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CHAPTER-1

INTRODUCTION

1.1 Basic Concept

Water is one of the essential natural resource which is found around 75% in
ocean comprises 97.4 % and the remaining in form of ice-caps and glacier, fresh
water compartments of the hydrosphere. The largest portion of the Earth’s freshwater
is bound in ice or occurs as deep groundwater. The freshwater available for human
uses is shallow groundwater and water in rivers, lakes, manmade reservoirs, and
streams- about 4.6 million km?® or 12% of the freshwater in the hydrosphere (Boyd,
2015). Water is essential for all forms of life and makes up to 50 to 97% by weight in

plants and animals and about 70% human body.

The water (rain, river, sea and ground water) is one of the major components
of environmental resources that is under threat either from over exploitation or
pollution, exacerbated by human activities on the earth’s surface (Efe, 2002). Water
Is the most abundant natural resource and is an essential requirement of human and
industrial development (Das and Acharya, 2003). Due to rapid growth of human
population and the accelerated pace of industrialization in the last few decades, there
has been a tremendous increase in the demand for fresh water (Ramakrishnaiah et al.,
2009). Fresh water resources are used by humans for various purposes such as
drinking, bathing and sanitation. In addition to these, people also depend on water
resources for agriculture, commercial enterprises, mining, recreation, navigation and
thermoelectric and hydroelectric power. Since ancient time, water availability and
use have been implicit drivers for civilization. At a global scale, fresh water

resources have become the fastest depleting natural resource now-a-days.
1.2. Water quality

The water quality is generally defined in terms of its physical, chemical and

biological attributes (Ketata Mouna et al., 2011).
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Water quality assessment is an essential process in the development of water
resources. Water quality may be defined in terms of specific characteristics of water
usually physical, chemical and biological (including bacteriological) that are
important with regards to a certain services (Tchobanoglous and Schroeder, 1987)

and human health is at risk if values exceed acceptable limits (Tahera et al., 2016).
1.3. Rivers

Although river constitutes only 0.0002% of the earth’s total water, it is one of
the most important sources of fresh water available for our various uses (Gleick,
1996). Rivers are classified as a major, medium and minor depending upon the basin
area. There are 14 major river systems in India such as Brahmaputra, Ganga,
Brahmani, Cauvery, Godavari, Indus, Krishna, Mahanadi, Mahi, Narmada, Pennar,
Sabarmati, Subernrekha and Tapti. These major systems share between them 83% of
the drainage basin and account for 85% of the surface flow in the country. There are
44 medium and 55 minor rivers which normally originate in the coastal mountains
and are monsoon-fed and fast flowing (Trivedy, 1988). Rivers play an important role
in assimilation or carrying off municipal and industrial wastewater and runoff from

agricultural land.

With the rapid development in agriculture, mining, urbanization, and
industrialization activities, contamination of river water with hazardous waste and
wastewater is becoming a common phenomenon (Prasanna and Ranjan, 2010). The
past studies on water quality of a large number of rivers depict that the entity of
majority river is under threat due to increased degree of pollution. The reports
showed that the intensity of pollutants is markedly high in some rivers like Yamuna,
Okhla, Ganga and Mahanadi (Dwivedi and Dwivedi, 2010). The National
Environmental Engineering Research Institute (NEERI) at Nagpur argued that nearly
70% of available water in India is polluted and unfit for human-use.

1.4 Water Resources of Northeast India

The north eastern region of India consists of eight states namely, Arunachal

Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim and Tripura. The
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North Eastern states cover a total area of 2,62,179 sq km which accounts for 7.9% of

the country’s total geographical area.

North-east India has a bounty of accessible freshwater sources in the form of
various rivers, streams, lakes, swamps, marshes, etc., with Brahmaputra river along
with its numerous tributaries bifurcating the whole area. The surface water resources
availability in the region amounting to 653 billion cubic meters (BCM) that accounts
for 34% of the country's total surface water resources potential. Out of this, the
Brahmaputra basin in NER alone has a potential of 573 BCM (87.8% of NER) the
highest in the country, while the corresponding figure for the Barak basin is 48 BCM
(7.4% of NER). Arunachal Pradesh has an average run-off of 350 BCM (53.6% of
the region) which is the highest followed by Assam with 211 BCM (32.3% of NER)
and Mizoram with 31 BCM (4.7 % of NER). The North-east region also has the
distinction of having the highest hydro-power potential of 31, 857 MW out of the
total of 84,044 MW of the country, which is about 37% of the nation (Brahmaputra
Board, 2000).

1.5 Water Resources of Mizoram

Mizoram is under the influence of southwest monsoon and receives heavy
rainfall during the months of May to September. Rainfall replenishes both Ground
and Surface water. The surface water is found distributed in numerous streams and
rivers flowing through the hilly terrain of the State which is the chief source of water
for the people since underground water is not easily accessible due to hilly terrain.
The climatic disturbances in the Bay of Bengal has a profound influence on the
intensity of rainfall received. Heavy rains start in the month of June and continue up
to August (RRC, 2019).

The surface water resources of the State include streams, rivers, lakes, ponds,
wetlands, marshes and manmade reservoirs. All the rivers in Mizoram are monsoon
fed and attain maximum volume in the monsoon and post monsoon seasons. A total
of 21 rivers along with their tributaries exist across the State. There are total of15

major rivers in Mizoram, out of which Tuivawl, Tuivai, Tuirini, Tlawng, Tut and



Teirei flow northward and ultimately confluence with Barak river of Mizoram valley.

Mat, Tuichang, Khawchhaktuipui, Tiau and Chhimtuipui (Kolodyne) flow towards

south. The remaining rivers namely Tuichawng, De and Khawthlangtuipui flow to

the west. Most of the rivers in Mizoram originate in the central part of the state and

flow either northerly or southerly creating deep gorges between the N-S trending hill

ranges. The drainage system in Mizoram comprises of three drainages namely, Barak

(Ganga Brahmaputra basin), Karnaphuli and Kolodyne basin (RRC, 2019). Based on

physiography, the Institute of Resource Development and Social Management have

worked out a total of 22 well defined watersheds (Rao et al., 1994).

Table 1.1: Major watersheds in Mizoram.

No. Catchments Watersf;ed Length of gf:\i(;{?#nm Total number of
area(km?) watershed (km) streams
(meters)
1 | Langkaih 394.6478 46.6329 2463 131
2 | Teirei 678.2833 71.7235 2463 249
3| Tut 836.29 98.3367 1200 3724
4 | Tlawng 1701.45 157.3802 1536 7025
5 | Serlui 647.1796 60.6507 3813 326
6 | Tuichhuahen 260.7131 31.68 3622 76
7 | Tuirial+Tuirini 1795.2799 107.4585 1400 709
8 | Tuivai+Tuivawl 2309.7767 105.6844 2000 744
9 | Mat 963.9056 102.6432 1423 342
10 | Tuipui 879.3337 66.9081 1897 215
11 | Tuichang 1600.9972 90.478 1854 500
12 | Ngenpui 711.7893 59.051 1556 144
13 | Tuilianpui 1270.032 97.06752 990 523
Sazuklui(Bara
14 Harina Chhara) 115.6117 33.7075 513 38
15 | Khawthlangtuipui 149.0178 18.7545 6.6 30
16 | Kau+Deh 977.1802 54.489 1387 354
17 | Tuichawng 1275.8204 109.7395 1106 272
18 | Kawrpui 356.2095 76.032 720 84
19 | Chhimtuipui 2740.5582 137.6179 2158 629
20 | Tiau 875.2657 87.9436 1962 212
21 | Sakeilui 255.8567 41.8176 770 58
22 | Salalui+Tinglo 289.8996 28.6387 600 68

Source: Rao et al. (1994).




1.4. Water Quality Index

The WQI provides a single number that expresses the overall water quality at
certain location, based on several water quality parameters (Yogendra and Puttaiah,
2008). The water quality index (WQI) is considered as one of the simplest methods
that is used for assessing the overall water quality. Water Quality Index (WQI) is a
useful and efficient method to assess the suitability of water quality. It is also serves
as a useful tool for communicating the information on overall quality of water to the
concerned citizens and policy makers (Asadi et al., 2007; Buchanan and Triantafilis,
2009).

The WQI allows the reduction of vast amounts of data obtained from a range
of physico-chemical and biological parameters to a single number in a simple
reproducible manner. In fact, the WQI has been used for the assessment of water
quality of many water bodies around the world (EI-Sherbini and EI-Moattassem,
1994; Mohanta and Patra, 2000; Bordalo et al., 2006; Dwivedi and Pathak, 2007;
Kannel, 2007; Simoes et al., 2008; Ramakrishnaiah et al., 2009 and Abdul Hameed
et al., 2010). Changes in water quality is recorded by water quality index in a
particular river over a period of time following a set of standards and also allow
comparison to be made at different locations of the river (Stoner, 1978). The
WQI developed in the early 1970’°s can be used to monitor water quality changes in a
particular water supply over time, or it can be used to compare a water supply quality
with other water supplies in the region or from around the world. Water quality and
its suitability for drinking purpose can be examined by determining its quality index.

The WQI is a set of standards that is used to measure changes in water quality
in a particular river reach over time and make comparisons from different reaches of
a river. It also allows for comparisons to be made between different rivers. This
index allows for a general analysis of water quality on many levels that affect a

stream’s ability to host life.



1.5 Macrophytes

Agquatic macrophytes are significant photosynthetic organisms of freshwater
habitat which can be easily seen with the naked eye, normally found growing in or
on the surface of water, or where soils are flooded or saturated long enough.
Macrophytes are considered as important component of the aquatic ecosystem not
only as a food source for aquatic invertebrates, but also act as an efficient
accumulator of heavy metals (Devlin, 1967; Chung and Jeng, 1974). Their
characteristics to accumulate heavy metals make them an interesting research objects
for testing and modelling ecological theories on evolution and plant succession, as
well as on nutrient and metal cycling (Forstner and Whittman, 1979). Aquatic plants
interact with and influence the hydrological, geomorphological and physico-chemical
environments and interact with a wide range of other organisms, from microbes to
vertebrate (O’ Hare et al., 2018).

The study of plant community structure is called plant sociology or
phytosociology. This study is important to understanding the functioning of
community. The study of plant community implies knowledge of structure and
composition of the component species (Singh and Singh, 2010). Various research
work has been done on pollution parameters and biodiversity of lakes, rivers, ponds
and their marginal wetlands (Kumar, 1991; Ambasht and Srivastava, 1997; Gupta,
2001; Tripathi, 2002; Kapoor, 2004). Mishra and Tripathi (2004) studied distribution
of aquatic macrophytes in some water bodies of Varanasi, India. Pandey et al.,
(1989) studied macrophytes of Ghagra belt in Gonda district. Aquatic macrophytes
are vulnerable to alternation in the aquatic body which can be attributed to factors
like acidification by atmospheric deposition, eutrophication, development of
hydropower projects and habitat destruction (Arts, 2002)

The bio-monitoring is the latest emerging tool for instant and accurate
monitoring of water quality and not only acts as a supplement for physico-chemical
and bacteriological characteristics, but also provides precious information about the
overall health of a water body (Mishra, 2008). Aquatic macrophytes have been used
as bio-indicator of pollution as they respond to the changes in water quality (Tripathi



and Shukla, 1991). They are frequently used to reduce different kinds of pollutants
from polluted water (Tripathi, 1992). Aquatic macrophytes are extensively used as a
long-term indicator for water quality or habitat characteristics. As they deliberately
respond to any alteration in the nutrient content of any aquatic body (Melzer, 1999),
the presence, absence or abundance of aquatic macrophytes reflect the nutrient status
of the immediate surrounding or habitat (Mitsch and Gosselink, 2000; Cronk and
Fennessy, 2001). Based on the kind of sampled organisms, it may be performed in
two ways: i) “"endemic" or native organisms (passive biomonitoring) and ii)
introduced organisms (active biomonitoring) (Chaphekar, 1991).

From available literature, it is revealed that water resources have been
explored at desired pace, and water quality of various aquatic bodies/underground
reserves have been extensively studied at a large. But, there is paucity of information
with respect to north east India in general and Mizoram in particular. Thus, the
present study is aimed to assess impact of pollutants on water quality of Serlui-A
river and distribution of aquatic macrophytes (weeds). This is well known fact that
plants growing in aquatic body especially macrophytes, are best indicator of
pollution and they act as a bio-monitor of pollution. Moreover, aquatic weeds
(macrophytes) harvest significant amount of unwanted foreign substances from
water/ wastewater (Mishra and Tripathi, 2004).

Objectives
1. To study the water quality of Serlui-A river at selected sites.
2. To study distribution of aquatic macrophytes along Serlui-A river at selected
sites.
3. To assess impact of pollutants on water quality and distribution of aquatic

macrophytes in Serlui-A river.



CHAPTER-2

REVIEW OF LITERATURE

2.1 International

Gleick (1993) studied and explained various resources of water at global
level. In his studies Falkenmark (1993) suggested the importance of pure water and
its importance in the near future. The problem of water pollution was first recognized
by Hippocrates in 450 B.C and has suggested filtration and boiling as remedial
measures (Borchardt and Walton, 1971).

On a global scale, assessment of water quality has been carried out by Koshy
and Nayar , 1999; Stark et al., 2001; Fytianos , 2002; Tassaduge et al., 2003; Igbal
et al., 2004; Ali et al., 2004; Fafioye et al., 2005; Abdo, 2005; Abel-Satar and
Amaal, 2005, Gasim et al., 2007; Kamal et al., 2007; Atta et al., 2008; Hasanzadeh,
2008; Dulo, 2008; Asrari et al., 2008; Jalal et al., 2009; Hacioglu and Dulger, 2009;
Toufeek and Korium, 2009; Chitmanat and Traichaiyaporn, 2010; Hoque et al.,
2012; Dimowo, 2013; Okweye, 2013; Abdulwahid, 2013; Fella, 2013; Mbalassa et
al., 2014; Aris et al., 2014 ; Al-Obadiy et al., 2015; Moyel and Hussain, 2015,
Ghimire, 2016; Otieno et al., 2017; Abbas and Hassam, 2017; Lim et al., 2017,
Tawati et al., 2018.

Daniel et al., (2002) investigated the effects of urban sewage on the dissolved

oxygen (02), dissolved inorganic (DIC) and organic carbon (DOC), and electrical

conductivity (EC) in 10 small streams of the Piracicaba river basin, southeast region
of Brazil and these streams were classified into two groups, one with heavy influence
of urban sewage and another with less influence. The study revealed that in the
polluted streams, concentrations of dissolved carbon forms and EC were higher and
O2 concentration lower during the low water period, while in the less polluted
streams seasonal variations in concentrations were small. Milovanovic (2007)
conducted water quality assessment and determination of pollution sources along the
Axios/Vardar river, South-eastern Europe and found that the water quality was
8



affected by human activities resulting from industrial, agricultural and domestic
activities. Adekunle and Eniola (2008) assessed the water quality of Asa river within
an industrial estate in Ilorin, Nigeria and revealed that industrial effluents cause
pollution of the river. The study summarized that water from Asa river requires
treatment before it can be used for domestic purposes. Ezzat et al., (2012) examined
the water quality of river Nile at Rosetta branch through several physico-chemical
and bacteriological analyses. The study revealed that the water quality along studied

area is obviously influenced by drains discharge and high concentrations of NH3,

total dissolved solids (TDS), electric conductivity (EC), biological oxygen demand
(BOD), total alkalinity, turbidity and recognizable depletion in dissolved oxygen
(DO) were recorded. Seanego and Moyo (2013) carried out research on the effect of
sewage effluent on the physico-chemical and biological characteristics of the Sand
river in South Africa which revealed that Nitrogen and phosphorus levels are above
the South African limits. Moyo and Rapatsa (2016) studied the impact of
urbanization on the ecology of Mukuvisi River, Zimbabwe and concluded that river

is severely polluted and can no longer support high diversity of aquatic life.

2.2 National

In India, several workers have studied the physico-chemical characteristics of
different rivers namely Ganga river (Agarwal et al.,1976; Mishra et al., 2009; Singh,
2010; Yadav and Srivastava, 2011; Matta,2014; Singh et al., 2016), river Bhagirathi
(Joshi et al., 1993), Brahmani river (Muduli et al., 2006), Yamuna river (Gupta et al.,
2013; Chadetrik et al., 2015), river Betwa (Patel and Datar, 2014), Chandrabhaga
River (Watkar and Barbte, 2015) Godavari river (Bhalla and Sekhon, 2010; Patil and
Ghorade, 2013; Bhutekar et al., 2018 ), River Varuna (Barai and Kumar, 2013),
River Krishna (Sarwade and Kamble, 2015), Penna river (Prasad et al., 2016), river
Tawi (Gandotra et al., 2008), river Ramganga (Gangwar et al., 2012), River Sone
(Gunasekar and lsaac, 2015), river Cauvery (Raja et al., 2008; Rajendran et al.,
2015), Krishana, Gomuti, Hoogali, Ganga, Mahanadi, Cauveri river (Chandra et al.,
2011), river Wardha (Mithani et al., 2012), Kali river (Kumar et al., 2014), Torsha
river in West Bengal (Mandal and Amrita, 2011) and Parvara river in Maharashtra
(Thitme and Pondhe, 2010).



