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Abstract— The self-purification ability of a resurgence
stream has been investigated by taking samples along the
course of a channeled tract made up of a first part at (3.3 km)
and a second at concrete (7.2 km). The study has been
conducted by statistically processing pre-existent data,
acquired monthly by analyzing waters at the beginning and at
the end of the whole river for 6 months, and by performing
specific experiments (recent data) to evaluate differently the
self-purification capacity of the river betwa. A significant
abatement of concentrations has been observed from
historicdata for ammonium, phosphates, turbidity, heavy
metals and bacteria. From the recent data, all these parameters
seem to decrease in the beaten soil tract. For other parameters,
e.g. pH, dissolved oxygen, chlorides, fluorides, sodium, and
sulfates, a significant increase was observed fromthe historic
data. Generalizations presented in this paper represent, in
systematized form, the basic elements of the qualitative
theory of water self-purification in freshwater ecosystems.
Recommendations are given for maintaining water quality
and sustainable development of water resources. Water
pollution caused by organic matter is a major global problem
which requires continuous evaluation. Multivariate statistical
analysis was applied to assess spatial and temporal changes
caused by natural and anthropogenic phenomena along Betwa
River. Cluster analysis (CA), principal component analysis
(PCA) and analysis of variance (ANOVA) were applied to a
data set collected throughout a period  of 6 months,
which monitored physical, chemical and biological
parameters. -Content of dissolved oxygen in water and
biochemical oxygen demand in a watercourse are indicators
of pollution caused by organic matter. The mean water
temperature of 23.6 °C at the time of this case study which
was one of the coldest periods in the year placed the DO
saturation pointat 8.58mg/L. At higher temperatures which at
times go above 30 °C, the DO at saturation is expected to be
lower than 8.58 mg/L. If we see the different parameters, the
pH value is decreasing as the mason is raining as the velocity
of the river increases. From all the 3 stations we found the pH
level is low at the 3rd station i.e. 7.015 in summer and 5.121
in rainy season. It means the river is becoming less acidic
when we move toward 1st to 3rd station. Apart from DO all
the values are getting decrease when we move toward 1st to
3rd station but DO value get increase more in rainy then
summer. All the values are given in table 1a. The k2 values
ranged from 0.11/day to 0.30/day. All the k2 values were
observed to be below 0.34/day, and the further details are
given in the table 1b. The f values range from 0.7 to 2.2.
Based on FAIR’S table of values for f = k2 / k1, the lower
value of 0.7 corresponds to the value for sluggish stream of
poor reaeration potential whereas the higher value of 2.2
shows flowing streams of normal velocity possessing
moderate reaeration potential. We observed that variation in
the depth, flow of the river addition of organic waste near
station C with f value 0.7 might havebeen the cause of

increase in deoxygenation rate, and the further details are
given in the table 1c.

Keywords: Self-Purification, Channeled Tract,
Quality, Organic Pollution, Low Reaeration Capacity

Water

. INTRODUCTION

Water is one of the abundantly available substances in nature.
It is nature’s greatestgift to mankind. It is an essential
constituent of all animal and vegetable matter andforms about
75% of the matter of earth’s crust. The entire history of
mankind couldbe written in terms of our need for water.
Water is distributed in nature in different forms, such as rain
water, river water, spring water and mineral water. Rainwater
isthe purest form of naturally occurring water There are even
predictions that,with thedoubling of the global population by
the middle of the next century and thesoaring demand for
water, a world water crisis will develop. In these
circumstances the world’s fresh water resources will become
even more precious than today and perhaps a source of
conflict in some of the globe’s 200 international river basins.
Atthe other hydrological extreme most parts of the worldsare
subjected to floods, withthe fall of death and destruction due
to floods being thelargest of any different typesof disaster.
Too much or too little water can set back the progress of a
developing country to words the sustainable development
espoused by the UN conference on environment and
development (UNCED) and its report. They can also hinder
developed countries in the per cutie of this goal. Of course,
water encapsulates the quite essential, dilemma development
of environment. Everyscheme to provide a better water
supply, to safeguard against flooding or to meet other human
needs, modified the hydrological cycle in some way. These
modifications alter the transport of materials about the earth
through the natural geochemical cycles and have an impact
on the various living organisms which depend on the aquatic
environment for their existence.

A proper assessment of water resources, there can be
no integrated river basin planning and management, while the
pursuits of sustainable development will remain a wild goose
chase. What is required is the governments, external support
agencies and international bodies embrace fully the holistic
approach to fresh water which they supported at the
international conference on water and the environment and at
UNCED.

