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CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

Water is elixir of life, without it life is not paible. The socioeconomic
growth of a region is severely constrained by nwailability of safe drinking
water (Kumaret al, 2005). Civilizations have flourished with the diBgment of
reliable water supplies and they collapsed as ttemsupply failed. Fresh water is
the most precious and one of the most vital re®suod all. Requirement of water
for drinking and domestic purposes depends on palas well as socio-economic
development of the area. Most of the water situatiand problems are local and
regional in nature. Since long distance inter-regiotransportation in large
quantities is impracticable, the need of placeegfian for fresh water has to be
made from its own resources and supplies. The tguali water has been
continuously declining globally in general and irevdloping countries in
particular, due to natural and anthropogenic pseeéCarpentest al, 1998; Chen
et al 2002). Water quality also gets modified during tourse of movement of
water through the hydrological cycle and throughrtate processes like
evaporation, transpiration, selective uptake byetegpn, oxidation-reduction,
cation exchange, dissociation of minerals and pition of secondary minerals,
mixing of water, leaching of fertilizers & manuresd biological processes
(Appelo and Postma, 1993; Guetsal, 2008).

Water is an important constituent of the earth gstesn. There is plenty of
water on the earth surface, the fresh water, homisvenited and a large part of it
is in a polluted state at present. Polluted watethé greatest source of disease.
Almost half of the world’s population do not haveoper water supply. Only 2.7
percent of the total global content of approximateld billion cubic kilometers
water is fresh and suitable for human consumpt@h.this again, about 77.2
percent is permanently frozen, 22.4 percent ocaurg@und water and soil
moisture, 0.35 percent is contained in lakes andangs and less than 0.01
percent in rivers and streams. Obviously, the arhof@invater actually available
above the ground, that is, in the atmosphere, igry small fraction and is
estimated to be 1xT0of the total water resources of the world (Rad/9)9 The

1



minimum requirement of clean drinking water persperis about 3 litres per day
or one cubic metre per year. Thus the minimal arhad@rdrinking water at the

global level needed for survival annually is onlyifion cubic metres or 5 cubic
kilometers. However, this requirement is not fldfl in all parts of the world

(Sharma, 1987).

About 86 percent of the rural population lacksaalequate water supply
and that 92 percent lack adequate facilities fereta disposal. Only 28 percent of
the urban population has sanitation and seweraghtiés and about 29 percent
have no sanitation facilities of any kind. About 3&rcent of urban population in
India, who are below poverty line, has no accessater (Singh et al, 2003l}. is
estimated that about 40 countries and one billieapte will not have adequate
water supplies in the near future. By 2025 it ol 2.3 billion people. Today 6
billion human beings compete for this scarce reseand by 2050; 10 billion will
go thirsty (Panda, 2003).

Potable water is one that is free from diseasesingumicroorganisms
(pathogens), low in concentrations of compoundsahaacutely toxic or that have
serious long termféects on health. Potable water should also be atedrsaline,

and free from compounds that can cause coloue s odour (Pritcharet al,
2007). Quantifying the major ion composition ofestm waters also has broad
implicationsi.e. water quality type, hydrogeology characteristicgk-weathering
processes and rainfall chemistry (Brennan and Leteém 2002; Cruz and
Amaral, 2004). The chemical composition of grouratew is controlled by many
factorsviz. composition of precipitation, geological structiaed mineralogy of
water sheds and aquifers and geological procestisis the aquifers (Andret al,
2005).

Keeping in view the importance and the vulnergbibf water quality
towards the human health, number of studies onssssnt of drinking and
irrigation water quality have been carried outintyafor mining /industrial areas
in different parts of India (Agrawal and Jageti@97; Niranjanbabwet al 1997;
Mazumdar and Gupta, 2000; Dasgupta and Purohit]l;2RBurshidet al 2002;
Sujatha and Reddy, 2003; Sreedevi, 2004; Raillal, 2005; Hussairet al, 2005;

2



Sunitha et al 2005; Subbarao, 2006; Mishet al (2003). Broadly all have
concluded that water was found suitable eithedfatking or irrigation purposes.
Guptaet al (2008) have studied the geochemistry of ground water aid®an
district of West Bengal in order to assess itsakility for drinking purposes. A
study of surface and ground water in the Chalakiwdyr basin, southwestern India
has been conducted to assess the quality by &aali (2007). Jeelani and Shah
(2007) have studied the hydrogeochmistry of waaendes from the four basins of
Dal Lake of Kashmir valley and reported that th&elas alkaline in nature
dominated by CH, Mg2+ and HCQ ions. In the industrialized sub-urbs of
Pondicherry, alarming situation due to the preserfoexcessive concentration of
such toxic elements as As, Hg, Fe, Mn, and Cd bas beported in ground water
and surface water. Further, the major water quagyametersviz. Electrical
Conductivity (EC), Total Dissolved Solids (TDS), fdaess, Alkalinity, S~ and
Biological Oxygen Demand (BOD) have been found t® é&xceeding the
permissible limits during all seasons in sub-urisPondichery (Abbasi and
Vinithan, 1999).