Srivastava et al. (1996) examined the water quality of the river Ganga at
Phaphamau (Allahabad) during Mahakumbh festival in 1989. Since the biological
oxygen demand, chemical oxygen demand, and fecal coliforms were all elevated
during bathing, it was concluded from the results that mass bathing causes significant
changes in the river’s water quality. The study revealed that the water was not fit for
drinking or bathing purposes. Impact of mass bathing during Ardhkumbh on water
quality status of river Ganga was conducted by Kulshrestha and Sharma (2006). The
study indicated that water is not fit for either drinking or bathing purposes. The
presence of faecal coliforms in water indicate potential presence of pathogenic
microorganisms, which might cause water borne diseases. Dissolved oxygen content
was found to be within the permissible limit while the values of BOD and COD
exceeded the maximum permissible limit during bathing. Anushka and Deswal
(2017) assessed the impact of anthropogenic activities on water quality of river
Ganga.

Agrahari and Kushwaha (2012) observed an increase in electrical
conductivity, TDS, free CO», bicarbonate alkalinity, total, Ca and Mg hardness,
chloride, nitrate, phosphate, sulphate, BOD and COD while a decrease in pH, DO
and carbonate alkalinity at sewage mixing point at river Rapti. However, these
parameters gradually changed downstream and were within the limits of Indian
standards indicating river water safe for growth of aquatic life. Chauhan and Sagar
(2013) studied the impact of pollutants on water quality of river Sutlej in Nangal area
of Punjab. The study revealed that the river water was moderately polluted due to
inflow of silted muddy water from hilly terrain, physico-chemical dynamics and
frequently dumping of pollutants. On the basis of primarily study, it was apparent
that water was not suitable for drinking but can be used for propagation of wild life,

fisheries and irrigation.
2.3 Regional

The available literature depicts that the study of water quality in northeast
India is limited and major contribution comes from Assam. Water quality of Kolong
river has been studied by Medhi et al., (2015); Kapili River in Assam by Saikia and
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Das (2018); Dihing river in Assam by Bailung and Biswas (2018); Meleng river in
Assam by Karmakar and Biswas (2016); river Siang in Arunachal Pradesh by Das et
al., (2014); Singh and Gupta (2010 a) studied the physico-chemical characteristics of
Imphal, Iril and Toubal rivers in Manipur. The study revealed that the water is
becoming deteriorated due to anthropogenic activities. Singh et al., (2010 b) studied
the samples taken from Manipur river system. The result revealed that most of the
physico-chemical parameters were within the WHO limits for drinking water and as
such may be suitable for domestic purpose. Singh et al., (2016) studied
physiochemical parameters like pH, Temperature, Dissolved oxygen, Total hardness,
Total alkalinity, Biochemical Oxygen Demand, Total dissolved Solids, Total
Suspended solids and Chloride as well as heavy metals like chromium, lead,
cadmium and Arsenic of river Haora in Agartala during Durga idol immersion; Singh
and Gupta (2015) and Alam and laishram (2017) studied the water quality of Nambul
river, Manipur; Saikia and Sarma (2011) studied the fluoride geochemistry of
Kolong river basin, Assam; Dutta and Sarma (2013) studied the fluoride
hydrochemistry of Dikrong river basin; Nongmaithen and Basudha (2017) studied
the physico-chemical properties of different water bodies of Manipur. Swer and
Singh (2004) studied the impact of coal mining on water quality in Meghalaya;
Lamare and Singh (2016) studied the water quality of Lukha River and found that the
water quality is affected by anthropogenic activities such as mining of coal and
limestone and manufacturing of cement in the catchment area of the river; Lamare
and Singh (2014, 2015) studied the impact of limestone mining on water quality in
Meghalaya. Bharali et al., (2008) studied the physico-chemical characteristics of

water of the wetlands in Kaziranga National Park, Assam.

In Mizoram, a number of researches have been conducted on different aquatic
bodies. Mishra and Lalhruaizeli (2009) studied the quality of spring water in western
part of Aizawl city; Mishra (2009) studied the status of the quality of spring water;
Lalchingpuii et al., (2011 b) studied sulphate, phosphate-P and nitrate-N contents in
Tlawng river; Sabrina Lalhmangaihzuali et al., (2019) studied the physico-chemical
properties of perennial spring water within Aizawl City; Lalparmawii (2012)

conducted analysis of water quality and biomonitoring of Tuirial river in the Vicinity
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of the Hydel Project; Thasangzuala and Mishra (2014) studied physical
characteristics of public drinking water in Aizawl city; Thasangzuala et al., (2014)
assessed the chemical characteristics of public drinking water in Aizawl city; Mishra
and Premeshowri (2014) studied the impact of sandstone quarry on water quality of
Tlawng river; Lalzahawmi et al., (2016) studied the seasonal variation in physical
characteristics of Tamdil lake and Lalzahawmi and Mishra (2016) assessed the
chemical characteristics of Tamdil lake.

Lalchhingpuii et al., (2011 a) studied the water quality of Tlawng river and
reported high DO content in winter months. The total hardness and calcium hardness
values of the water samples were within the WHO standards. In case of magnesium,
1.9 % of samples were higher than the permissible limit. Except for a few months,
most of fluoride content was within the permissible limit.

Lalparmawii and Mishra (2012) studied the water quality of Tuirial river in
the vicinity of the hydel project taking into account the chemical parameters like pH,
DO and BOD. The study revealed that the water was unpolluted but regular

monitoring was required to assess the water quality.

Sunar and Mishra (2016) studied the impact of Hydroelectric Power Project
on the water quality of Serlui river and revealed even though all the values fall within
the permissible limit of water quality laid down by various scientific agencies, the
significant increase in temperature, EC and BOD from Site 1 to Site 3 showed effect
of hydroelectric power project on the water quality of the river which may be due to
the direct discharge of treated water into the river system after power generation, and

sewage containing more organic matter.

2.4 Water quality index

The computation of the WQI was attempted by numerous researchers and
Horton (1965) proposed the first water quality index in the United States from
selected sewage treatment based on his own judgment and experience. Brown et al.,
(1970) used the Delphi method developed by “Rand” corporation to develop a WQI
for National Sanitation Foundation (NSF) of USA. Some of the water quality indices
that have been frequently by the public for the purpose of water quality assessment
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are the NSF Water Quality Index (NSFWQI), British Columbia Water Quality Index
(BCWQI), Canadian Water Quality Index (CWQI), Oregon Water Quality index
(OWQI) and the Florida Stream Water Quality Index (FWQI) (Said et al., 2004).

Sargaonker and Deshpande (2003) developed Overall index of pollution at
National Environmental Engineering Research Institute (NEERI), Nagpur, India in
order to assess the status of freshwater, specifically under Indian conditions. A
general classification scheme has been formulated Based on a concept similar to the
one proposed by Prati et al., (1971), a general classification scheme has been
formulated and giving due consideration to the classification scheme developed by
CPCB.

Assessment of water quality using Water Quality Index was studied by
Lohani and Todino (1984); Mathuthu et al., (1993); Stambuck-Giljanovic (1999);
Pesce and Wunderlin (2000); Jonnalagadda and Mhere (2001); Debels et al., (2005);
Bordalo et al., (2006); Fulazzaky et al., (2010); Abdul et al., (2010); Massoud
(2012); Al- Janabi (2012); Al-Shujairi (2013); Misaghi et al., (2017); Fathi et al.,
(2018); Alphayo and Sharma (2018); Wang et al., (2019).

In India, studies relating to the assessment of water quality using Water
Quality Index was carried out by several workers (Tiwari and Mishra, 1985; Tiwari
et al., 1986; Ram and Anandh, 1996; Chetana and Somashekar, 1997; Pandey and
Sundaram,2002; Martin and Haniffa, 2003; Tiwari et al., 2005; Avvannavar and
Shrihari, 2008; Samantray et al., 2009; Vasanthavigar et al., 2010; Yadav et al.,
2010; Kalavathy et al., 2011; Balan et al., 2012; Sharma et al., 2014; Kosha and
Geeta, 2015; Krishna et al., 2015; Das et al., 2017; Ponsadailakshmi, 2018; Adimalla
and Qian, 2019)

2.5 Correlation and linear regression

Regularly monitoring of all the parameters becomes a difficult task even if
adequate manpower and laboratory facilities are available. Therefore, in recent years
an easier and simpler approach for comparing the physico-chemical parameters has
been developed based on statistical correlation (Shukla et al., 2017; Khatoon et al.,
2013).
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The closeness of the relationship between chosen independent and dependent
variables is measured by correlation analysis. If the correlation coefficient between
two variables is nearer to +1 or —1, it shows the probability of the linear relationship
between the two variables. When the correlation between the parameters is in the
range of +0.8 to 1.0, it is characterized as strong, moderate when the value is in the
range of +0.5 to 0.8 and —0.5 to —0.8, weak when it is in the range of +0.0 to 0.5 and
—0.0 to —-0.5 (Nair et al., 2005). Regression measures the nature and extent of
correlation and predicts the unknown values of one variable from known values of
another variable. Correlation coefficient and regression analysis attempts to establish
the nature of the relationship between variables and thereby provides a mechanism
for prediction or forecasting (Agarwal and Saxena, 2011; Kumar and Sinha, 2010;
Mulla et al., 2007).

The available literature reveals that the correlation and regression analyses
have been extensively used for water quality studies carried out by several
researchers like Joarder et al., (2008); El-Korashey (2009); Nurcihan and Basaran.
(2009); Ahmed et al., (2010); Daraigan et al., (2011); Mrazovac and Vojinovic-
Miloradov (2011); Heydari et al., (2013); Mustapha et al. (2013); Chandio et al.,
(2015); Shigut et al., (2017); Jung and Kim (2017).

In India, a number of researchers have undertaken statistical analysis and
assessed the water quality of different water bodies in different parts of the country.
(Thengaonkar and Kulkarni, 1971; Garg et al., 1990; Jain and Sharma, 2000;
Bathusa and Safetharan, 2007; Shah et al., 2007; Bhandari and Nayal, 2008; Trivedi
et al., 2009; Jothevenkalachalam et al., 2010; Agarwal and Saxena, 2011 a; Agarwal
et al., 2011 b; Bhatnagar and Devi, 2012; Agarwal and Agarwal, 2013; Mallik, 2014;
Chaubey and Patil, 2015; Indu and Chandra, 2015; Patela and Vaghanib, 2015;
Gourkar et al., 2016; Senthilmanickam et al., 2016; Madhulekha et al., 2017; Dutta
and Sarma, 2018; Sunar and Mishra, 2018).

2.6 Macrophytes
The term aquatic macrophyte refers to macroscopic vegetation including
angiosperms, ferns, mosses, liverworts and some freshwater macro-algae that occur

in seasonally or permanently in wet environments (Chambers et al., 2008). The
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macorphytic vegetation may be classify in to Submerged aquatic (SA), Floating
aquatic (FA), Emergent aquatic (EA), Free-floating (FF) and Marshy amphibious
(MA) (Sculthorpe, 1985; Padial et al., 2008). The aquatic macrophytes are the
important source of food, fodder, herbal medicine and domestic household materials
for the people residing in its vicinities. Aquatic macrophytic diversity and its role in
understanding the beel ecosystem have tremendous significance. Aquatic
macrophytes represent as an important habitat for fish. Many young fish need aquatic
macrophytes as shelter and protection from predation or to avoid cannibalism.
Aquatic macrophytes also serve some fish as a spawning habitat, for the attachment
of eggs, and some fish form nesting sites among the macrophytes (Cowx and
Welcomme, 1998).

The net primary productivity (NPP) and nutrient cycling which are associated
with littoral freshwater macrophytes may prove to be important to the function of
aquatic ecosystems (Westlake, 1965; Rich et al., 1971; Hutchinson, 1975; Brinson et
al., 1981). Studies on macrophytes were conducted by several works like
Sondergaard and Sand-Jensen (1979), Carpenter and Lodge (1986), Camargo and
Esteves (1995), Pompeo and Moschini (1996), Bini et al. (1999), Keddy (2000),
Henry-Silva et al. (2001), Burlakoti and Karmacharya (2004), Udomsti et al. (2005),
Baattrup-Pedersen et al. (2006), Hrivnak et al. (2006), Clayton and Edwards (2006),
Bianchini Jr. et al., (2008), Mormul et al., (2010), Niroula and Singh (2011), Tamire
and Mengistou (2012, 2014), Ghimire (2016), Akomolafe and Nkwocha (2017),
Wang et al., (2019).

In India, Biswas and Calder (1937) published a comprehensive account of
hydrophytic plants of India and Burma. Subramanyam (1962) published a volume on
aquatic plants of India which is followed by an enumeration of aquatic plants of
India by Deb (1976). Cook (1996) published a volume on aquatic and wetland plants
of India covering northern boundary of India (Arunanchal Pradesh, Himanchal
Pradesh, Jammu & Kashmir and Sikkim).

Studies on aquatic plants have been conducted by a number of authors like
Chavan and Sabnis (1961), Vyas (1964), Unni (1971), Billore and Vyas (1981),
Lavania et al., (1990), Dutta et al., (2002), Maliya and Singh (2004), Ravinder and

15



Pandit (2006), Kiran et al., (2006), Reddy et al., (2009), Muthulingam et al., (2010),
Ahmad et al., (2015),

Extensive research on macrophytes have been conducted at international and
national level, but from available literature it is clear that the research is limited in
North-East states particularly Mizoram. A number of researches on macrophytes
have been conducted in Assam. Dey and Kar (1989) conducted a study on the aquatic
macrophytes of Lake Sone, Assam. Pathak (1990) studied in detail the hydrophytic
flora of Guwabhati and its vicinity.

Islam (1999) conducted a study of the certain aquatic macrophytes of lentic
habitat of Dibrugarh district, Assam. Sarma and Devi (1999) surveyed the aquatic
flora of Goalpara District, Assam, Baruah and Baruah (2000) conducted a study on
the hydrophytic flora of Kaziranga National Park in Assam. Dhar et al., (2004)
studied the aquatic macrophytes in Baskandi lake in Assam. Barooah and Mahanta
(2006) investigated the aquatic angiosperms of Biswanath Chariali, Assam. Deka et
al., (2010) conducted phenological study of macrophytes of some selected wetlands
of Goalpara district. Bordoloi (2014) made a comparative study of aquatic
macrophytes and its primary productivity in the closed and open type wetlands of
Brahmaputra river basin. Dutta et al., (2014) conducted a research on the diversity of
aquatic macrophytes of Kapla beel (wetland) of Barpeta district, Assam. Deka and
Sarma (2014) conducted ecological studies of macrophytes of four important
wetlands of Nalbari district of Assam. In Manipur, Jain et al., (2007) worked on a
total number of 42 species of aquatic/semi-aquatic plants under 18 families and 25
genera which are used in herbal remedies by the ethnic communities of Manipur. In
Tripura, Bhowmik and Datta (2011) studied the diversity of aquatic and marshand
plants of Tripura and revealed the occurrence of 65 species of aquatic and Marshland
plants belonging to 44 genera and spreadingover 26 families. Taran et al., (2016)
conducted a study on the physico-chemical characteristics, biodiversity assessment
and economic valuation of Kalyanthakur Para Lake: a community based lake of
Tripura and identified a total of thirteen aquatic plants belonging to twelve families.
In Mizoram, Sunar (2016) studied the diversity and distribution of aquatic
macrophytes of Serlui-B river where a total of 28 aquatic macrophytes belonging to

24 genera and 13 families were recorded so far.
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CHAPTER-3

METHODOLOGY

3.1 Description of Study Area
3.1.1 Mizoram: Location and extent

The State of Mizoram is situated in the extreme south of north-eastern part of
India lies between 21°56°N- 24°31°N latitudes and 96°16 E-93°26"E longitudes. It is
sandwiched between Bangladesh and Myanmar. The Tropic of cancer (23°30°N
latitudes) divides the region in Aizawl district at the southern periphery of Aizawl
into two almost equal parts. The total geographical area of 21,087 square kilometres
with maximum dimension of 285 kilometres from north to south and 115 kilometres
from east to west (Pachuau, 2009). It shares boundaries with Assam (123 km) and
Manipur (95 km) on the north, and on the west by and Tripura (66 km). It shares
international boundaries with Myanmar on the east and south (404 km) and on the
west by Bangladesh (318 km) (Statistical handbook, 2019).

Mizoram is divided into eleven districts namely, Aizawl, Lunglei, Siaha,
Kolasib, Mamit, Champhai, Serchhip, Lawngtlai, Saitual, Hanhthial, Khawzawl.
Aizawl is the state capital of Mizoram, and lies between 23° 43' 44.18" N latitude
and 92° 43' 4.48" E longitude with a total geographical area of 3,576.31 square
kilometres and is situated at about 1132 meters above sea level. The population of
Aizawl is 291,822 having sex ratio of 1029 per 1000 males. The average literacy rate
of Aizawl city is 98.80 percent of which male and female literacy is 99.30 and 98.31

per cent respectively (Census, 2011).
3.1.2 Geology

The geology of the state of Mizoram is represented in general by repetitive
succession of arenaceous and argillaceous sediments which were later thrown into

approximately NNW - SSE trending longitudinal plunging anticlines and synclines.
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Geologically, the two broad groups of Surma and Barail are eminent. Surma group
consists of two main sub-groups of rocks- Bhuban and Bokabil.