A. Sources of water

The chief sources of water supply for industrial purposes are
ground water, surface water, sea water and rain water. Ground
water may come from springs, shallow wellsand from deep
wells. Surface water is flowing water (rivers, streams etc.)
and still water lakes, ponds etc.

The chief source of all water supply schemes at
present in rainfall. As time may pass,it may become necessary
to find out substitutes for rainfall as source of water.
Experiments have now been carried out for converting sea or
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ocean water and sewage effluents into potable or drinking
water. It is now also possible to create artificial rainfall in a
particular locality by spraying Agl or compressed C02 in
vaporized form or water bearing clouds.

All the water obtained as a result foraminal is not
available for further use because some of it is lost in
evaporation, percolation and transpiration. Evaporation
caused the loss of water from land and water surface back to
the atmosphere because of theheat of the sun. Percolation
causes loss water because of penetration or seepage of water
into the soil. Transpiration is the loss of water caused by the
leaves or growingvegetation. The water remaining on the
surface after all these losses is known as

Il. LITERATUREREVIEW

Laidia ZERKAOUI (ALGERIA, 2018) reported that, in order
to alleviate the water shortage observed in rural areas, Algeria
has resorted to the use of treated wastewater from lagooning
stations. The approach to the management of domestic
wastewater is all the more interesting because it is part of an
environmental context for the collection, treatment and
recycling of treated water for agricultural purposes.This is
lagooning as a purification process. The question is whether
it meetsenvironmental and health requirements. The present
work aims to monitor and analyze the purification
performance of six sewage treatment plants located in the
region of Mascara (West Algeria) namely: Ghriss,
Bouhannifia, Hacine, Mohammadia, Tizi and Froha, to
examine the reliability of this wastewater treatmentsystem in
accordance with universal standards. We notice that
purification performances are low and variable and remain
dependent on the season for nitrates (NO3 —), ammonium
(NH4 +) and phosphorus.

P. Mahammed Rafi (India 2018) discussed that,
Hussain sagar lake, a historical lake which was built in 1562
by Hussain Shaw Wali is situated in the heart of Hyderabad
city, India. Earlier up to 1930's, it was the major water source
to meet drinking and irrigation requirements for both twin
cities of Hyderabad and Secunderabad. Now this lake turned
to virtual garbage bin with no adequate treatment for
wastewater loads originated from point and non-point
sources. Therefore, the lake loses the capability of self-
purification system which was an important factor that
depends on the maximum uptake of oxygen from the
atmosphere. Multiple projects were undertaken by the
concerned authorities for the improvement of Hussain Sagar
Lake and its catchment area. Recently with referringto the
Lake health status, in 2006, HMDA, a governing body set up
by Andhra Pradesh Government, initiated “Hussain Sagar
Lake and Catchment Arealmprovement project” and set up
STPs and wastewater interception and diversion structures. It
also installed fountains to aerate the lake to improve its water
quality as well as to add beauty. But these measures are lying
ineffective to manage wastewater loads. This paper discusses
that the Hussain Sagar Lake water body overdecades, has been
polluted adversely from discharging of organic and inorganic
pollutants through open drains as well as point and non-point
sources and also presents various measures had taken to
rejuvenate Hussain Sagar Lake to its past glory.

Veena B Kushwaha (Gorakhpur 2017) reported that,
dissolved oxygen, biochemical oxygen demand (BOD) and
hydrological parameters of water samples from the river
Rapti were estimated to determine its deoxygenation and
reaeration rate coefficients in order to ascertain its natural
self-purification potential. Deoxygenation rate of 0.15 /day
was obtained indicating swift depletion of oxygen in the
stream probably due to addition of organic waste due to
anthropogenic activities whereas values of 0.11/day to
0.34/day were obtained as reaeration coefficients. These
values suggest deep and slow-moving streams. The measured
DO values indicate high dissolved oxygen concentration in
the river at station A,B, C, D and E. FAIR’s number (f value
= k2/k1), the river is under reaeration predominance but
deoxygenation rate dominates in the areas where organic
waste isdirectly added to the river. However, the dissolved
oxygen profile indicates that afterflowing for about 10 to 13
Kms it can reattain its optimum DO level provided thereis no
further addition of organic waste into it. Hence, an effort
should be made to discourage the addition of the organic
waste to the surface water bodies and give a chance to the
rivers to for self-purification.

