and winter, respectively, at Kanpur.
The BOD values were recorded 36, 44, 22 mg/l during
summer, monsoon and winter at Allahabad. The BOD
value were recorded 30, 38, 25 mg/I during summer,
monsoon and winter at Varanasi. Singh (2010) observed
that the BOD ranged from 66.2 + 3.4 t0 87.5 + 2.9 mg/l at
Rajghat (Varanasi) while Rai et al.,(2010 )reported BOD
range was from 97 + 41 mg/l to 265 + 78 mg/l in the year
2005 from same site. Chavan et al.,(2006) reported
3.9mg/I BOD from the Ganga River at Kashiand 2.1 mg/I
at Lucknow in Gomti River. Rai et al.,(2011) reported
thatthe BOD ranges from 6.1 —6.6 mg/lin pre-monsoon
and 4.7 — 4.9 mg/l in post-monsoon at site | (Pahalwan
Ghat and Bans Ghat) and at site Il (Krishna Ghat and
Gandhi Ghat) BOD ranges from 5.8 — 6.3 mg/l in pre-
monsoon and 5.2—5.7 mg/lin post monsoon. According
to recent estimate of Central Pollution Control Board
(CPCB), Seth (2013) fecal coliform, an indicator of
pathogenic contamination, is well above the stipulated
level considered safe for bathing in the main stem (2,525
km from Gangotri to Diamond Harbour). But there are
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worrying signs as increasing trends are recorded in
Rudraprayag and Devprayag and suggesting untreated
sewage discharge reduces flow in these highly
oxygenated stretches for dilution.

Before launching GAP (Ganga Action Plan) the DO
value was recorded well over 4mg/l and ranged between
6.8-7.2in most stretches.

According to 2009 status, as per CPCB data, the
Biological Oxygen Demand (BOD), a key parameter to
gauge organic pollution, is well beyond safe limits for
bathing downstream of Haridwar, Kannauj and Kanpur
after receiving the flush of the city of Varanasi. In the 25
years of monitoring water quality, the station
downstream of Kanpur has recorded the highest value
in the basin. Butin all stretches a trend has emerged that
pollution load steadily increases.

The CPCB assessment of 2012 makes public the
fact that sewage accounts for 85% of all waste water, the
rest being industrial waste.

Conclusion:

The findings of the present study revealed that pH
values during the rainy season were higher. The pH of
water at site 1l (Mandiri) had highest pH, signifying that
the water of site Il is more alkaline than other sites.

The TDS was recorded highest at site 11l (Kali Ghat)
of all sites, but they are under permissible limits of
drinking water quality standards. The high value of
dissolved oxygen and BOD recorded from site Il
(Mandiri) shows that water of Mandiri is more polluted
than other sites of the Ganga. The high value suggests
that purification is necessary for domestic consumption.
A proper monitoring will pave the need for development
of conservation strategies to clean the Ganga water and
thereby minimize the impact of water borne diseases in
humans.
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