3.1.3 Topography

The physiology of Mizoram is composed predominantly of mountainous
terrain of tertiary rocks. Inclined north to south direction in parallel series, the
mountain ranges are separated by deep river valleys. The elevation of these ranges
from 21 metres at Tlabung to 2,157 metres at Phawngpui. The landforms of the state
can be classified on the basis of relief, drainage, lithologic and structural set up as

Mountainous Terrain Province, Ridge and Valley Province, Flat lands and Lakes.
3.1.4 Drainage

Surface configuration like relief, slope and dissection affects the development
and pattern of drainage system of the area to a great extent. A number of rivers,
streams and rivulets of varying lengths flow through the state. The rivers Tlawng
(with its tributaries Teirei and Tut), Tivawl, Tuirial, Langkaih and Tuivai; drain the
northern part of the region and ultimately fall into Barak river. The rivers
Chhimtuipui on the east along with its tributaries Mat, Tuichang, Tiau and Tuipui
drains the southern hills; Khawthlangtuipui with its tributaries Kawrpui, Tuichawng,
Phairuang, Kau and De drains the western region; Tiau and Chhimtuipui; forms

boundary with Myanmar in the east and south.
3.1.5 Climate

The state of Mizoram has a moderate climate despite its tropical location.
Throughout the year it does not become very hot or very cold. The annual
temperature during winter is between 11°C to 24°C and in summer between 18°C to
29°C (FSI, 2019). The lowest temperature during winter is observed at high altitude
areas such as Champhai, Zote, Ngur etc. in the east; Bualpui (Ng) and Phawngpui in
the south while maximum temperature in summer is observed at relatively lower
areas like Kanhmun, Zawlnuam, Bairabi, Vairengte etc. in the north; Tlabung,

Chawngte, Tuipang, Tuipuibari etc. in the south and west-end. The state receives an
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adequate amount of rainfall as it falls under the direct influence of the south-west
monsoon. The state experience heavy rainfall during summer from May to
September. The annual rainfall in the state ranges between 2,100 mm to 3,500 mm.

(Forest survey of India, 2019).

Three different types of seasons are observed in the state, depending on
temperature and general weather conditions. The seasons are- the cold or winter
season which starts from November and can last till February; the warm season or
spring which starts from march and last till the first part of May; and the rainy season

or summer which starts from the second part of May till late October.
3.1.6 Soil

The soil of Mizoram is generally young, immature and sandy and are
dominated by loose sedimentary formations. The soils are highly acidic and low in
potash and phosphorus but has high nitrogen content in uneroded soil. As the soils in
the valleys were brought down by the rain water from high altitudes, the soils are

heavier.

The soil of the hilly terrain are dark, highly leached and poor in bases but rich
in iron. The soil of the valley flat land is brown to dark brown, poor in bases, acidic
in nature (pH ranging from 5.5.-6.0), medium to high organic carbon content, low
available phosphate and medium to high available potash. The soil in some places
below the plough layers is poorly drained and as a result water logging is common.
The soil is normally fertile and productive. The soil of the narrow valleys has a light
and coarse texture, is well drained, well aerated and skeletal and receives new
deposits of alluvium at frequent intervals. According to Sanker and Nandy (1976),
the soil of Mizoram can be classified into three orders of soil taxonomy namely:

Entisols, Inceptisols and Ultisols.
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3.1.7 Vegetation

Latitude, elevation, rainfall and nature of soil are the factors which influence
the geographical distribution of forest in Mizoram naturally. There is a clear

difference between vegetation of the western and eastern part of the state.

Out of the total geographical area of Mizoram, about 75 per cent of the area is
covered by vegetation. Due to its tropical location it provides favourable climatic
conditions such as an adequate rainfall, moderate temperature which result in

luxuriant growth of vegetation.

Forest types of Mizoram can be classified into three broad categories as:
Tropical Wet-Evergreen Forest, Tropical Semi-Evergreen Forest and Mountain Sub-
Tropical forest (Pachuau, 2009). As per the classification of forest types by
Champion & Seth (1968), the forests in Mizoram belong to four Type Groups, which
are further divided into six Forest Types.

Some of the species found in the state include Dipterocarpus turbinatus,
Artocarpus chaplasha, Terminalia myriocarpa, Amoora wallichii, Michelia
champaca, Mesua ferrea, Pinus kesiya, Quercus spp, Castanopsis spp, Schima
wallichii, Rhododendron arboreum, Rhus semialata, etc. Bamboos occur abundantly
and the state of Mizoram is one of the leading producers supplying 14% of the
country’s commercial bamboo. A total of 27 species of bamboo are reported from the

region (Forest Survey of India, 2019).
3.2 Selection of Study Site

For detailed investigation, Serlui-A river has been selected which is
approximately 7-8 kms long and it flows from Lungleng village towards Maubawk
where it merges with river Tlawng. This river is being used for 1 MW Serlui- A

hydroelectric power station.
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3.2.1 Selection of Sampling Sites

To fulfil the objectives of study, following sampling sites of river Serlui-A
have been selected.

1. Site 1: situated near the source in Lungleng village, and considered as
control/reference site to compare results from other sites selected towards
downstream of river.

2. Site 2: situated just before hydroelectric power station.

3. Site 3: situated just after hydroelectric power station.

4. Site 4: situated at the point where Serlui-A river merges with river Tlawng.

LOCATION MAP OF SERLUI A RIVER

IVidp 5.1. LOCAlorn Imdap 01 study dred
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Photo plate 3.1: Site 1- Control site: situated near the source in Lungleng village
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Photo plate 3.2: Site 2- situated just before hydroelectric power station



Photo plate 3.3: Site 3- situated just after hydroelectric power station.
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Photo plate 3.4: Site 4- situated at the point where Serlui-A river merges with river
Tlawng.
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3.3 Collection of water sample

The water samples were collected from selected study sites on monthly basis
(in triplicates) for two consecutive years (October, 2016 to September 2017 and
October 2017 to September, 2018) using wide mouth plastic bottles with necessary
precautions. The water samples were brought to the laboratory in an ice box after
collection. The various physico-chemical characteristics namely, Electrical
Conductivity, Dissolved Oxygen, Biological Oxygen Demand, Total Hardness,
Acidity, Total Alkalinity, Turbidity, Total Dissolved Solids, Chloride, Nitrogen-
nitrite and Phosphate-P contents were analysed within 24 hrs of collection of water
samples. Temperature and pH were recorded at sampling site, and samples were
fixed at site for DO estimation. The samples were stored at 4 C for further analysis.
The findings were expressed seasonally i.e., Post-monsoon season (October-
January), pre-Monsoon season (February-May) and Monsoon season (June-
September).

3.4 Analytical Methods

For analysis of the various physico-chemical characteristics of the water
samples, the methods as outlined in ‘Standard Methods for Examination of Water
and Wastewater’ (APHA, 2005) and ‘Handbook of Methods in Environmental
Studies, Water and Waste Water Analysis (Maiti, 2001) were followed.

3.4.1 Temperature
Temperature of water was measured by means of a Digital thermometer.
3.4.2 Electrical conductivity

Electrical Conductivity was measured with an electrical conductivity cell.
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3.4.3 Total Dissolved Solids

Total Dissolved solids (TDS) was measured by using filtration and
evaporation method. Total Dissolved Solids was calculated by using the formula,
TDS=TS-TSS

Where,
TSS = Total Suspended Solids
TS = Total Solids
TDS = Total Dissolved Solids
Total Solids (TS) can be calculated by using the formula,
TS (g/L) = W1-W2 x 1000/V
Where,
A = Final weight of the crucible
B = Initial weight of the crucible
C = Volume of water sample evaporated (ml)
Total Dissolved Solids (TDS) will be calculated by using the formula,
TDS (g/L) = W1-W2 x 1000/V
Where,
W1 = Final weight of the crucible

W = Initial weight of the crucible
V = Volume of water sample evaporated (ml)

3.4.4 Turbidity

Turbidity was measured either by its effect on the transmission of light which
is termed as Turbidity or by its effect on the scattering of light which is termed as
Nephalometer. Nephalometer was used for measuring turbidity.

DO (mgL_l) _ VaMNxEx1000

mL of water zample used

Where, V = volume of titrant; N = normality of titrant
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3.4.5 pH
The pH was measured by using the digital pH meter.

3.4.6 Dissolved Oxygen

For estimation of the DO content of water samples “Modified Winkler’s
Azide Method” was followed. The DO content of water was calculated using the

following formula

VaNx8x1000

DO content (mgL ') =

mL of water sample used

Where,
V = volume of titrant used;

N = normality of titrant.

3.4.7 Biological Oxygen Demand

For the estimation of BOD content of water, initial and final DO of water
samples were determined just after collection of sample and after 5 days incubation
in BOD incubator at 20° C respectively. Calculation of BOD was done using the

following formula
Dol —Do(F)

mL of water zample Dilution factor.ifany

BOD (mgL?) =

Where,
DO (I) = Dissolved Oxygen taken before incubation of the sample

DO (F) = Dissolved Oxygen taken after incubation of the sample
3.4.8 Chloride

The Chloride content of water was determined by using modified Mohr’s
method. Silver Nitrate (0.041N) solution was used as a titrant. Chloride content was

calculated by using the following formula

Chloride (mgL™ CaCO3) =

Volumeoftitrant used x 0.041 x 3646 x 1000

Volume of water sample uzed

Where,
0.041 = normality of Titrant
36.46 = atomic weight of chloride
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3.4.9 Total Alkalinity

The total alkalinity of water was measured by using potentiometric titration
method. Standard sulphuric acid (0.02N) was used as a titrant to lower down the pH
sample at 8.3(phenolphthalein alkalinity) and to pH 3.7 (methyl orange alkalinity).
Alkalinity was calculated using the following formula,

Total Alkalinity (mgL? CaCOs)= (A-B)x 1000

Volume of water sample uzed

Where,

A = Alkalinity due to Phenolphthalein
B = Alkalinity due to Methyl Orange

3.4.10 Acidity

The acidity of water was measured by using potentiometric titration method.
Sodium hydroxide (0.02N) was used as a titrant. Acidity was calculated using the

following formula

Acidity (mgL? CaCO3) =

Volume of titrant used { WI2ZN NaOH 21000

Volume of water zample uzed

3.4.11 Total Hardness
Total Hardness was measured by EDTA titration method; value was

calculated by using the following formula,
CxDicl 00D

Total hardness as (mgL™ CaCOs3) =

Volume of zampletaken

Where,

C = Volume of EDTA required by sample
D = mg CaCOs equivalent to 1ml EDTA titrant (Iml for 0.01N
EDTA).
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3.4.12 Phosphate-P

The stannous chloride colorimetric method was used for the determination of
Phosphate-P content of water and value was calculated using the following formula:
Conc. of Phosphate (mg/L) = R x mf
Where,
R = Absorbance reading of sample
mf= absorbance
Conc.

3.4.13 Nitrogen-Nitrite (N-NO2)

Colorimetric method (Diazotization method) was used for the determination
of N-NOz content of water and the value was calculated using the following formula,
Conc. of N-NOz in mgL™*=R x m f x D (Dilution factor/no of times of
dilution)
Where,
R= Absorbance reading of sample
mf= absorbance
Conc.
3.5 Water Quality Index (WQI)

The weighted arithmetic index method (Brown et al.,, 1972) has been
used for the calculation of water quality index of the water body in the
following steps:

Calculation of Sub Index of Quality Rating (gn): The value of qn is
calculated using the following expression.

gn = [(Vn-Vid]/Sn-Vig)] x 100
Where,
n =Quality rating for the n™" water quality parameter.
Vn = Estimated value of the n'" parameter at a given sampling station.
Sn = Standard permissible value of the nth parameter.

Vis= Ideal value of the n'" parameter in pure water.
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All the ideal values (Vid) are taken as zero for drinking water except
for pH=7.0 and DO=14.6mg/L (Tripathy and Sahu, 2005).
Calculation of Unit Weight (W,): Calculation of unit weight (Wh,) for various
water quality parameters are inversely proportional to the recommended
standards for the corresponding parameters.

Wn=k/Sh

Where,

Whn= unit weight for the n'" parameters.

Sh= standard value for the n™ parameters.

k=constant for proportionality and is calculated by

k=[1/(21/5:=1,2,.n) ]

The overall water quality index is calculated by aggregating the quality

rating with the unit weight linearly.
WQI=ZqnWn/E Wi

3.6 Distribution of Aquatic macrophytes

The aquatic macrophytes were collected from selected study sites, identified

using available literature.

3.7 Statistical Analysis

For validity and significance of the data, statistical analyses such as
correlation coefficient, ANOVA and linear regression were computed using
SPSS 16.0 and MS Excel 2016.
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CHAPTER- 4

RESULTS

The findings of the present investigation on various physicochemical
characteristics of water and impact of pollutants on the quality of water and
distribution of macrophytes can be presented as under:

4.1 Water Quality Characteristics

4.1.1 Temperature

The temperature of water ranged from 19.2 °C (Site 1 in Post-monsoon
season) to 26.7 °C (Site 4 in Monsoon season) during 2016-17. However, during
2017-2018 values were between 16.7 °C (Site 1 in Post-monsoon season) and 26.6 °C
(Site 4 in Monsoon season). Overall findings state range of temperature between
16.7°C to 26.7°C. In both the years, a similar trend in results observed with higher

values in Monsoon season and lower values during Post-monsoon season (Fig. 4.1).

Site 1 Site 2
Site 3 Site 4

= MR W
[=] (=TT =1

Temperature (°C)
=
w

(=T

Post Monsoon Pre Morsoon  Monsoon  Post Monsoon Pre Monsoon  Monsoon

2016-2017 2017-2018

Seasons

Fig. 4.1: Seasonal Variation in temperature of water at selected study sites.

A positive and significant correlation of temperature was established with EC
(0.862**), TDS (0.819**), BOD (0.851**), turbidity (0.789**), phosphate (0.755**)
and nitrite (0.786**). Moreover, a positive correlation of temperature was established
with chloride, TA and TH. On the contrary, a negative and significant correlation of
temperature was established with DO (-0.879**), and a negative correlation with pH
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and acidity. The correlation coefficient between different parameters and sites has

been given in Appendix 2 to 5.

Statistically, two-way ANOVA on temperature of water as a function of
variation between sites (F=31.71, p<0.05) and between seasons (F=105.52, p<0.05)

is found to be significant.

Table 4.1: Two-way ANOVA for Temperature of water.

Source of

Variation SS df MS F P-value F crit
Between sites 29.65396 319.884653 | 31.7084 | 0.000447 | 4.757062663
Between season | 65.79125 21 32.89563 | 105.5239 | 2.11E-05 | 5.14325285
Error 1.870417 6 |0.311736
Total 97.31563 11

4.1.2 Electrical Conductivity

Like Temperature, the Electrical Conductivity of water ranged from 23 pS

(Site 1 during Post-monsoon season) to 277.2 uS (Site 4 during Monsoon season)
during 2016-17. Subsequently, during 2017-2018 the values were between 28.7 pS

(Site 1 in Post-monsoon season) and 232 uS (Site 4 in Monsoon season). Overall

findings state range of electrical conductivity as 23 uS to 277.2 puS. The electrical

conductivity was found to be high in Monsoon season and low during Post-monsoon

season in both the years (Fig. 4.2).

Site 1
Site 3

Site 2
Site 4

Post Monsoon  Pre Monsoon Morsoon Post Monsoon  Pre Morsoon Monsoon

20162017 2017-2018

Seasons

Fig. 4.2: Seasonal Variation in EC of water at selected study sites.

A positive and significant correlation of electrical conductivity was
established with temperature (0.862**), TDS (0.912**), turbidity (0.836**), BOD
(0.766**), chloride (0.408*), phosphate (0.765**) and nitrite (0.853**), and a

33




positive correlation with pH, TA and TH. On the contrary, a negative and significant
correlation of EC was established with DO (-0.843**), and a negative correlation
with acidity. The correlation coefficient between different parameters and sites has
been given in Appendix 2 to 5.

Statistically, two-way ANOVA on EC of water as a function of variation
between sites (F=64.48, p<0.05) and between seasons (F=66.85, p<0.05) is found to
be significant.

Table 4.2: Two-way ANOVA for EC of water.

Source of

Variation SS df MS F P-value F crit
Between sites 40350.5 3| 13450.17 | 64.48406 | 5.89E-05 | 4.757062663
Between season | 27888.52 2 | 13944.26 | 66.85288 | 7.92E-05 | 5.14325285
Error 1251.488 6 | 208.5813
Total 69490.5 11

4.1.3 Total Dissolved Solids

During 2016-17, the total dissolved solids of water ranged from 14.7 mgL*
(Site 1 during Post-monsoon season) to 140 mgL™ (Site 3 during Monsoon season).
Subsequently, during 2017-2018 values were between 19 mgL™? (Site 1 in Post-
monsoon season) and 148.5 mgL*(Site 4 in Monsoon season). Overall findings state
range of total dissolved solid between 14.7 mgL™? and 148.5 mgL™. The values for
Total dissolved solids were found to be low during Post-monsoon season and high

during Monsoon season with regards to sites (Fig. 4.3).

Site 1 Site 2
Site 3 Site 4

DS (mgL-1)
3

Post Monsoon Pre Momsoon Mornsoon Post Monsoon Pre Monsoon Monsoon

2016-2017 20172018
Seasons

Fig. 4.3: Seasonal Variation in TDS of water at selected study sites.
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A positive and significant correlation of TDS was established with
temperature (0.819**), EC (0.912*%*), turbidity (0.750**), BOD (0.623**), chloride
(0.436*), TH (0.414*), phosphate (0.666**) and nitrite (0.694**), and a positive
correlation with pH and TA. On the contrary, a negative and significant correlation
of TDS was established with DO (-0.717**), and a negative correlation with acidity.
The correlation coefficient between different parameters and sites has been given in
Appendix 2 to 5.

Statistically, two-way ANOVA on TDS of water as a function of variation
between sites (F=43.86, p<0.05) and between seasons (F=19.31, p<0.05) is found to
be significant.

Table 4.3: Two-way ANOVA for TDS of water.