Karthiga Devi M (India 2017) reported that,
Environmental degradation occurs when pollutants are
directly or indirectly discharged in to the water bodies
without adequate treatment. The main indicator to predict the
rivers healthiest self- purification capacity. As there has been
a steady deterioration in the water quality ofIndian River, the
rivers gradually start losing its self-purification levels for the
study, we have chosen Bhavani River of length 215 km
supplies 90 percent of its water to agricultural irrigation. The
river is continuously polluted due to increase in illegal
discharge of waste water effluents from dyeing industries into
the river. A stretch of one kilometer was taken for assessment
of important parameters and finally self-purification capacity
was determined from oxygen sag curves.

Minakshi Bora (India 2016) discussed that, the
Kolong River of Nagaon district, Assam has been facing
serious degradation leading to its current moribund condition
due to a drastic human intervention in the form of an
embankment put across it nearits take-off point from the
Brahmaputra River in the year 1964. The blockage of theriver
flow was adopted as a flood control measure to protect its
riparian areas, especially the Nagaon town, from flood
hazard. The river, once a blooming distributary of the mighty
Brahmaputra, had high navigability and rich riparian
biodiversity with a well-established agriculturally productive
watershed. However, the present status of Kolong River is
highly wretched as a consequence of the post-dam effects thus
leaving it as stagnant pools of polluted water with negligible
socio-economic and ecological value. The Central Pollution
Control Board, in one of its report has placed the Kolong
River among 275 most polluted rivers of India. Thus, this
study is conducted to analyze the seasonal water quality
status of the Kolong River in terms of water quality index
(WQI). The WQI scores shows very poor to unsuitable
quality of water samples in almost all the seven sampling sites
along theKolong River. The water quality is found to be most
deteriorated during monsoon season with an average WQI
value of 122.47 as compared to pre-monsoon and post
monsoon season having average WQI value of 85.73 and

All rights reserved by www.ijsrd.com 119



Self-Purification of River Betwa
(1JSRD/Vol. 9/1ssue 08/2021/028)

80.75, respectively. Out of the seven sampling sites,
Hatimura site (S1) and Nagaon Town site (S4) are observed
to be the most polluted sites.

Sunil J. Kulkarni (India 2016) reported that, the
organic matter content of wastewater is expressed as chemical
oxygen demand and biological oxygen demand.The dissolved
oxygen content of water is important for survival of aquatic
life. Thedisposal of high organic waste into rivers, lakes and
seashore affects the fishes, otheraquatic animals and plants.
The dissolved oxygen content of water is measure of thewater
quality. Various factors affecting dissolve oxygen of water
includes temperature, the respiration rate of aquatic life, the
contaminants in water and waterflow. Various investigators
have carried out research to study factors affecting dissolved
oxygen and effect of dissolved oxygen variation on aquatic
life. The present review summarizes research carried out on
dissolved oxygen and its effect on aquatic life and also factors
affecting dissolved oxygen content of water.

Saba Hasan (India 2015) reported that, Ganga is
considered sacred by people for providing life-sustenance to
environment and ecology. But, Ganga, which is the national
river of India, now is depleted in flow and polluted due to
discharge of untreated municipal and industrial wastes, dams
and barrages, floral offerings, cremation of dead bodies onits
bank. The Ganga Action Plan has served as a remedy to
deterioration of River Ganga. The present review highlights
that, despite the problems of operation and maintenance, the
river-water quality shows discernible

I1l. METHODOLOGY
A. Flow Chart
Study of various literature from journals,

thesis and reports regarding self-purification
process

Identification of problem

Objective

Select the Site & identification and selection
of different station for collection of water
sample. Examine Samples In laboratory.

Compare the test results of

B. Study of various literature from journals, thesis and
reports regarding self-purification process.

Various Research papers approximately 80 were find out
from the SCI Journals which is related with self-purification
process accordingly 30 research paper were selected for this
work. Literature review has been discussed in the chapter
No.02.

C. Identification of problem.

After the study of various journals and research papers, it is
found that no one workson self-purification process of river
Betwa so | decided woks on river Betwa whichis nearby
Vidisha city. Water supply of vidisha is depends on Betwa
river and it is important to know self-purification potential of
river.

D. Obijective.

Main object of my thesis is to know Self-purification
potential of river Betwa at Vidisha, Madhya Pradesh, India.
The self-purification process of river Betwa is a complex
process that often involves physical process, chemical
process, and biological process working simultaneously, so
in this work the above-mentioned parameters examined in the
laboratory.

E. Select the Site & identification and selection of different
station for collection of water sample and mark on Google
earth.