Source of

Variation SS df MS F P-value F crit
Between sites 18023.41 3 | 6007.803 | 43.86474 | 0.000178 | 4.757062663
Between season | 5290.561 2 12645.281 | 19.31397 | 0.00243 | 5.14325285
Error 821.7721 6| 136.962
Total 24135.74 11

4.1.4 Turbidity

During 2016-17, the turbidity of water ranged from 3.1 NTU (Site 1 in Post-
monsoon season) to 6.7 NTU (Site 2 and 3 in Monsoon season.) Subsequently,
during 2017-2018 values were between 2.3 NTU (Site 1 in Post-monsoon season)
and 5 NTU (Site 4 in Monsoon season). Overall findings state range of turbidity as
2.3 NTU to 5 NTU. The turbidity of water was found to be lower during Post-

monsoon season and higher during Monsoon season in terms of study sites (Fig. 4.4).
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Fig. 4.4: Seasonal Variation in Turbidity of water at selected study sites.

A positive and significant correlation of Turbidity was established with
temperature (0.789**), EC (0.836**), TDS (0.750**), pH (0.411*), BOD (0.899**),
TH (0.456%), phosphate (0.961**) and nitrite (0.962**), and a positive correlation
with chloride and TA. On the contrary, a negative and significant correlation of
Turbidity was established with DO (-0.850**) and acidity (-0.473*). The correlation
coefficient between different parameters and sites has been given in Appendix 2 to
5.

Statistically, two-way ANOVA on turbidity of water as a function of
variation between sites (F=96.13, p<0.05) and between seasons (F=50.74, p<0.05) is
found to be significant.

Table 4.4: Two-way ANOVA for Turbidity of water

Source of
Variation SS df MS F P-value F crit

Between sites | 9.712292 3| 3.237431 | 96.12165 | 1.84E-05 | 4.757062663
Between season | 3.417917 2 | 1.708958 | 50.74021 | 0.000174 | 5.14325285
Error 0.202083 6 | 0.033681

Total 13.33229 11

4.1.5 pH

The pH of water ranged from 7.1 (Site 1 in Monsoon season) to 7.9 (Site 3
and Site 4 in Post-monsoon seasons) during 2016-17. Subsequently, during 2017-
2018 values were between 6.1 (Site 1 in Monsoon season) and 7.7 (Site 4 in Post-

monsoon season). Overall findings reveal that the range of pH as 6.1 to 7.9. The pH
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of water was found to be lower during monsoon season and higher during Post-

monsoon season (Fig. 4.5).
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Fig. 4.5: Seasonal Variation in pH of water at selected study sites.

A positive and significant correlation of pH was established with turbidity
(0.411%), chloride (0.407*), TA (0.678**), TH (0.522**) and phosphate (0.427*) and

a positive correlation with EC, TDS, BOD and nitrite. On the contrary, a negative

and significant correlation of pH was established with acidity (-0.632**), and a

negative correlation with temperature and DO. The correlation coefficient between

various parameters and different sites has been given in Appendix 2 to 5.

Statistically, two-way ANOVA on pH of water as a function of variation
between sites (F=103.54, p<0.05) and between seasons (F=175.29, p<0.05) is found

significant.

Table 4.5: Two-way ANOVA for pH of water

Source of

Variation SS df MS F P-value F crit
Between sites 0.603958 3| 0.201319 | 103.5357 | 1.48E-05 | 4.757062663
Between season | 0.681667 2 | 0.340833 | 175.2857 | 4.76E-06 | 5.14325285
Error 0.011667 6 | 0.001944
Total 1.297292 | 11
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4.1.6 Dissolved Oxygen (DO)

The DO content of water ranged from 5 mgL™ (Site 3 in Monsoon season) to
7.9 mgL* (Site 1 in Post-monsoon) during 2016-17. Subsequently, during 2017-2018
the values were between 5.9 mgL* (Site 2 in Monsoon season) and 7.8 mgL™ (Site 1
in Post-monsoon season). Overall findings state range of DO content of water as 5
mgL™ to 7.9 mgL. The DO content was found to be high in Post monsoon season

and low during Monsoon season in both the years (Fig. 4.6).

mSitel mSite2
Site 3 Site 4

Post Monsoon Pre Monsoon Monsoon Post Monsoon Pre Monsoon Monsoon

2016-2017 2017-2018
Seasons

DO (mgL)
S = N W Rk b O -1 8 O

Fig. 4.6: Seasonal Variation in DO content of water at selected study sites.

A positive correlation of DO content was established with TA and acidity. On
the contrary, a negative and significant correlation of DO content was established
with temperature (-0.879**), EC (-0.843**), TDS (0.717**), turbidity (-0.850**),
BOD (-0.919**), phosphate (-0.864**) and nitrite (-0.899**), and a negative
correlation with pH, chloride and TH. The correlation coefficient between various
parameters and different sites has been given in Appendix 2 to 5.

Statistically, two-way ANOVA on DO of water as a function of variation
between sites (F=217.54, p<0.05) and between seasons (F=727.46, p<0.05) is found

to be significant.
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Table 4.6: Two-way ANOVA for DO content of water

Source of

Variation SS df MS F P-value F crit
Between sites 1.7675 310.589167 | 217.5385 | 1.65E-06 | 4.757062663
Between season | 3.940417 2 |1.970208 | 727.4615 | 6.93E-08 | 5.14325285
Error 0.01625 6 | 0.002708
Total 5.724167 11

4.1.7 Biological Oxygen Demand (BOD)

The BOD content of water ranged from 1.6 mgL™ (Site 1 in Post-monsoon

season) to 3.8 mgL*(Site 2 in Monsoon season) during 2016-17. Subsequently,

during 2017- 2018 values were between 1.1 mgL™ (Site 1 in Post-monsoon) and 2.6

mgL%(Site 2 and Site 3 in Monsoon season). Overall findings state range of BOD as

1.1 to 3.8 mgL. BOD content of water was found to be higher during Monsoon

season and lower during Post-monsoon season irrespective of year (Fig. 4.7).

BOD (mgL?)

Post Monsoon Pre Monsoon

2016-2017

Monsoon Post Monsoon Pre Monsoon

Seasons

Site 1
Site 3

2017-2018

Site 2
Site 4

Monsoon

Fig. 4.7: Seasonal variation in BOD content of water at selected study sites.

A positive and significant correlation of BOD was established with
temperature (0.851**), EC (0.766**), TDS (0.623**), turbidity (0.899**), phosphate
(0.922**) and nitrite (0.934**), and a positive correlation with pH, chloride, TA and

TH. On the contrary, a negative and significant correlation of BOD was established

with DO (-0.919**), and a negative correlation with acidity. The correlation

coefficient between different parameters and different sites has been given in
Appendix 2 to 5.
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Statistically, two-way ANOVA on BOD of water as a function of variation
between sites (F=12.31, p<0.05) and between seasons (F=42.39, p<0.05) is found to

be significant.

Table 4.7: Two-way ANOVA for BOD content of water.

Source of

Variation SS df MS F P-value F crit
Between sites 1.167292 31 0.389097 | 12.31429 | 0.005645 | 4.757062663
Between season 2.67875 2 | 1.339375 | 42.38901 | 0.000289 | 5.14325285
Error 0.189583 6 | 0.031597
Total 4.035625 11
4.1.8 Chloride

The chloride content of water ranged from 1.3 mgL™? (Site 1 in Monsoon

season) to 44 mgL™ (Site 3 in Pre-Monsoon season) during 2016-17. Subsequently,

during 2017-2018, the values were between 5.2 mgL™* (Site 1 in Monsoon season) to

36 mgL (Site 2, 3 and 4 in Pre-monsoon season). Overall findings state range of

chloride as 1.3 mgL™* to 44 mgL™. The chloride value was found to be lower during

monsoon season and higher during pre-monsoon season (Fig. 4.8).
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Fig. 4.8: Seasonal variation in Chloride content of water at selected study sites.

A positive and significant correlation of chloride was established with EC
(0.408*), TDS (436*), pH (0.407*), TA (0.545**) and TH (0.849**), and a positive

correlation with temperature, turbidity, BOD, phosphate and nitrite. On the contrary,

40




a negative and significant correlation of chloride content was established with acidity

(-0.622**), and a negative correlation with DO content. The correlation coefficient

between different parameters and t sites has been given in Appendix 2 to 5.

Statistically, two-way ANOVA on Chloride of water as a function of

variation between sites (F=6.40, p<0.05) and between seasons (F=15.04, p<0.05) is

found significant.

Table 4.8: Two-way ANOVA for Chloride content of water.

Source of

Variation SS df MS F P-value F crit
Between sites 796.17 3 265.39 | 6.398368 | 0.026765 | 4.757062663
Between season | 1247.352 2| 623.676 | 15.0364 | 0.004602 | 5.14325285
Error 248.8666 6 | 41.47776
Total 2292.389 11

4.1.9 Total Alkalinity
The total alkalinity of water ranged from 25.6 mg L* CaCOs (Site 1 in

Monsoon season) to 200 mgL! CaCOsz (Site 2 in Post-monsoon season).

Subsequently, during 2017-2018 values were between 54 mg L CaCOs (Site 1 in

Monsoon season) and 139 mgL™* CaCQOs (Site 3 in Post-monsoon season). Overall
findings state range of total alkalinity as 25.6 mg L™* CaCOs to 200 mg Lt CaCOsa.

The total alkalinity was lower during monsoon season and higher during the post-

monsoon season irrespective of year (Fig. 4.9).
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Fig. 4.9: Seasonal variation in Total Alkalinity of water at selected study sites.
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A positive and significant correlation of TA was established with pH
(0.678**), chloride (0.545**) and TH (0.714**), and a positive correlation with
temperature EC, TDS, turbidity, DO, BOD, phosphate and nitrite. On the contrary, a
negative correlation of TA was established with acidity. The correlation coefficient

between different parameters and sites has been given in Appendix 2 to 5.

Statistically, two-way ANOVA on TA of water as a function of variation
between sites (F=146.43, p<0.05) and between seasons (F=114.67, p<0.05) is found

to be significant.

Table 4.9: Two-way ANOVA for Total alkalinity of water.

Source of

Variation SS df MS F P-value F crit
Between sites 10351.01 3| 3450.335 | 146.427 5.32E-06 | 4.757062663
Between season 5403.97 2| 2701.985 | 114.6681 1.66E-05 | 5.14325285
Error 141.3811 6 | 23.56352
Total 15896.36 11

4.1.10 Acidity

The acidity values ranged from 3.4 mgL™ (Site 2 in Pre-monsoon season) to
8.8 mgL™! (Site 1 Monsoon season) during 2016-17. Subsequently, during 2017-2018
values were between 6.5 mgL™(Site 1 in Pre-monsoon season) and 9 mgL! (Site 1 in
Monsoon season). Overall findings state range of acidity as 3.4 mgL™* to 9 mgL™.
The acidity of water was found to be highest during Monsoon season and lowest

during Pre-monsoon season in both the years, and at Site 1 only (Fig. 4.10).
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A positive correlation of Acidity was established with DO content of water.

On the contrary, a negative and significant correlation of acidity was established with
turbidity (-0.473*), pH (-0.632**), chloride (-0.622**), TH (-0.551**) and nitrite (-
0.410%), and a negative correlation with temperature, EC, TDS, BOD, TA and

phosphate. The correlation coefficient between different parameters and sites has

been given in Appendix 2 to 5.

Statistically, two-way ANOVA on acidity of water as a function of variation
between sites (F=6.43, p<0.05) and between seasons (F=108.10, p<0.05) is found to

be significant.

Table 4.10: Two-way ANOVA for Acidity of water.

Source of Variation SS df MS F P-value F crit
Between sites 1.716056 31 0.572019 | 6.430338 | 0.026472 | 4.757062663
Between season 19.23258 2| 9.61629 | 108.1013 | 1.97E-05 | 5.14325285
Error 0.533738 6 | 0.088956

Total 21.48237 11

4.1.11 Total Hardness

The total hardness of water ranged from 18 mgL™* CaCOs (Site 1 in Monsoon

season) to 141 mgL™? CaCOs (Site 4 in Pre-monsoon season) during 2016-17.

Subsequently, during 2017-2018, values were between 28.3 mgL™* CaCOs3 (Site 1 in

43




Monsoon season) and 86 mgL™ CaCOs (Site 3 in Pre-monsoon season). Overall
findings state range of total hardness as 18 mgL™ CaCOsto 141 mgL™* CaCOs. The
total hardness values were found to be higher during pre-monsoon season and lower

during Monsoon season irrespective of year (Fig. 4.11).
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Fig. 4.11: Seasonal variation in Total hardness of water at selected study sites.

A positive and significant correlation of TH was established with TDS
(0.414%), turbidity (0.456*), pH (0.522**), chloride (0.849**) and TA (0.714**), and
a positive correlation with temperature, EC, BOD, phosphate and nitrite. On the
contrary, a negative and significant correlation of TH was established with acidity (-
0.551**), and a negative correlation with DO content of water. The correlation
coefficient between different parameters and sites has been given in Appendix 2 to
5.

Statistically, two-way ANOVA on TH of water as a function of variation
between sites (F=11.19, p<0.05) and between seasons (F=10.75, p<0.05) is found to
be significant.

Table 4.11: Two-way ANOVA for Total Hardness of water

Source of

Variation SS df MS F P-value F crit
Rows 6539.167 3(2179.722 | 11.19236 | 0.007175 | 4.757062663
Columns 4188.311 2 | 2094.155 | 10.75299 | 0.010379 | 5.14325285
Error 1168.506 6| 194.751
Total 11895.98 11
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4.1.12 Phosphate-P

The phosphate-P content of water ranged from 0.029 mgL™ (Site 1 in Post-
monsoon season) to 0.246 mgL™? (Site 4 in Monsoon season) during 2016-16.
Subsequently, during 2017-2018, the values were between 0.005 mgL™ (Site 1 in
Post-monsoon season) to 0.107 mgL™ (Site 4 in Monsoon season). Overall findings
state range of phosphate-P as 0.005 mgL™? to 0.246 mgL™. The phosphate-P values
were found to be highest during monsoon season and lowest during Post-monsoon

season in both the years (Fig. 4.12).
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Fig. 4.12: Seasonal Variation in Phosphate-P content of water at selected

study sites.

A positive and significant correlation of phosphate was established with
temperature (0.755**), EC (0.765**), TDS (0.666**), turbidity (0.961**), pH
(0.427*) and BOD (0.922**), and a positive correlation with chloride, TA and TH.
On the contrary, a negative and significant correlation of Phosphate-P was
established with DO (-0.864**), and a negative correlation with acidity.The
correlation coefficient between different parameters and sites has been given in
Appendix 2 to 5.

Statistically, two-way ANOVA on Phosphate-P content of water as a function
of variation between sites (F=198.03, p<0.05) and between seasons (F=112.07,
p<0.05) is found to be significant.
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Table 4.12: Two-way ANOVA for Phosphate-P content of water.

Source of
Variation SS df MS F P-value F crit
2.18E-
Between sites 0.022905 3 10.007635 | 198.0274 06 | 4.757062663
1.77E-
Between season | 0.008642 2 1 0.004321 | 112.0656 05| 5.14325285
Error 0.000231 6 | 3.86E-05
Total 0.031778 11
4.1.13 Nitrite

The nitrite content of water ranged from 0.012 mgL* (Site 1 in Post-monsoon

season) to 0.087 mgL™? (Site 4 in Monsoon season) during 2016-17. Subsequently,

during 2017-2018, the values were between 0.008 mgL™ (Site 1 in Post-monsoon

season) to 0.045 mgL™* (Site 3 & 4 in Monsoon season). Overall findings state range

of nitrite as 0.008 mgL* to 0.087 mgL™. The nitrite values were found to be highest

during monsoon season and lowest during post-monsoon season in both the years

(Fig. 4.13).
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Fig. 4.13: Seasonal variation in Nitrite content of water at selected study sites.

A positive and significant correlation of temperature was established with
temperature (0.786**), EC (0.853**), TDS (0.694**), turbidity (0.962**), BOD
(0.934**) and phosphate (0.949**), and a positive correlation with pH, chloride, TA

and TH. On the contrary, a negative and significant correlation of Nitrite was
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established with DO (-0.899**) content. The correlation coefficient between
different parameters and sites during the study period has been given in Appendix 2
to 5.

Statistically, two-way ANOVA on nitrite of water as a function of variation
between sites (F=38.51, p<0.05) and between seasons (F=44.38, p<0.05) is found to
be significant.

Table 4.13: Two-way ANOVA for Nitrite content of water.

Source of
Variation SS df MS F P-value F crit

Between sites 0.002281 3| 0.00076 | 38.50686 | 0.000258 | 4.757062663
Between season | 0.001753 2 | 0.000876 | 44.38375 | 0.000254 | 5.14325285
Error 0.000118 6 | 1.97E-05

Total 0.004152 11

4.2 Linear Regression Analysis between water quality characteristics

Linear regression is used to get an indication of water quality by determining
a few factors experimentally. The regression equation graph was plotted for the pairs
of parameters possessing high and significant correlation. The regression equation so
obtained can be used to estimate the unknown values (independent variable) by
substituting the known values (dependent variable) in the equation. The value of R?
or the square of the correlation from the regression analysis was used to show how
strong the correlation and relationship between the variables X and Y are? The value
is a fraction between 0.0 and 1.0, where R? value of 1.0 means that the correlation
becomes strong and all points lie on a straight line and R? value of 0.0 means that

there is no correlation and no linear relationship between X and Y.