Proper selection of sampling stations is important factor and
plays significant role. Of course, the choice basically depends
on the condition and objectives of the work.Selection of the
sampling points was done so as to cover the entire study area
and togive a representative picture.
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Co-ordinates

Station

Latitude Longitude
Station A 23°29'54.56"N 77°47'32.68"E
Station B 23°30'53.83"N T7°47'22.62"E
Station C 23°31'43.65"N 77°46'33.25"E

Fig. 3.1: Study Area
Water samples were collected from three different
stations of river Betwa that covered a distance of 7.5 Kms
downstream. The stations were 2.5 kilometers apart from
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each other. On the bank of the river washing of clothes,
addition of domestic waste etc. could be observed as normal
human activity. The samples were collectedfrom just below
the surface in plastic bottles. Temperature of the samples at
time ofcollection was recorded and while transportation of
samples to the laboratory all necessary precautions were
taken. In the laboratory again the temperature of the samples
was recorded and within three hours the samples were
analyzed.

Thirty to thirty-two BOD bottles were filled; two
were used to determine dissolvedoxygen and rest were placed
in BOD incubator for timely assessment of dissolved oxygen
by Winkler’s method (APHA 1976). Two bottles at the end
of1,2,3,4,5,7,9, 11, 13, 15, and 20 days were estimated
for dissolved oxygen in order to determine deoxygenation
coefficient [(rate) k1]. The hydrological parameters depthand
velocity of the flow of all the sampling stations were ensured
to determine reaeration coefficient [(rate) k2] of the river, as
reaeration rate of the rivers dependson the condition of the
river. The hydrologicalparameters water depth, mean flow
depth, stream velocity, mean velocity at mean flow depth was
measured using a graduated pole at three points along each
cross section. There were variations in depth across the
channel as determined from the pole and the river velocity
was determined using a float. The time taken for the floatto
move from one point to another was recorded. This technique

provided the flow rate of the stream. The deoxygenation rate
coefficient k1, reaeration rate coefficient k2, and FAIR’s
number (f = k2/k1) was the self- purification parametersused
in the study. By definition of k1 and k2, thevalue of f
expresses the degree of predominance of reaeration over
deoxygenation. The k2 values were computed for all the river
stations using two different methods (equations) developed
by Churchil and others.
1.673

0.769
k2=5.026V  /H 1)

1.67
k2=5.23V/H (2)
where H is mean flow depth (m) and V is mean stream
velocity (m/s)

IV. RESULT AND DISCUSSION

A. Dissolved oxygen

Dissolved oxygen profile along the river ondifferent seasonsand
atdifferent stations isgiven in table 1. Highamount of dissolved
oxygen at some stations suggests high atmospheric reaeration
or presence of some other source of oxygen in the river. A
decreasing trend in the amount of dissolved oxygen from
station A to station C indicates depletion of oxygen probably
due to the addition of organic matter into the river.

Various profile along the river at different station

Fig. 1.1: PH Profile

Parameter Station 1 Station 2 Station 3 Acceptable
Summer | Rainy | Summer | Rainy | Summer | Rainy
pH 7.458 | 6.238 | 7.987 | 5873 | 7.015 |5.121 6.6108.5
DO 8.8 9.6 3.5 5.9 6.9 8.1 5 mg/l
TDS 315 267 288 197 225 172 500 (mg/l)
BOD 72 57 42 32 30 23 3 to 5 ppm
Conductivity 543 397 496 352 388 282 | 200 to 800 pS/cm
Hardness 211.2 | 189.3 | 270.6 | 167.7 | 2475 | 1423 300 (mg/1)
Nitrate 6.462 | 5.732 | 5364 | 4831 | 4.925 | 3.532 (10 mg/l)
Table 1A:
DO
8.2
8 ¢
7.8
7.6 1
7 ® PH Level
"': A m Station 1
6.8
6.6
6.4 +
Station 1 Station 2 Station 3 Fig. 12- DO Profile
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DS

Fig. 1.3: TDS Profile

BOD

Fig. 1.4: BOD Profile

B. Deoxygenation Rate

The deoxygenation rate constant was computed from BOD
test data and thecorresponding curves, using Thomas (1950)
curve fitting technique. The Deoxygenation coefficient, k1
(0.15/day) suggest waste of domestic sewage being added to
the river. It gave the value of 0.17/day at a temperature of 20°
C, as the deoxygenation rate coefficient for domestic sewage.
The measured laboratory temperature for the BOD test was
20° C, and the higher value is very close to 0.17/day
characteristic of domestic sewage as given by it. The k1
values depict swift depletion of oxygen in the river.