Linear regression model at Site 1 was plotted for Temperature (dependent
variable) with BOD, phosphate and nitrite (independent variables); EC (dependent
variable) with phosphate-P and nitrite (independent variables); TDS (dependent
variable) with DO (independent variable); Turbidity (dependent variable) with BOD
and Phosphate-P (independent variables); DO (dependent variable) with Total
Alkalinity, Total Hardness and Nitrite (independent variables); Chloride (dependent
variable) with Total Hardness (independent variable); Total Alkalinity (dependent

variable) with Total Hardness (independent variable); BOD (dependent variable)
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with Phosphate-P and Nitrite (independent variables); Total Hardness (dependent
variable) with Nitrite (independent variable); and Phosphate-P (dependent variable)
with Nitrite (independent variable). Fig. 4.14(a) to 4.14(j).
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Fig. 4.14(a): Plots of water quality parameters as a linear regression model at Site 1.

The regression equations for the linear regression model [Fig. 4.14(a)] are:
BOD = 0.1688 Temperature - 1.6362
This depicts that as temperature increase BOD will also increase gradually
Phosphate = 0.0109 Temperature - 0.1808
This depicts that as temperature increase Phosphate will also increase gradually
Nitrite = 0.0038 Temperature - 0.0578

This depicts that as temperature increase Nitrite will also increase gradually
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Fig. 4.14(b): Plots of water quality parameters as a linear regression model at Site 1.

The regression equations for the linear regression model [Fig. 4.14(b)] are:
Phosphate= 0.0004EC + 0.0069

This depicts that as EC increase Phosphate will also increase.

Nitrite = 0.0002EC + 0.0067

This depicts that as temperature increase Nitrite will also increase.
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Fig. 4.14(c): Plots of water quality parameters as a linear regression model at Site 1.

The regression equation for the linear regression model [Fig. 4.14(c)] is as

follows:
DO =-0.0794TDS + 9.1306
This depicts that as TDS increases, DO decreases.
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The regression equations for the linear regression model [Fig. 4.14(d)] are:
BOD = 0.8106Turbidity - 0.8533
This depicts that as Turbidity increases, BOD increases gradually.
Phosphate = 0.0456 Turbidity - 0.1088

This depicts that as Turbidity increases, Phosphate increases gradually.
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Fig. 4.14(e): Plots of water quality parameters as a linear regression model at Site 1

The regression equations for the linear regression model [Fig. 4.14(e)] are:
Total hardness= 10.228DO - 39.675
This depicts that as DO increases, Total hardness also increases gradually.
Total Alkalinity = 33.84DO - 176.03
This depicts that as DO increases, Total alkalinity also increases gradually.
Nitrite= -0.0117DO+ 0.1013

This depicts that as DO increases, Nitrite decreases.

51



w = =
[¥,] = [¥,]
o
@
o}

w
(=]

(%)
u

..-Tot. hardness = 2.1011Chloride + 17.406

. R?=0.9183
o | | T T e Chloride-Tot. hardness

Tot. Hardness (mgL1)
[ ¥
[¥;] o

=
o

[V,

0 2 4 6 8 10 12 14
Chloride (mgL?)

Fig. 4.14(f): Plots of water quality parameters as a linear regression model at Site 1.

The regression equation for the linear regression model [Fig. 4.14(f)] is
Total Hardness = 2.1011Chloride + 17.406

This depicts that as Chloride increases, total hardness also increases.
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Fig. 4.14(g): Plots of water quality parameters as a linear regression model at Site.
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The regression equation for the linear regression model [Fig. 4.14(g)] is
Total Hardness = 0.2559Tot. Alkalinity + 16.584

This depicts that as Total alkalinity increases, total hardness also increases.
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Fig. 4.14(h): Plots of water quality parameters as a linear regression model at Site 1.

The regression equations for the linear regression model [Fig. 4.14(h)] are as
follows
Phosphate-P = 0.0625BOD - 0.0714
This depicts that as BOD increases, Phosphate-P also increases gradually.
Nitrite = 0.022BOD - 0.0196
This depicts that as BOD increases, Nitrite also increases gradually.
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Fig. 4.14(i): Plots of water quality parameters as a linear regression model at Site 1.

The regression equation for the linear regression model [Fig. 4.14(i)] is
Nitrite= -0.0009 Total Hardness + 0.0483

This depicts that as Total Hardness increases, Nitrite decreases.
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Fig. 4.14()): Plots of water quality parameters as a linear regression model at Site 1.

The regression equation for the linear regression model [Fig. 4.14(j)] is
Nitrite = 0.3582Phosphate + 0.0054

This depicts that as Phosphate increases, Nitrite also increases.

The linear regression model at Site 2 was plotted for Temperature (dependent
variable) with EC, TDS, DO and BOD (independent variables); EC (dependent
variable) with TDS and DO (independent variables); Turbidity (dependent variable)
with DO, BOD, Phosphate-P and Nitrite (independent variables); DO (dependent
variable) with BOD, Phosphate-P and Nitrite (independent variables); BOD
(dependent variable) with Phosphate-P and Nitrite (independent variables); and
Phosphate-P (dependent variable) with Nitrite (independent variable). Fig. 4.15(a) to
4.15(f).

55



=
o
=]
o

®
140 RS 7
DO = -0@101EC + 8.2163 o
- e .-t
120 R®=0.7161 5
®
100 5
3 o W eesessees EC-TDS
E 80 TDS = 0.3781EC + 38.491 4 E
a8 R?=0.7999 Q EC-DO
= a
60 3
40 2
20 1
0 0
0 50 100 150 200 250 300

EC(ps)

Fig. 4.15(a): Plots of water quality parameters as a linear regression model at Site 2.

The regression equations for the linear regression model Fig. 4.15(a) are:
DO =-0.0101EC + 8.2163

This depicts that as EC increases, DO decreases.

TDS = 0.3781EC + 38.491

This depicts that as EC increases, TDS also increases.
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Fig. 4.15(b): Plots of water quality parameters as a linear regression model at Site 2.

The regression equations for the linear regression model [Fig. 4.15(b)] are:
TDS = 8.8948Temperature - 93.741

This depicts that when temperature increases, TDS also increases gradually.
EC=20.047temperature - 268.41

This depicts that when temperature increases, EC also increases gradually.
DO = -0.2623temperature + 12.333

This depicts that when temperature increases, DO decreases.

BOD= 0.2688 temperature - 3.8182

This depicts that when temperature increases, BOD also increases gradually.
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Fig. 4.15(c): Plots of water quality parameters as a linear regression model at Site 2.

The regression equations for the linear regression model [Fig. 4.15(c)] are:
DO=-0.6089 Turbidity+ 9.3157

This depicts that when Turbidity increases, DO decreases.
BOD = 0.6874 Turbidity- 1.0503

This depicts that when Turbidity increases, BOD also increases gradually.
Phosphate-P = 0.0541 Turbidity - 0.1419

This depicts that when Turbidity increases, Phosphate-P also increases gradually.
Nitrite = 0.0209 Turbidity - 0.0574

This depicts that when Turbidity increases, Nitrite also increases gradually.
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Fig. 4.15(d): Plots of water quality parameters as a linear regression model at Site 2.

The regression equations for the linear regression model [Fig. 4.15(d)] are:
BOD =-1.0884DO + 9.2148
This depicts that when DO increases, BOD decreases.
Phosphate-P = -0.0783DO + 0.6206
This depicts that when DO increases, Phosphate-P decreases.
Nitrite = -0.0313DO + 0.2433

This depicts that when DO increases, Nitrite decreases.
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Fig. 4.15(e): Plots of water quality parameters as a linear regression model at Site 2.

The regression equations for the linear regression model [Fig. 4.15(e)] are:
Phosphate-P = 0.0748BOD- 0.055
This depicts that when BOD increases, Phosphate-P also increases gradually.
Nitrite = 0.0282BOD - 0.0218

This depicts that when BOD increases, Nitrite also increases gradually.
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Fig. 4.15(f): Plots of water quality parameters as a linear regression model at Site 2.

The regression equation for the linear regression model [Fig. 4.15(f)] is:
Nitrite = 0.3539Phosphate + 0.0016

This depicts that when phosphate increases, nitrite also increases.

The linear regression model at Site 3 was plotted for Temperature (dependent
variable) with EC, TDS, DO and BOD (independent variables); EC (dependent
variable) with TDS, DO and BOD (independent variables); Turbidity (dependent
variable) with BOD, Phosphate-P and Nitrite (independent variables); DO
(dependent variable) with BOD and Nitrite (independent variables); BOD (dependent
variable) with Phosphate-P and Nitrite (independent variables); Chloride (dependent
variable) with Total Hardness (independent variable); and Phosphate-P (dependent
variable) with Nitrite (independent variable) Fig. 4.16(a) to 4.16(Q).
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Fig. 4.16(a): Plots of water quality parameters as a linear regression model at Site 3.

The regression equations for the linear regression model [Fig. 4.16(a)] are:
DO=-0.0099EC + 8.2519
This depicts that as EC increases, DO decreases.
TDS=0.3834EC + 37.636
This depicts that as EC increases, TDS also increases.
BOD = 0.0119EC + 0.0217

This depicts that as EC increases, BOD also increases.
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Fig. 4.16(b): Plots of water quality parameters as a linear regression model at Site 3.

The regression equations for the linear regression model [Fig. 4.16(b)] are:
TDS= 8.714temperature - 88.799

This depicts that as Temperature increases, TDS also increases gradually.
EC = 18.262temperature - 225.65

This depicts that as Temperature increases, EC also increases gradually.
DO= -0.2183temperature + 11.356

This depicts that as Temperature increases, DO decreases.
BOD = 0.259temperature - 3.6382

This depicts that as Temperature increases, BOD also increases gradually.
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Fig. 4.16(c): Plots of water quality parameters as a linear regression model at Site 3.

The regression equations for the linear regression model [Fig. 4.16(c)] are:
BOD= 0.6843 Turbidity - 1.2041

This depicts that as Turbidity increases, TDS also increases gradually.
Phosphate-P = 0.0547 Turbidity- 0.1524

This depicts that as Turbidity increases, Phosphate-P also increases gradually.
Nitrite= 0.0211 Turbidity- 0.0614

This depicts that as Turbidity increases, Nitrite also increases gradually.
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Fig. 4.16(d): Plots of water quality parameters as a linear regression model at Site 3.

The regression equations for the linear regression model [Fig. 4.16(d)] are:
BOD =-1.1565DO + 9.6477
This depicts that as DO increases, BOD decreases.
Nitrite = -0.0305DO + 0.2409

This depicts that as DO increases, Nitrite decreases.
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Fig. 4.16(e): Plots of water quality parameters as a linear regression model at Site 3.
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The regression equations for the linear regression model [Fig. 4.16(e)] are:
Phosphate-P=0.0681 BOD - 0.0278
This depicts that as BOD increases, Phosphate-P also increases gradually.
Nitrite= 0.028BOD - 0.0176

This depicts that as BOD increases, Nitrite also increases gradually.

160

Tot. hardness= 1.5226Chloride + 44.566

140 -
R?=0.7199 e

120
100
80 .

. --------- Chloride-Tot. hardness
60

Tot. hardness (mglL?)

40
20

0 10 20 30 40 50 60 70
Chloride (mgL?)

Fig. 4.16(f): Plots of water quality parameters as a linear regression model at Site 3.

The regression equation for the linear regression model [Fig. 4.16(f)] is:
Total Hardness= 1.5226 Chloride + 44.566

This depicts that as Chloride increases, Total Hardness also increases.
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Fig. 4.16(g): Plots of water quality parameters as a linear regression model at Site 3.

The regression equation for the linear regression model [Fig. 4.16(9)] is:
Nitrite = 0.3491phosphate+ 0.0023

This depicts that as Phosphate-P increases, Nitrite also increases.

The linear regression model at Site 4 was plotted for Temperature (dependent
variable) with EC and TDS (independent variables); EC (dependent variable) with
TDS (independent variable); TDS (dependent variable) with pH (independent
variable); Turbidity (dependent variable) with DO, BOD, Phosphate-P and Nitrite
(independent variables); DO (dependent variable) with BOD, Phosphate-P and
Nitrite (independent variables); BOD (dependent variable) with Phosphate-P and
Nitrite (independent variables); Chloride (dependent variable) with Total Hardness
(independent variable); and Phosphate-P (dependent variable) with Nitrite
(independent variable). Fig. 4.17(a) to 4.17(h).
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Fig. 4.17(a): Plots of water quality parameters as a linear regression model at Site 4.

The regression equations for the linear regression model [Fig. 4.17(a)] are:
TDS = 8.723Temperature - 90.129
This depicts that as Temperature increases, TDS also increases gradually.
EC = 18.7 Temperature - 237.87
This depicts that as Temperature increases, EC also increases gradually.
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Fig. 4.17(b): Plots of water quality parameters as a linear regression model at Site 4.

The regression equation for the linear regression model [Fig. 4.17(b)] is:
TDS = 0.3802EC + 38.199

This depicts that as EC increases, TDS also increases.
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Fig. 4.17(c): Plots of water quality parameters as a linear regression model at Site 4.

The regression equation for the linear regression model [Fig. 4.17(c)] is:
pH =-0.0083TDS + 8.4872

This depicts that as TDS increases, pH decreases.
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Fig. 4.17(d): Plots of water quality parameters as a linear regression model at Site 4.
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The regression equations for the linear regression model [Fig. 4.17(d)] are:
DO =-0.5918 Turbidity + 9.4769
This depicts that as Turbidity increases, DO decreases.
BOD = 0.5681Turbidity - 0.6179
This depicts that as Turbidity increases, BOD also increases gradually.
Phosphate = 0.0526 Turbidity - 0.1412
This depicts that as Turbidity increases, Phosphate-P also increases gradually.
Nitrite = 0.0214 Turbidity - 0.0632

This depicts that as Turbidity increases, Nitrite also increases gradually.
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Fig. 4.17(e): Plots of water quality parameters as a linear regression model at Site 4.

The regression equations for the linear regression model [Fig. 4.17(e)] are:
BOD =-0.9232DO + 8.2456

This depicts that as DO increases, BOD decreases.

Phosphate-P = -0.0815 DO+ 0.6542

This depicts that as DO increases, Phosphate-P decreases.

Nitrite = -0.032DO + 0.2533

This depicts that as DO increases, Nitrite decreases.
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Fig. 4.17(f): Plots of water quality parameters as a linear regression model at Site 4.
The regression equations for the linear regression model [Fig. 4.17(f)] are:
Phosphate = 0.0884 BOD - 0.0743
This depicts that as BOD increases, phosphate also increases gradually.

Nitrite = 0.0318BOD- 0.0257
This depicts that as BOD increases, Nitrite also increases gradually.
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Fig. 4.17(g): Plots of water quality parameters as a linear regression model at Site 4.

The regression equation for the linear regression model [Fig. 4.17(d)] is:
Total Hardness= 3.2914 Chloride + 9.4811

This depicts that as Chloride increases, Total Hardness also increases.
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Fig. 4.17(h): Plots of water quality parameters as a linear regression model at Site 4.
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The regression equation for the linear regression model [Fig. 4.17(h)] is
Nitrite = 0.3612 Phosphate-P + 0.0007

This depicts that as Phosphate-P increases, Nitrite also increases.

4.3 Water Quality Index (WQI)

The WQI of Serlui-A river was calculated to determine the impact of
pollutants on the water quality and the suitability of the river water for drinking
purpose. The recommending agencies, standard values and their corresponding ideal
values, and k value of water quality parameters are presented in Table 4.14. The
calculation was done following Arithmetic Index method (Table 4.15 to Table
4.18).

Table 4.14: Recommending agencies, Standard values and their corresponding
ideal values, and k value of water quality parameters

Sl Recommending | Standard Ideal value

No | Parameters agencies Values (Sn) | (Vig) k value
1 |EC ICMR 300 0 0.094
2 TDS ICMR/BIS 500 0 0.094
3 pH ICMR/BIS 7.5 7 0.094
4 DO ICMR/BIS 5 14.6 0.094
5 BOD ICMR 5 0 0.094
6 Chloride ICMR 250 0 0.094
7 Tot. Alkalinity ICMR 120 0 0.094
8 Tot. hardness ICMR/BIS 300 0 0.094
9 Phosphate USPH 0.1 0 0.094

The WQI at Site 1 was found to be 35. The calculation reveals that the water
quality of Site 1 (Reference/Control site) falls within Grade B (26-50) of the water
quality classification based on weighted arithmetic WQI method as given in Table

4.15. It therefore, indicates that the water of Site 1 is of good quality.

The WQI at Site 2, Site 3 and Site 4 were found to be 132, 132, and 133,
respectively. The calculation reveals that the water quality of Site 2, Site 3 falls
within Grade E (>100) of the water quality classification based on weighted
arithmetic WQI method as given in Table 4.16, 4.17 and 4.18.
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Table 4.15: Water Quality Index (WQI) at Site 1.

Parameters | Sy Ideal Weight | Observed Unit gn=(Vn- Whan
value value (wi) values(Vy) | weight Via)/(Sn-
Vid (Wn) Vid)XlOO

EC 300 0 | 0.094 5 66.683 | 0.00031 | 22.22778 0.00696

TDS 500 0 | 0.094 4 24.950 | 0.00019 4.99000 0.00094

pH 7.5 7 | 0.094 4 6.950 | 0.01253 | -10.00000 | -0.12533

DO 5 14.6 | 0.094 5 7.150 | 0.01880 | 77.60417 1.45896

BOD 5 0 | 0.094 5 1.650 | 0.01880 | 33.00000 0.62040

Chloride 250 0 | 0.094 3 1.650 | 0.00038 0.66000 0.00025

Tot.

Alkalinity 120 0 | 0.094 2 65.933 | 0.00078 | 54.94444 0.04304

Tot.

hardness 300 0 | 0.094 2 33.455 | 0.00031 | 11.15167 0.00349

Phosphate 0.1 0 | 0.094 2 0.035 | 0.94000 | 34.83333 | 32.74333

>W,=0.992107 EWn(n=34.75204
WQI=35.02851
Table 4.16: Water Quality Index (WQI) at Site 2.
ideal unit gn=(Vn-
value k weight | observed weight Vid)/(Sn-
Parameters | Sy Vid value | (w;) values (Vn) | (Wn) Vid)x100 | Wq0n
EC 300 0| 0.094 5 200.355 0.00031 66.785 | 0.02093
TDS 500 0| 0.094 4 114.250 0.00019 22.85 | 0.00430
pH 7.5 7 | 0.094 4 7.467 0.01253 | 93.33333 | 1.16978
DO 5 14.6 | 0.094 5 6.200 0.01880 87.5 | 1.64500
BOD 5 0| 0.094 5 2.450 0.01880 49 | 0.92120
Chloride 250 0| 0.094 3 2.450 0.00038 0.98 | 0.00037
Tot.
Alkalinity 120 0| 0.094 2 133.667 0.00078 | 111.38889 | 0.08725
Tot.
hardness 300 0| 0.094 2 80.722 0.00031 | 26.90722 | 0.00843
Phosphate 0.1 0| 0.094 2 0.135 0.94 135 | 126.90
>W,=0.992107 >Wn(n=130.7573
WQI=131.7975
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Table 4.17: Water Quality Index (WQI) at Site 3.

Parameters | Sy ideal | k weight | observed | unit gn=(Vn- Wh(n

value | value | (w) values weight | Vig)/(Sn-

Vid (Vn) (Wn) Vid)Xloo
EC 300 0 | 0.094 5 200.167 | 0.00031 | 66.72222 0.02091
TDS 500 0 | 0.094 4 114.383 | 0.00019 | 22.87667 0.00430
pH 7.5 7 | 0.094 4 7.517 | 0.01253 | 103.33333 1.29511
DO 5 14.6 | 0.094 5 6.267 | 0.01880 | 86.80556 1.63194
BOD 5 0 | 0.094 5 2.317 | 0.01880 | 46.33333 0.87107
Chloride 250 0 | 0.094 3 2.317 | 0.00038 0.92667 0.00035
Tot.
Alkalinity 120 0 | 0.094 2 135.992 | 0.00078 | 113.32639 0.08877
Tot.
hardness 300 0 | 0.094 2 87.300 | 0.00031 | 29.10000 0.00912
Phosphate 0.1 0 | 0.094 2 0.136 0.94 | 135.66667 | 127.52667

XW,;=0.992107 XWn(n=131.4482
WQI=132.494

Table 4.18: Water Quality Index (WQI) at Site 4.
Parameters | Sy ideal k weight | observed | unit gn=(Vn- Wh(n

value | value | (w) values weight Via)/(Sn-

Vig (Wn) Vid)XlOO
EC 300 0| 0.094 5| 201.267 | 0.00031 67.08889 0.02102
TDS 500 0| 0.094 4| 114.717 | 0.00019 22.94333 0.00431
pH 7.5 7 | 0.094 4 7.600 | 0.01253 | 120.00000 1.50400
DO 5 14.6 | 0.094 5 6.350 | 0.01880 85.93750 1.61563
BOD 5 0| 0.094 5 2.300 | 0.01880 46.00000 0.86480
Chloride 250 0| 0.094 3 2.300 | 0.00038 0.92000 0.00035
Tot.
Alkalinity 120 0| 0.094 2 | 129.100 | 0.00078 | 107.58333 0.08427
Tot.
hardness 300 0 | 0.094 2 91.767 | 0.00031 30.58889 0.00958
Phosphate 0.1 0| 0.094 1 0.137 0.94 | 136.50000 | 128.31000

YW,=0.992107 YWn0n=132.414
WQI=133.4674

Based on Water Quality Index analysis, it can be argued that the water is unfit

for direct use at Site 2, Site 3 and Site 4. However, Site 1 possessed good water

quality which can be recommended for use. Table 4.19.
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Table 4.19: Status of Water at Selected Study Sites based on Water Quality
Index (WQI).

Grade WQI Status Serlui-A grade
A 0-25 Excellent water quality

B 26-50 Good water quality Site 1

C 51-75 Poor water quality

D 76-100 Very poor water quality

E >100 Unsuitable for drinking Site 2,3 and 4

4.4 Distribution of Macrophytes
All together a total of 17 macrophytes were reported from the study sites. The

study Site 1 was represented by 6 species namely Ageratum conyzoides, Colocasia
affinis, Commelina benghalensis, Juncus effuses, Murdannia nudiflora, and
Polygonum barbatum. However, Site 2, 3 and 4 by 15 species each namely Ageratum
conyzoides, Alternanthera sessilis, Canna indica, Colocasia affinis, Cynodon
dactylon, Cyperus scariosus, Dichrocephala integrifolia, Drymaria cordata,
Echinochloa stagmina, Eichhornia crassipes, Murdannia nudiflora, Pistia stratoise
Polygonum barbatum, Polygonum hydropiper and Pteridium aquilinum. Commelina
benghalensis and Juncus effuses were present only at Site 1. Four species namely
Ageratum conyzoides, Colocasia affinis, Murdannia nudiflora and Polygonum
barbatum were found at all study Sites. The species present at Site 1 (Control Site)
only, may be regarded as pollution sensitive species and referred to as pollution

indicator, as they are unable to survive in polluted water at other sites. Table 4.20.
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Table 4.20: Distribution of macrophytes at selected study sites.

ﬁllo. Scientific names Family Life form f'te g'te g'te lelte

1 Ageratum conyzoides L. Asteraceae Emergent | + + + +

2 Alternanthera sessilis (L.) R.Br. | Amaranthaceae Emergent | - + + +
ex DC.

3 Canna indica L. Cannaceae Emergent | - + + +

4 Colocasia affinis Schott. Araceae Emergent | + + + +

5 Commelina benghalensis Linn. | Commelinaceae Emergent | + - - -

6 Cynodon dactylon (L.)Pers Poaceae Emergent | - + + +

7 Cyperus scariosus R.BR. Cyperaceae Emergent | - + + +

8 Dichrocephala integrifolia Asteraceae Emergent | - + + +
(L.f)Kuntze

9 Drymaria cordata Linn. Caryophyllaceae Emergent | - + + +

10 | Echinochloa stagmina (Retz.) Poaceae Emergent | - + + +
P. Beauv.

11 | Eichhornia crassipes (Mart.) Pontederiaceae Free - + + +
Solms floating

12 | Juncus effuses L. Juncaceae Emergent | + - - -

13 Murdannia nudiflora (L.) Araceae Emergent | + * * *
Brenan.

14| pistia stratoise Linn. Araceae Free i S I

floating

15 | Polygonum barbatum L. Plygonaceae Emergent | + + + +

16 | Polygonum hydropiper L. Polygonaceae Emergent | - + + +

17 | Pteridium aquilinum (L.) Kuhn | Polypodiaceae Emergent | - + + +
Abbreviations: +, Presentand -, Absent.

S
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CHAPTER-5

DISCUSSION

5.1 Impacts of Pollutants on Water Quality Characteristics

Water pollution is the contamination of water by foreign matter such as
microorganisms, chemicals, industrial or other wastes, or sewage that deteriorate the

quality of the water and renders it unfit for its intended uses.

Water quality deals with the physical, chemical and biological characteristics
in relation to all other hydrological properties. The physico-chemical and biological
characteristics of water determine the health of an aquatic ecosystem
(Venkatesharaju et al., 2010). The major concerns in terms of water quantity and
quality are unequal distribution of water on the surface of the earth and fast declining

availability of useable fresh water (Boyd and Tucker, 1998).

The river water quality is of paramount importance as river water is generally
used for drinking domestic and residential water supplies, agriculture (irrigation),
hydroelectric power plants, transportation and infrastructure, tourism, recreation, and

other human or economic ways to use water (Venkatramanan et al., 2014).

The first criterion for drinking water was reported in the year 1921 when the
United States published USPH standard for drinking water, which specify only
bacteriological parameters. Since then, various scientific agencies like World Health
Organization (WHO, 2008), Bureau of Indian Standards (BIS, 2003), United State
Public Health (USPH, 1962), Indian Council of Medical Research (ICMR, 1996)
have established water quality standards for different parameters. The water quality
standards for potable water given by various scientific agencies are presented in
Table 5.1.
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Table 5.1: Water quality standards for different physico chemical parameters and
range of values in present investigation.

Parameter Water Quality Standards Water quality

range during
BIS ICMR USPH WHO present

investigation

Temperature (°C) - - - - 16.7-26.7

EC (uS) - - 300 - 23-277.2

TDS (mgL™?) - 500-1500 - 500 24.7-148.5

Turbidity (NTU) 10 - - - 2.3-5

pH (nano mole L) 6.5-8.5 7-8.5 6.5-8.5 6.5-8.5 6.1-7.9

DO (mgL?) >5 - >4 - 5-7.9

BOD (mgL™) <3 - - - 1.1-3.8

Chloride(mgL™* 250 120 250 200 1.3-44

CaCQ0s)

Total Alkalinity 200 120 - - 25.6-200

(mgL™ CaCO3)

Acidity(mgL? - - - - 3.4-9

CaCQ0s)

Total hardness (mgL™ | - 300 500 - 18-141

1 CaCOy3)

Phosphate-P (mgL?) | - - 0.1 - 0.005-0.246

Nitrite-N (mgL1) 0.008-0.087

-, Value not available.
5.1.1 Temperature

Water is an important factor which has a profound influence on the
biochemical, chemical and biological characteristic of the aquatic system and is
known to influence the pH, alkalinity and DO concentration in water (Kumar et al.,
2010). Temperature a direct effect on aquatic life because it reduces the dissolved
oxygen (DO) concentration in the water, thus making oxygen less available for
respiration (Firozia and Sanalkumar, 2013). The variation of water temperature
usually depends on the season, geographic location, ambient air temperature and
chemical reaction in water body (Ahipathi and Puttaiah, 2006). The temperature in

aquatic ecosystem rarely exceeds 37°C (Warren, 1971).

The temperature was found to be high in Monsoon season for both the years.

This may be due to the discharge of organic matters through surface runoff and
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subsequently the release of catabolic energy in the form of heat due to microbial
decomposition resulting in the increase of water temperature. The control site (Site 1)
possessed lower temperature as compared to the other sites for all the seasons.
Similar findings were made by Mishra and Tripathi (2000, 2001 and 2003), Zafar
and Sultana (2008), Singh and Gupta (2010 a), Lalparmawii (2012), Khatoon et al.,
(2013), Mishra and Premeshowr (2014),) Sunar and Mishra (2016) and Karmakar
and Biswas (2016).

5.1.2 Electrical Conductivity

Electrical conductivity (EC) is a measure of the capacity of an aqueous
solution to carry an electric current, and is dependent on the concentration of ions
and nutrients load such as chloride, nitrate, phosphate, and sulphate. EC is an
excellent indicator of TDS, which measures the salinity which affects the taste of
potable water. EC increases with increase in TDS. Higher the value of TDS in water,
greater is the amount of ions (Bhatt et al., 1999). Conductivity in water is primarily
determined by the presence and levels of concentration of sodium and magnesium
ions and to some degree calcium ions. These ions help lessen the effect of
bicarbonate and carbonate ions and thus maintain the pH (lkhuoriah and Oronsaye,
2016).

EC values was found to be high during Monsoon season and low during Post-
Monsoon season. Increased EC content during rainy season may be due to the high
concentration of dissolved solids, decomposition and mineralization of organic
matters while lower value during post-monsoon season may be attributed to the
presence of low inorganic material followed by low ionic state. The control site
possessed lower value as compared to all the other sites. The values fall within the
permissible limit given by USPH. Similar trend of observations was made by Mishra
and Tripathi (2000, 2001, 2003), Drusilla et al., (2005), Singh et al., (2010 b), Yadav
and Srivastava (2011) and Khatoon et al., (2013).

5.1.3 Total Dissolved Solids

TDS is the measure of impurities of water in a dissolved state. Increase in

TDS content indicates pollution by extraneous sources (Kataria et al., 1996). The
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high amount of dissolved, suspended and total solids in water samples adversely
affects the quality of running water and makes it unsuitable for irrigation and
drinking purposes. The TDS content in water vary from season to season and affects
the density of water and thereby the quality of water (Imtiyaz et al., 2012). The high
concentration of TDS leads to an increase in the nutrient status of water, resulting in
eutrophication of aquatic bodies (Singh and Mathur, 2005).

The TDS value was found to be higher during Monsoon season and lower
during Post-monsoon season. Higher values during rainy season may be due to
runoff of materials from the catchment areas and erosion of the river bank. The
values during the assessment period lie within the prescribed limit given by ICMR
and WHO. Similar trend of result were observed by Tiwari (2005), Singh et al.,
(2010 b), Imtiyaz et al., (2012), Das et al., (2014), Singh and Sharma (2016), Pawar
and Shendge (2016) and Rout et al., (2016).

5.1.4 Turbidity

Turbidity of water influences the light penetration inside water and thus
affect the aquatic life. Turbidity showed an inverse relationship with light penetration
I.e., when turbidity is low, light penetration is high and vice versa. It is mainly due to
the presence of suspended solids, organic colloidal substances and coarse dispersion
of sewage (Kataria, 1995). Increase in water turbidity can be attributed to soil erosion
caused by heavy rain that brought sand, silt and other organic debris from the

surrounding mountains (Eyarin Jehamalar et al., 2010; Munshi et al., 1991).

The turbidity of water was found to be higher during Monsoon season.
Monsoon season shows higher turbidity values due runoffs as it carries many
particles like sand, clay silts, agricultural runoffs etc. The values at all sites during all
the seasons during the study period fall within the permissible limit given by BIS.
Similar results were found by Joshi et al., (2009), Trivedi et al., (2010), Gangwar et
al., (2012), Singh et al., (2012), Thasangzuala and Mishra (2014), Sunar (2018) and
Padmaja, (2019).
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5.1.5 pH

pH range measures the presence of hydrogen ion concentration. The pH of
water is of great practical importance as most of the chemical and biochemical
reaction are influenced by it. Most of the acids have an adverse effect below pH 5
and alkalis above the pH 9.5 (Abed and Jazie, 2014) while a greater toxicity is
observed in acidic water than in alkaline water (Singh et al., 1989). Since most of the
metabolic activities aquatic organisms are pH dependent, it affects the chemical and
biological processes of aquatic ecosystems like growth of aquatic biota especially

fish population (Jehangir et al., 2011).

pH value was found to be higher during Post-monsoon season and lower
during monsoon season. Low pH may be due to atmospheric dissolution leading to
high concentration of carbon dioxide (Neal et al., 1998). The pH range between 6.7
and 8.4 is considered to be safe for aquatic life to maintain productivity (Krishnaram
et al., 2007). During the assessment period the range of pH was 6.1 to 7.9. The water
was found to be slightly acidic in Site 1 during the year 2017-2018 and this can be
attributed to the deposition of acid forming substances and high organic content
which results into decrease in pH because of the carbonate chemistry (Fella et al.,
2013). Similar results were observed by Bhanja and Patra (2000), Mishra and
Tripathi (2000,2001, 2003), Prasannakumari et al., (2003), Gandotra et al., (2008),
Suresh et al., (2011), Khatoon et al., (2013) and Selakoti and Rao (2015).

5.1.6 Dissolved Oxygen

DO content plays an important role in supporting aquatic life and is sensitive
to slight environment changes. High community respiration results in oxygen
depletion and hence DO has been extensively used as a parameter to define water
quality and to evaluate the degree of freshness of a river (Fakayode, 2005).
Photosynthesis, chemical oxidation, exchange of oxygen between water and
atmosphere and respiration of plants and bacteria in water are among the numerous
factors that alter the DO content of water. (Rawson, 1937). DO content in water is
directly or indirectly dependent on water temperature, partial pressure of air etc.
(Chaurasia and Pandey, 2007).
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The DO content was found to be high during Post-monsoon season and lower
during Monsoon season for both the years. Higher value of DO during Post-monsoon
season may be due to its greater solubility, reduced microbial decomposition of dead
organic matter and low organism respiratory demand at low temperature and
increased progressive growth of submerged macrophytes while lower oxygen content
during monsoon season may be due to low water, high temperature and decay of
macrovegetation. The value of DO during the study period range from 5 mgL™ and
7.9mg L and was found to be within the permissible limit given by different
scientific agencies. Mishra and Tripathi (2001, 2003), Jitendra et al., (2008),
Srivastava et al., (2009), Yadav and Srivastava (2011), and Rios- Villamizar et al.,

(2017) made similar observation.

5.1.7 Biological Oxygen Demand

Biological Oxygen Demand (BOD) is an important parameter of surface
water quality which indicates the level of organic matter contamination in surface
water (Kumari and Chaurasia, 2015). Biological Oxygen Demand (BOD) indicates
the level of organic matter contamination in surface water (Metclaf and Eddy, 2003).
Low BOD content indicates good quality water, while a high BOD indicates polluted
water. As the oxygen available in the water get consumed by the bacteria, BOD level
increase and DO level decrease (Agarwal and Rozgar, 2010).