C. Reaeration Rate

The reaeration coefficient, k2, determined using two different
methods developed by Churchil et al (1962) are shown in
table 2. The formulae for the two methods aregiven as
equation (1) and (2). Reaeration coefficient, k2, varies from
one station to another, and also with the method used in its
calculation. In view of the fact that water velocity and depth
are the two major factors that control the degree of reaeration,
it is expected that its coefficient varies from one station to
another. The k2 values ranged from 0.11/day to 0.30/day. All
the k2 values were observed to be below 0.34/day. This
indicates deep and slow-moving river. This is in line with the
observed water velocity and depth as measured with a
graduated pole.

Mean Mean k2 values
Station | Velocity | Depth
(mis) m) (per Day)
Equation 1 | Equation2
A 0.55 4.2 0.34 0.30
B 0.56 4.1 0.25 0.22
C 0.48 3.9 0.14 0.11
Table 1B:

D. FAIR’S Number

Based on the definitions of k1 and k2, and FAIR’S number (f=
k2/ k1), f values lessthan 1.0 depict predominance of
deoxygenation over reaeration whereas values greater than
1.0 depict predominance of reaeration over deoxygenation.
Hence, it isexpected that at f value of 1.0, the rate of
reaeration equals that of deoxygenation. Table 3 shows the f
value for different stations. It is apparent from the table that
except in station C, reaeration predominates at all the stations.
Reaeration rate decreases downstream from station A and
equals deoxygenation reaction at near station B (3.8Kms).
Deoxygenation rate begins to increase from this point and
peaksat station C where the domestic waste was getting
mixed into the river. In the downstream direction, the stream
begins to recover from pollution problemand thisis where
FAIR’S number equals 1.0 after the peak of deoxygenation.
The f values range from 0.7 to 2.2. Based on FAIR’S table of
values for f = k2 / k1 , the lower value of 0.7 corresponds to
the value for sluggish stream of poor reaeration potential
whereas the higher value of 2.2 shows flowing streams of
normal velocitypossessing moderate reaeration potential. We
observed that variation in the depth, flow of the river addition
of organic waste near station C with fvalue 0.7 might havebeen
the cause of increase in deoxygenation rate.

FAIR’S number (f= k2/ k1)

Station | k2 of equation 1 | k2 of equation 2
A 2.2 2.1
B 1.6 1.4
C 0.9 0.7
Table 1c:

V. CONCLUSIONS

River betwa has a natural but limited capacity to purify itself
from the numerous pollutants entering it mainly as an end
result of human activities which include industrial effluent
disposal, domestic wastes and economic activities. This
capacity for auto-purification is enhanced through an
unobstructed flow velocity downstreamof the river channel.
However, the limitations of the potential for natural self-
purification processes of this river are occasioned by
relatively high ambient and water temperatures. The mean
water temperature of 23.6 °C at the time of this case study
which was one of the coldest periods in the year placed the DO
saturation pointat 8.58mg/L. At higher temperatures which at
times go above 30 °C, the DO at saturation is expected to be
lower than 8.58 mg/L. This situation is further compounded
when wastes that are high in BOD are released into the water
body. These wastes quickly deplete the DO level of the river
further. The industrial effluentbeing discharged into the river
at its upstream section is highly acidic. This may be
responsible for the low presence of biodiversity in the river.
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Also, thisacidic effluentcould kill off all the micro-organisms
that are responsible for breaking down the organic wastes in
the river. The plots of the measured DO suggest that the river
auto-purification processes are being interrupted at frequent
interval by point and non- point source pollutants. Some of
the activities being carried out on betwa can be described as
plain environmental abuse.

If we see the different parameters, the pH value is
decreasing as the mason is raining as the velocity of the river
increases. From all the 3 stations we found the pH level is low
at the 3" station i.e. 7.015 in summer and 5.121 in rainy
season. It means the river is becoming less acidic when we
move toward 1%t to 3" station.

Apart from DO all the values are getting decrease
when we move toward 1%t to 3" station but DO value get
increase more in rainy then summer. All the values are
given in table 1a.

The k2 values ranged from 0.11/day to 0.30/day.
All the k2 values were observedto be below 0.34/day, and
the further details are given in the table 1b.

The f values range from 0.7 to 2.2. Based on FAIR’S
table of values for f = k2 / ki1, the lower value of 0.7
corresponds to the value for sluggish stream of poor
reaeration potential whereas the higher value of 2.2 shows
flowing streams of normal velocity possessing moderate
reaeration potential. We observed that variation in the depth,
flow of the river addition of organic waste near station C withf
value 0.7 might have been the cause of increase in
deoxygenation rate, and the further details are given in the
table 1c.
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