BOD was found to be higher during monsoon and lower during post-
monsoon season. Increased BOD content during monsoon season might be due to
addition of more organic matter from surface runoff which leads to acidification of
water due to increase in microbial activities at elevated temperature while lower
values during post-monsoon season may be due to low decomposition rate of organic
matter. All the values during the study period except at Site 2 during Monsoon
season (2016-2017), all lie within the acceptable range. The high value of BOD at
Site 2 during Monsoon season (2016-2017) may be due to more inflow of domestic
waste and sewage. Similar trend was observed by Mishra and Tripathi (2000, 2001),
Lalparmawii and Mishra (2001), Rajiv et al (2012) and Sunar and Mishra (2016).
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5.1.8 Chloride

Chloride occurs naturally in all types of aquatic water bodies and is soluble in
water and moves freely with water through soil and rocks. Chloride in aquatic bodies
are widely distributed in nature as salts of sodium (NaCl), potassium (KCI), and
calcium (CacCl,). Chloride content in water may increase due to decomposition of
organic matter. The greater source of chlorides in water bodies is disposal of sewage
and industrial waste (Sirsath et al., 2006) and the human body release very high

quantity through urine and feces.

The chloride content in water was found to be high during Pre-Monsoon
season and low during Monsoon season. Low values during Monsoon season may be
due to dilution by rainwater and higher values during pre-monsoon season may be
attributed to the release of municipal and agricultural waste. The control site
possessed lower values for all the seasons. All the values during the assessment
period all lie within the prescribed limit as given by different scientific agencies.
Mishra and Tripathi (2000, 2001, 2003), Yadav and Srivastava (2011),
Hafizurrahman et al., (2016) and Rout et al., (2016) reported similar trend of result.

5.1.9 Total Alkalinity

Alkalinity is a measure of the concentration of such ions in water that would
react to neutralize hydrogen ions and is also regarded as a measure of productivity of
natural waters (Erondu and Chindah, 1991) and it reflects carbonate, hydroxide
content, phosphates, sulphates, nitrates of surface water (Shinde et al., 2011). Total
alkalinity of water is primarily caused by the carbonate and bicarbonate ions (Singh
et al, 2010). Schaeperclaus (1990) categorized the aquatic systems into three major

categories based on alkalinity values.
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Water Quality Total Alkalinity values (mgL1CaCOQ3)

Less Productive 0-15
Medium Productive 15-100
Highly Productive 100-250

Alkalinity was reported to be lower during Monsoon season and higher
during Post-monsoon season. During rainy season low values of alkalinity was
possibly due to dilution of river water with rain-water (Yadav and Srivastava, 2011).
Higher values during Post-monsoon season may be attributed to the release of CO;
during decomposition. The CO> thus released reacts with water to form bicarbonate
which is limited to low level of water. On the basis of the above classification, the
water quality falls under medium productive at Site 1 during Pre-monsoon season
(2016-2017), Site 1,2,3 and 4 during Monsoon season (2016-2017) and Site 1 for all
seasons (2017-2018) while Site 2, 3 and 4 during Pre-monsoon season (2016-2017),
Site 1,2,3 and 4 during Post-monsoon season (2016-2017), Site 2,3 and 4 for all the
seasons (2017-2018) fall under highly productive category. All the values during the
study period are within the prescribed values given by scientific agencies. Similar
trend of observations was also reported by Mishra and Tripathi (2000, 2001, 2003),
Ayoade et al., (2009), Gangwar et al., (2012), Khatoon et al., (2013) and Selakoti
and Rao (2015).

5.1.10 Acidity

Acidity of water is its quantitative capacity to react with a strong base to a
designated pH. Acid influences the rate of chemical reactions, chemical speciation
and biological activities. It also contributes to corrosiveness. The major component
which contributes to acidity in natural waters is CO>. Factors like uncombined COo,
organic acids and salts of strong and weak bases are also responsible for acidity of
water (Mishra, 2009). Acidity of water is of two types namely mineral acidity which
has a designated pH<4 and CO which has a designated pH of 8.5 (due to dissolution
of CO2 in water and algal photosynthesis).
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Acidity was found to be higher during Monsoon season and lower during Pre-
monsoon season. CO2 from rainwater as well as high bacterial oxidation with heavier
influx of organic matters from leaching of domestic sewage may lead to high acidity
values while lower acidity values may be due to low rainfall and less organic loads.
The control site possessed higher values as compared to other sites for all the
seasons. This may be due to more inflow of organic substances containing humic
acid from catchment areas. Singh et al., (2010 b), Venkatesharaju et al., (2010),
Lalchhingpuii (2011) and Lalparmawii (2012) also reported similar trend of results.

5.1.11 Total hardness

Total hardness can be defined as the sum of calcium and magnesium
concentrations expressed as CaCOs. The hardness of water indicates water quality
mainly in terms of Ca?* and Mg?" but is not a pollution indicator parameter.
Hardness is a measure of the ability of water to cause precipitation of insoluble
calcium and magnesium salts of higher fatty acids from soap solution (Kalra et al.,
2012). Temporary hardness is due to the presence of bicarbonates of Ca and Mg salts
present in the water where as permanent hardness is due to the presence of chlorides

and sulfates of Ca and Mg ions.

Sawyer (1960) and Saravanakumar and Kumar (2011) have classified water

on the basis of hardness values into four types as follows:

Water Quality Total hardness value (mgL* CaCQOg)
Soft 0to <75

Moderately hard 75 to <150

Hard 150 to <300

Very hard 300 and above

On the basis of the above classification, the water quality falls under soft and
moderately hard. The water quality in Site 1 during all seasons for both years as well
as Site 2, 3 and 4 during monsoon season (2016-2017) and Post-monsoon season
(2017-2018) falls under soft. The water quality in Site 2, 3 and 4 during Post-
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monsoon season (2016-2017), Pre-monsoon season for both the years and monsoon
season (2017-2018) falls under moderately hard. Total hardness value was found to
be higher during Pre-monsoon season as compared to Monsoon and Post-monsoon
season. High value during the pre-monsoon season may be due to evaporation of
water, addition of calcium and magnesium salt from inflow of sewage as well as
soaps and detergents used for washing and bathing whereas excessive dilution by
rainwater during the monsoon can be one of the important factors responsible for
lowering the hardness during monsoon (Bozniak et al., 1968; Chhetry and Pal,
2012). The control site possessed lower values than all the other sites during different
seasons which may be due to least anthropogenic activity. The values during
assessment period all lies within the prescribed limit as given by different scientific
agencies. Similar trend of result was reported by Mishra and Tripathi (2000, 2001,
2003), Singh and Gupta (2010 a), Yadav and Srivastava (2011) and Hafizurrahman
et al., (2016).

5.1.12 Phosphate-P

Phosphorus is one of the limiting nutrients for floral growth in freshwater
bodies which regulate the phytoplankton production (Sharma et al, 2004). The high
concentration of phosphate in the rivers leads to eutrophication and depletion of
dissolved oxygen concentrations (Davie, 2003). The major sources of Phosphate in
water are domestic sewage, agricultural runoff, industrial effluents and fertilizers
(Koshy and Nayar, 2000).

Phosphate-P content was found to be high during Monsoon season and lower
during Pre-monsoon and Post-monsoon season. Increase in phosphorous contents
during rainy season might be possibly due to inflow of water, rich in colloidal clay
particles containing various salts from extraneous sources. Phosphate-P values
recorded were higher at Site 2, 3 and 4 during all seasons than the permissible limit
as given by USPH. High phosphate-P content may be due to agricultural run-off
containing phosphate fertilizers caused by heavy rain and inflow of sewage waste.
Similar trend of result was also observed by Sah et al., (2000), Singh et al., (2010 b),
Lalzahawmi and Mishra (2016) and Singh and Sharma (2016).
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5.1.13 Nitrite-Nitrogen

The determination of the levels of nitrite as nitrogen in surface waters is
usually an important part of basic water quality assessment as its concentration is a
general indicator of the nutrient status and the degree of organic pollution of the
affected water body (Fadiran and Mumba, 2005)

The value of nitrite was found to be higher during monsoon season. This
could be due to variation in phytoplankton excretion, oxidation of ammonia and
reduction of nitrate and by recycling of nitrogen and bacterial decomposition of
planktonic detritus (Asha and Diwakar, 2007) and also due to denitrification and air-
sea interaction exchange of chemicals (Rajasegar, 2003). Similar trend of result was
also observed by Prabu et al., (2008), Manikannan et al (2011) and Fatema et al.,
(2014).

The water quality parameters namely, temperature, EC, TDS, turbidity, DO,
BOD, pH, total hardness, total alkalinity, chloride, phosphate and nitrite all lie within
the permissible limit as given by different scientific agencies except phosphate
values for Site 2, Site 3 and Site 4 during all the seasons. Higher values of phosphate
at these sites may be due to agricultural runoff that contains phosphate fertilizers.
The control site possessed much lower values than other sites may be due to the

lower anthropogenic activity at the site.
5.2 Water quality index

WQIs are particularly useful tools for the qualitative assessment of aquatic
bodies as they provide the opportunity to evaluate existing quality conditions by
classifying water bodies into certain quality categories such as excellent, good, poor,
very poor or unsuitable for drinking (Ishaku et al., 2012; Omonona et al., 2014; Igwe
and Idris, 2019).

The water quality attributes and WQI depict that the river water at Site 1
(Control/Reference Site) is clean, and intensity of pollutants is increased from

upstream to downstream of river (Site 2 to 4)
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The WQI calculated for Site 2, 3 and 4 showed that the water is unsuitable
for drinking while site 1 is of good water quality. The WQI calculated for Serlui-A
river exhibits poor quality of water at Site 2, site 3 and Site 4 when compared to Site
1 indicating the negative impact of pollutants on the water quality. Similar trend of
result was also observed by Sangeeta (2018). The high WQI for site 2, 3 and 4 might
be due to increase value of EC, TDS, chloride, TA, hardness, phosphate and nitrite at

site 2, 3 and 4 as compared to site 1.

WQI allows for a general analysis of water quality on many levels that
affect a stream’s ability to host life and whether the overall quality of water bodies
poses a potential threat to various uses of water (Akkaraboyina and Raju, 2012).

The completed WQI indicates that the water quality at Site 2, 3 and 4 is poor
and not totally safe for human consumption due higher value of EC, TDS, chloride,
TA, hardness, phosphate and nitrite at site 2, 3 and 4 as compared to site 1. So,
proper treatment is highly needed for low risk of immediate or long-term harm.

5.3 Impacts of Pollutants on Distribution of Macrophytes

The variability of macrophytic vegetation in rivers is associated with several
factors like water depth and flow velocity; distance from source, river connectivity,
catchment area; and water conductivity and nutrients (Hrivnak et al., 2007). Swierk
and Krzyzaniak (2019) showed that a statistically significant positive correlation
between air temperature and macrophyte growth concerns only a few species: Juncus
effusus L., Lycopus europaeus L., Polygonum hydropiper L., Glyceria fluitans (L.)
R. Br., and Rumex palustris Sm.

In the present study, maximum number of emergent macrophytes were
observed and this can be attributed to the high tolerance to any fluctuation in the
water level (Van der Valk and Davis, 1976). Site 1(Control/Reference Site) was
represented by 8 species namely Ageratum conyzoides, Colocasia affinis, Commelina
benghalensis, Juncus effuses, Murdannia nudiflora, and Polygonum barbatum. It can
be argued that there is no effect of pollutants on distribution of such species.

Commelina benghalensis and Juncus effuses were restricted to Site 1 (Control site)
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only and may be considered as pollution indicator species. They can be regarded as
bio-indicator of pollution as they are found in clear and highly oxygenated water. On
the other hand, species such as Ageratum conyzoides, Alternanthera sessilis, Canna
indica, Colocasia affinis, Cynodon dactylon, Cyperus scariosus, Dichrocephala
integrigolia, Drymaria cordata, Eichhornia crassipes, Pistia stratiotes, Polygonum
barbatum, Polygonum hydropiper and Pteridium aquilinum, were found in Site 2, 3
and 4 and may be considered as tolerant to pollution stress and these species grow
well in polluted water. Ageratum conyzoides, Colocasia affinis, Murdannia nudiflora
and Polygonum barbatum were found at all study Sites, indicating high ecological
amplitude towards pollution. Eichhornia crassipes, Pistia stratiotes, Lemna
perpusilla, Azolla pinnata, and Amaranthus spinosus are indicative of organic
enrichment and hence may be considered as indicators of organic pollution
(Kshirsagar and Gunale, 2013). The presence of Alternanthera sessilis, Eichhornia
crassipes and Pistia stratiotes at site 2, 3 and 4 may be due to due to the
accumulation of sewage containing more organic load. Pistia stratiotes has a high
growth rate and adaptive capacity to a wide range of pH and temperature due to

which it is considered as a good phytoremediator (Galal and Farhat, 2015).
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CHAPTER-6

SUMMARY AND CONCLUSIONS

Water is an essential requirement for the life supporting activities. Surface water
generally available in Rivers, Lakes, Ponds and Dams is used for drinking, irrigation
and power supply etc. A majority of developing countries are in the tropical zone and
have fast growing human population. There is constant increase in the demand of
food, fuel, fiber, medicine and constructions due to increasing population which
results in the exploitation of natural resources. Surface water quality in various areas
is largely affected by both natural process and anthropogenic activities like domestic
sewage, industrial pollution, and agricultural activities (Varol etal., 2011). The
rivers in India are polluted due to the discharge of untreated sewage and industrial
effluents. The growing problem of degradation of our river ecosystem has
necessitated the Monitoring of water quality of various rivers all over the country has
become necessary to evaluate their production capacity, utility potential and to plan
restorative measures due to the growing problem of degradation of Indian river
ecosystem. Water quality parameters provide the basis of considering the suitability
of water for its designated uses and to improve existing conditions. The present study
was taken up with the following objectives:

1. To study the water quality of Serlui-A river at selected sites.

2. To study distribution of aquatic macrophytes along Serlui-A river at selected

sites.
3. To assess impact of pollutants on water quality and distribution of aquatic

macrophytes in Serlui-A river.

For detailed study, four sampling sites of Serlui-A river were selected namely,
Site 1 (situated near the source in Lungleng village, and considered as
control/reference site to compare results from other sites selected towards

downstream of river), Site 2 (situated just before hydroelectric power station), Site 3
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(situated just after hydroelectric power station) and Site 4 (situated at the point where
Serlui-A river merges with river Tlawng).

During the study period, water samples were collected on a monthly basis for two
consecutive years (October 2016- September 2018). The water samples were then
analysed for various physico-chemical characteristics namely, temperature, EC,
turbidity, TDS, pH, DO, BOD, total alkalinity, acidity, total hardness, chloride,
phosphate and nitrite. The methods as outlined in the ‘Standard Methods for
Examination of Water and Wastewater’ (APHA, 2005) and ‘Handbook of Methods
in Environmental Studies, Water and Waste Water Analysis (Maiti, 2001) were
followed. The observations were computed and expressed seasonally i.e., Post-
monsoon (October-January), Pre-Monsoon (February-May) and Monsoon (June-
September) seasons. To check the validity and significance of the observed data,
analysis of variance (ANOVA) and correlation coefficient was carried out.

The findings of the present study on water quality and impacts of pollutants can

be summarized as follows:

1. The temperature ranged from 16.7°C (Site 1, Post-Monsoon season) to 26.7°C
(Site 4, Monsoon season). The values were found to be high in Monsoon
season and low during Post-monsoon season for both the years.

2. The electrical conductivity ranged from 23 uS (Site 1, Post-Monsoon Season)
to 277.2 pS (Site 4, Monsoon season). The values found to be high in
Monsoon season and low during Post-monsoon season for both the years

3. The total dissolved solids ranged from 14.7 mgL™* (Site 1, Post-monsoon
season) to 148.5 mgL™ (Site 4, Monsoon season). The values were found to
be low during Post-monsoon season and high during Monsoon season.

4. The turbidity as 2.3 NTU (Site 1, Post-monsoon season) to 6.7 NTU (Site 2 &
3, Monsoon season). The values were found to be lowest during Post-
monsoon season and highest during Monsoon season.

5. The pH ranged from 6.1 (Site 1, Monsoon) to 7.9 (Site 3 & 4, Post-monsoon
season). The values were found to be lower during monsoon season and

higher during Post-monsoon season.
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10.

11.

12.

13.

14.

15.

The DO ranged from 5 mgL™ (Site 3, Monsoon season) to 7.9 mgL™ (Site 1,
Post-monsoon season). The values were found to be high in Post monsoon
season and low during Monsoon season for both the years.

The BOD ranged from 1.1 mgL™ (Site 1, Post- monsoon season) to 3.8 mgL™
(Site 2, Monsoon season). The values were found to be high during Monsoon
season and low during Post-monsoon season.

The chloride ranged from 1.33 mgL-! (Site 1, Monsoon season) to 44 mgL™
(Site 3, Pre-monsoon season). The values were found to be lowest during
monsoon season and highest during pre-monsoon season.

The total alkalinity ranged from 25.6 mg L CaCOs (Site 1, Monsoon season)
to 200 mg L CaCOs (Site 2, Post-monsoon season). The values were found
to be lowest during monsoon season and highest during the post-monsoon
season.

The acidity ranged from 3.4 mgL™ (Site 2, Pre-monsoon season) to 9 mgL™
(Site 1, monsoon season). The values were found to be slightly higher during
Monsoon season and lower during Pre-monsoon season.

The total hardness ranged from 18 mgL™ CaCOg (Site 1, Monsoon season) to
141 mgL™! CaCOs (Site 4, Pre-monsoon season). The values were found to be
highest during pre-monsoon season as compared to post monsoon and
monsoon season.

The phosphate-P ranged from 0.005 mgl™ (Site 1, Post-monsoon season) to
0.246 mgl* (Site 4, Monsoon season). The values were found to be highest
during monsoon season and lowest during pre-monsoon season.

The nitrite ranged from 0.008 mgl (Site 1, Post-monsoon season) to 0.087
mgl (Site 4, Monsoon season). The values were found to be highest during
monsoon season and lowest during post-monsoon season.

The WQI at Site 1 (Control site) was found to be 35 and falls within Grade B
(26-50) of the water quality classification based on weighted arithmetic WQI
method.

The WQI at Site 2, Site 3 and Site 4 were found to be 131,132 and 134
respectively, and fall within Grade E (>100) of the water quality

classification (polluted) based on weighted arithmetic WQI method.
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16.

17.

18.

19.

20.

21.

22.

The water quality attributes and WQI depict that the river water at Site 1
(Control/Reference Site) is clean, and intensity of pollutants is increased from
upstream to downstream of river (Site 2 to 4).

Statistical analysis namely, ANOVA, correlation coefficient and linear
regression and ANOVA were computed to check the significance and validity
of data on water quality analysis.

A total of 17 macrophytes belonging to 12 families were reported from the
study sites.

The study Site 1 was represented by 6 species namely Ageratum conyzoides,
Colocasia affinis, Commelina benghalensis, Juncus effuses, Murdannia
nudiflora, and Polygonum barbatum. It can be argued that there is no effect
of pollutants on distribution of such species.

Site 2, 3 and 4 by 15 species each namely Ageratum conyzoides,
Alternanthera sessilis, Canna indica, Colocasia affinis, Cynodon dactylon,
Cyperus scariosus, Dichrocephala integrifolia, Drymaria cordata,
Echinochloa stagmina, Eichhornia crassipes, Murdannia nudiflora, Pistia
stratoise Polygonum barbatum, Polygonum hydropiper and Pteridium
aquilinum These species are tolerant to pollution and growing well in
polluted water.

Four species namely Ageratum conyzoides, Colocasia affinis, Murdannia
nudiflora and Polygonum barbatum were found at all study Sites, indicating
high ecological amplitude towards pollution.

The species present only at Site | (Control/Reference Site) are sensitive to
pollutants and regarded as pollution indicator species, and used for

biomonitoring of water bodies.

The overall findings show that there was a seasonal fluctuation in the values of

various physico-chemical characteristics in the river. All the water quality parameters
lie within the permissible limit as given by different scientific agencies except
phosphate values for Site 2, Site 3 and Site 4 during all the seasons. High phosphorus
value may be attributed to discharge of waste through run-off containing phosphorus.
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Proper treatment of water is of great importance as long term use may adversely
affect both human and aquatic lives. The pollutants present in the river has some
effect on the distribution of aquatic macrophytes. This is evident from the presence
of Alternanthera sessilis, Eichhornia crassipes and Pistia stratiotes at site 2, 3 and 4
and absence in Site 1. The presence of these macrophytes may be due to due to the

accumulation of sewage containing more organic load.

Anthropogenic activities at Site 2, 3 and 4 has led to degradation of water
quality as compared to Site 1 (control site). Thus, regular monitoring of the river
water quality should be done so as to know the status of the river. Disposal of wastes
into river must be checked. Awareness programme should be conducted to educate

the people on the importance of proper management of the river water.
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Appendix |
Correlation coefficient (r) between the water quality parameters for two successive years (October 2016- September 2018)

arameters emp ur p oride ciaity osphate Itrite
P T EC TDS Turb H DO BOD Chlorid TA Acidi TH Phosph Nitri
Temp 1
EC .862** | 1
TDS .819** | 912** |1
Turb .789** | .836** | .750** 1
pH -0 0.236 0.2 A411* |1
- _ *% | _ Kk - _
Do g7ges | 843 717 gsges | 006 |1
*x Kk Kk *k -
BOD 851%* | .766** | .623 899*% | 016 | gioen | 1
Chloride 0.17 .408* 436* 0.4 A407* -0.09 0 1
TA 0.06 0.147 0.4 0.34 .678** | 0.04 0 545** 1
~ . ~ _ * |7 ~ _ *k ~
Acidity 0 0.27 0 473 6307 0.12 0 .622 0.35 1
TH 0.16 0.357 A414* 456* b22** | -0.1 0 .849** J714** | -551** |1
Phosphate J755%* | 765%* | .666** 961*%* | 427* ._864** 922** | 0.19 0.29 -0.37 0274 |1
ek Kk Kk *k - *k _ * *k
Nitrite .786 .853 .694 962 0.33 89g** 934 0.28 0.14 410 0.322 | .949 1

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed)
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Appendix 11
Correlation coefficient (r) between the water quality parameters at Site 1 for two successive years (October 2016- September 2018)

Parameters Temp EC TDS Turb pH DO BOD Cl TA | Acidity TH Phosphate | Nitrite
Temp 1

EC 714* 1

TDS 0.785 0.678 1

Turb .896* 0.591 0.72 1

pH -0.099 0.191 | -0.578 | -0.176 1

DO -0.705 -0.717 | -.825* | -0.603 | 0.287 1

BOD .990** 0.781 | 0.784 | .942** | -0.09 | -0.711 1

Cl -0.554 -0.463 | -0.6 | -0.213 | 0.334 | 0.673 | -0.457 1

TA -0.417 -0.55 |-0.782 | -0.241 | 0.503 | .872* | -0.392 0.74 1

Acidity 0.109 -0.134 | 0.276 | -0.106 | -0.551 | -0.364 | 0.019 | -0.807 | -0.534 1

TH -0.674 -0.582 | -0.725 | -0.405 | 0.335 | .851* | -0.609 | .958** | .826* | -0.716 1

Phosphate .980** .836* | 0.745 | .812* |-0.008 | -0.757 | .957** | -0.648 | -0.482 | 0.181 -0.758 1

Nitrite .932** 901* | 0.806 | 0.751 |-0.044 | -.868* | .915* | -0.681 | -0.647 | 0.194 -.813* 972** 1

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed)
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Appendix 111
Correlation coefficient (r) between the water quality parameters at Site 2 for two successive years (October 2016- September 2018)

Parameters | Temp | EC TDS | Turb pH DO BOD Cl TA Acidity | TH | Phosphate | Nitrite
Temp 1

EC .939** 1

TDS .884* | .894* 1

Turb 0.779 | 0.729 | 0.498 1

pH -0.41 | -0.229 | -0.634 | 0.253 1

DO -.927** | - 846> | -0.724 | -.948** | 0.049 1

BOD .857* 0.754 | 0.596 | .965** | 0.086 | -.982** 1

Cl -0.1 | 0.058 | -0.039 0| 0.135 0.12| -0.221 1

TA -0.505 | -0.785 | -0.789 | -0.243 | 0.407 | 0.424 -0.32 | 0.135 1

Acidity 0.041 | -0.154 | 0.227 | -0.492| -0.77 | 0.223| -0.251 | -0.639 | -0.195 1

TH -0.333 | -0.418 | -0.449 | -0.178| 0.23| 0.331 -0.35| 0.754 | 0.718 | -0.456 1

Phosphate 0.674 | 0.599 | 0.354 | .956** | 0.356 | -.889* | .955** | -0.245|-0.175| -0.405| 0.32 1
Nitrite 0.746 | 0.809 | 0.539 | .971** | 0.268 | -.935** | .946** | -0.034 | -0.379 | -0.473 | 0.27 | .932** 1

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed)
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Appendix IV
Correlation coefficient (r) between the water quality parameters at Site 3 for two successive years (October 2016- September 2018)

Parameters | Temp | EC TDS | Turb pH | DO BOD Cl TA | Acidity | TH Phosphate | Nitrite
Temp 1

EC .936** 1

TDS .895* | .896* 1

Turb 0.603| 0.692| 041 1

pH -0.63 -0.46 -0.8 0 1

DO -.855* | -.885* | -0.79 -1 04 1

BOD .833* | .869* 0.71 | .917* -0 | -.949** 1

Cl -0.12 | 0.214| 0.02 0| 0.2 0.2 0.03 1

TA -0.61 -0.74 -0.8 -0 07 0.7 -0.5 0.26 1

Acidity 0.131 -0.21| 0.18 -1 -1 0 -0.3 -0.7| -0.3 1

TH -0.27 -0.14 -0.3 0| 05 0.4 -0.1 | .848* 0.7 -0.65 1

Phosphate 0.601| 0.576| 0.33].956** 0.2 -1 |.889* -0.1| -0.2 -0.41 -0.1 1
Nitrite 0.669 | 0.798 | 0.53].973** 0.1 | -.862* .966** 0.16 | -0.3 -0.48 0| .922** 1

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed)
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Appendix V

Correlation coefficient (r) between the water quality parameters at Site 4 for two successive years (October 2016- September 2018)

Parameters Temp EC TDS Turb pH | DO BOD Cl TA Acidity | TH Phosphate | Nitrite
Temp 1

EC .938** 1

TDS .899* .892* 1

Turb 0.699 | 0.747 0.49

pH -0.71 | -0.51 | -.840* -0 1

DO -.864* -0.81| -0.67|-919** | 0.3 1

BOD 0.76 | 0.616 0.46 | .914* -0 | -.957** 1

Cl -0.2| -004| -0.13 0| 0.2 0.3 -0.3 1

TA -059| -0.79| -0.77 -0| 0.6 0.6 -0.3 0.4 1

Acidity 0.084 -0.2 0.18 1) -1 0.2 -0.3 -06| -0.1 1

TH -0.11| 0.136| -0.08 0| 04 0.1 -0.1 | .876* 0.37 -0.72 1

Phosphate 0.624 | 0.597 0.35 | .927** 0.1]-.926** | .969** -0.3| -04 -0.4 -0 1
Nitrite 0.696 | 0.811 0.54 | .972** -0 | -.935** | .895* -01| -05 -0.47 0.2 | .929**

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed)
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ABSTRACT

Water is one of the essential natural resource which is found around 75% in
ocean comprises 97.4 % and the remaining in form of ice-caps and glacier, fresh
water compartments of the hydrosphere. The water (rain, river, sea and ground
water) is one of the major components of environmental resources that is under threat
either from over exploitation or pollution, exacerbated by human activities on the
earth’s surface. Fresh water resources are used by humans for various purposes such
as drinking, bathing and sanitation. In addition to these, people also depend on water
resources for agriculture, commercial enterprises, mining, recreation, navigation and

thermoelectric and hydroelectric power.

Water quality assessment is an essential process in the development of water
resources and may be defined in terms of specific characteristics of water usually
physical, chemical and biological (including bacteriological) that are important with
regards to a certain servicesand human health is at risk if values exceed acceptable

limits.

For detailed investigation, Serlui-A river has been selected which is
approximately 7-8 kms long and it flows from Lungleng village towards Maubawk
where it merges with river Tlawng. This river is being used for 1| MW Serlui- A

hydroelectric power station.

The present study was taken up with the following objectives:

1. To study the water quality of Serlui-A river at selected sites.
2. To study distribution of aquatic macrophytes along Serlui-A river at selected
sites.
3. To assess impact of pollutants on water quality and distribution of aquatic

macrophytes in Serlui-A river.



For detailed study, four sampling sites of Serlui-A river were selected
namely, Site 1 (situated near the source in Lungleng village, and considered as
control/reference site to compare results from other sites selected towards
downstream of river), Site 2 (situated just before hydroelectric power station), Site 3
(situated just after hydroelectric power station) and Site 4 (situated at the point where

Serlui-A river merges with river Tlawng).

During the study period, water samples were collected on a monthly basis for
two consecutive years (October 2016- September 2018). The water samples were
then analysed for various physico-chemical characteristics namely, temperature, EC,
turbidity, TDS, pH, DO, BOD, total alkalinity, acidity, total hardness, chloride,
phosphate and nitrite. The methods as outlined in the ‘Standard Methods for
Examination of Water and Wastewater’ (APHA, 2005) and ‘Handbook of Methods
in Environmental Studies, Water and Waste Water Analysis (Maiti, 2001) were
followed. The observations were computed and expressed seasonally i.e., Post-
monsoon (October-January), Pre-Monsoon (February-May) and Monsoon (June-
September) seasons. To check the validity and significance of the observed data,

analysis of variance (ANOV A) and correlation coefficient was carried out.

The findings of the present study can be summarized as follows:

1. The temperature ranged from 16.7°C (Site 1, Post-Monsoon season) to 26.7°C
(Site 4, Monsoon season). The values were found to be high in Monsoon
season and low during Post-monsoon season for both the years.

2. The electrical conductivity ranged from 23 puS (Site 1, Post-Monsoon Season)
to 277.2 uS (Site 4, Monsoon season). The values found to be high in
Monsoon season and low during Post-monsoon season for both the years

3. The total dissolved solids ranged from 14.7 mgL! (Site 1, Post-monsoon
season)to 148.5 mgL! (Site 4, Monsoon season). The values were found to be

low during Post-monsoon season and high during Monsoon season.



10.

11.

12.

The turbidity as 2.3 NTU (Site 1, Post-monsoon season) to 6.7 NTU (Site 2 &
3, Monsoon season). The values were found to be lowest during Post-
monsoon season and highest during Monsoon season.

The pH ranged from 6.1 (Site 1, Monsoon) to 7.9 (Site 3 & 4, Post-monsoon
season). The values were found to be lower during monsoon season and
higher during Post-monsoon season.

The DO ranged from 5 mgL!(Site 3, Monsoon season) to 7.9 mgL-! (Site 1,
Post-monsoon season). The values were found to be high in Post monsoon
season and low during Monsoon season for both the years.

The BOD ranged from 1.1 mgL-! (Site 1, Post- monsoon season) to 3.8 mgL"!
(Site 2, Monsoon season). The values were found to be high during Monsoon

season and low during Post-monsoon season.

. The chloride ranged from 1.33 mgL-' (Site 1, Monsoon season) to 44 mgL"!

(Site 3, Pre-monsoon season). The values were found to be lowest during
monsoon season and highest during pre-monsoon season.

The total alkalinity ranged from 25.6 mg L' CaCOs (Site 1, Monsoon season)
to 200 mg L' CaCOs (Site 2, Post-monsoon season). The values were found
to be lowest during monsoon season and highest during the post-monsoon
season.

The acidity ranged from 3.4 mgL™!' (Site 2, Pre-monsoon season) to 9 mgL!
(Site 1, monsoon season). The values were found to be slightly higher during
Monsoon season and lower during Pre-monsoon season.

The total hardness ranged from 18 mgL' CaCOs (Site 1, Monsoon season)to
141 mgL' CaCOs (Site 4, Pre-monsoon season). The values were found to be
highest during pre-monsoon season as compared to post monsoon and
monsoon season.

The phosphate-P ranged from 0.005 mgl™!' (Site 1, Post-monsoon season) to
0.246 mgl! (Site 4, Monsoon season). The values were found to be highest

during monsoon season and lowest during pre-monsoon season.



13.

14.

15.

16.

17.

18.

19.

20.

21.

The nitrite ranged from 0.008 mgl! (Site 1, Post-monsoon season) to 0.087
mgl-! (Site 4, Monsoon season). The values were found to be highest during
monsoon season and lowest during post-monsoon season.

The WQI at Site 1 (Control site) was found to be 35 and falls within Grade B
(26-50) of the water quality classification based on weighted arithmetic WQI
method.

The WQI at Site 2, Site 3 and Site 4 were found to be 131,132 and 134
respectively, and fall within Grade E (>100) of the water quality
classification (polluted) based on weighted arithmetic WQI method.

The water quality attributes and WQI depict that the river water at Site 1
(Control/Reference Site) is clean, and intensity of pollutants is increased from
upstream to downstream of river (Site 2 to 4).

Statistical analysis namely, ANOVA, correlation coefficient and linear
regression and ANOVA were computed to check the significance and validity
of data on water quality analysis.

A total of 17 macrophytes belonging to 12 families were reported from the
study sites.

The study Site 1 was represented by 6 species namely Ageratum conyzoides,
Colocasia affinis, Commelina benghalensis, Juncus effuses, Murdannia
nudiflora, and Polygonum barbatum. It can be argued that there is no effect
of pollutants on distribution of such species.

Site 2, 3 and 4 by 15 species each namely Ageratum conyzoides,
Alternanthera sessilis, Canna indica, Colocasia affinis, Cynodon dactylon,
Cyperus scariosus, Dichrocephala integrifolia, Drymaria cordata,
Echinochloa stagmina, Eichhornia crassipes, Murdannia nudiflora, Pistia
stratoise Polygonum barbatum, Polygonum hydropiper and Pteridium
aquilinum These species are tolerant to pollution and growing well in
polluted water.

Four  species namely  Ageratum  conyzoides,  Colocasiaaffinis,
Murdannianudifloraand Polygonumbarbatum were found at all study Sites,

indicating high ecological amplitude towards pollution.
4



22. The species present only at Site I (Control/Reference Site) are sensitive to
pollutants and regarded as pollution indicator species, and used for

biomonitoring of water bodies.

The overall findings show that there was a seasonal fluctuation in the values
of various physico-chemical characteristics in the river. All the water quality
parameters lie within the permissible limit as given by different scientific agencies
except phosphate values for Site 2, Site 3 and Site 4 during all the seasons. High
phosphorus value may be attributed to discharge of waste through run-off containing
phosphorus. Proper treatment of water is of great importance as long term use may
adversely affect both human and aquatic lives. The pollutants present in the river has
some effect on the distribution of aquatic macrophytes. This is evident from the
presence of Alternantherasessilis, Eichhorniacrassipes and Pistia stratiotes at site 2,
3 and 4 and absence in Site 1. The presence of these macrophytes may be due to due

to the accumulation of sewage containing more organic load.

Anthropogenic activities at Site 2, 3 and 4 has led to degradation of water
quality as compared to Site 1 (control site). Thus, regular monitoring of the river
water quality should be done so as to know the status of the river. Disposal of wastes
into river must be checked. Awareness programme should be conducted to educate

the people on the importance of proper management of the river water.
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