India is a country known to be for studded withrécdeauty, comprising
of various landforms criss-crossed by rivers. Theme fourteen major rivers in
India that share 83 percent of the total drainesgrband contribute 85 percent of
the total surface flow (Chaudhuri, 1983). Indiaeiges an average annual rainfall
equivalent to about 4,000 billion cubic metres vahece unevenly distributed both
spatially as well as temporally (Engleman and Rb993). The relationship
between water quality and human activities is emaky complicated. With rapid
growing population and improved living standardhg, pressure on water resources
is increasing. Exploitation of water from the resms for domestic, industrial and
agricultural purposes puts resourt®s. Rivers lakes, estuariestc. into degraded
state. The growth of population and industriesrasponsible for the increase in
the total volume of sewage on one hand and theedegfrtoxicity due to industrial
effluent on the other, in which the share of oboasi matter has markedly
increased (Gaitonde, 1995; Murugesstnal 2002). These increased volume of
sewage and toxicity thereby, resulting into Eutiogtion of water bodies and in
turn leading to the invasion of foreign vegetaspgecies (Murugesaet al 2005).



1.2 LOCATION AND ACCESSIBILITY OF STUDY AREA

Mizoram is located between A®'N and 2419’ N latitude and 9A6°E
and 9326'E longitude covering a geographical area of 81,6q.km (Plate—I). The
state is bounded by Chin Hills (Myanmar) in thetelnipur and Cachar District
of Assam in the north, Tripura and Bangladesh envlest and again Myanmar in
the south. The average length of the state (frol8)Ns 277 Kms whereas the
average width (from E-W) is 121 Kms.

Mizoram is connected by NH 54, an all weather rtma&ilchar, Assam. Aizawl,
the state capital is about 180 Kms from Silcharsghs) whereas the second largest
town of the state, Lunglei, is about 410 Kms awayrt Silchar. The state is also
approachable from Churachanpur (Manipur) and Tagut the roads that connect
these places are not operational throughout the RReal link has been established
at Bairabi from where passenger as well as goaais Bervices are available
regularly. It is also connected to Kolkata, Imphatl Guwahati by air route. The
Airport is at Lengpui, about 30 km. away from Aidaand about 75 km from
Kolasib.

The area under study in situated in and aroundKdtasib town. Kolasib is
the district headquarters of Kolasib district ofzbliam situated over the tightly
folded chain of hillocks. It is situated betweerf 28' S and 2450'N latitude and
92° 50' W and 93 longitude. The total area of the district is 1422Sq.Km of
which 70 percent of the total area of the Distigtunder Forest cover. Total
number of villages in the district is 34, four siolwwns namely-Kawnpui, Bualpui,
Bairabi, Vairengte and one full-fledged town, Katadt is bounded by Cachar and
Hailakandi district, Assam on the north and noréstwespectively, on the south
and east by Aizawl district and on the south wgsMamit district, Mizoram. As
per 2001 census, the population of Kolasib disisi@&5,960.

1.3 CLIMATE AND RAINFALL OF MIZORAM

Mizoram enjoys a moderate climate. It is generatly so hot in summer
but fairly cold in winter. The winter temperaturanges from %C to 20C. The

summer temperature is usually betweefiCli 30C. The average temperature of



Kolasib in winter is 118 to 21.30C and in summer, it varies 20%D to
29.80°C. During the cold season, an individual minimumperature may go as

down as 8C.

The air is highly humid throughout the year. Retathumidity is highest
during southwest monsoon, reaches above@&@ent. Wind speed is generally
gentle except in March to July. During those ddp® disturbances in Bay of

Bengal also affect Mizoram in general and Kolasiparticular.

Mizoram comes under the influence of monsoon wité beginning of
May. Therefore, the maximum rain is received innesn May and September.
Mizoram has annual rainfall of 2540 mm. while theerage annual rainfall in
Kolasib is 3500 mm. The northwest parts of theestgt maximum rainfall (over
3500 mm.). The southern parts also get high rdiofer 2500 mmThe climate of
Kolasib is characterized by its pleasant cool weathelative humidity and

abundant rainfall.

Table 1: Rainfall data of the study area for fieans

YEAR 2004 200t 200¢ 2007 200¢
Month Rainfall in Rainfall in Rainfall in Rainfall in Rainfall in
mm mm mm mm mm
January 0 0 0 0 0
February 30.0 10.0 70.0 80.0 38.0
Marck 208.( 325.( 110.t 30.C 335.(
April 122.( 35.C 289.( 309.t 278.(
May 610.0 799.0 380.5 403.0 453.5
June 435.0 177.0 678.5 670.0 703.0
July 743.( 905.( 507.( 395.k 388.t
August 655.0 494.0 650.0 718.0 725.0
September 480.0 401.0 590.0 705.5 718.0
Octobe 65.(C 32.C 107.t 281.F 62.C
Novembe 0 90.(C 60.C 105.( 57.C
December 0 0 0 0 0
Total 3348.00 3268.00 3443.00 3698.00 3758.00

(Source: Indian Council of Agricultural ResearcBAR, Kolasib, Mizoram)
1.4 VEGETATION

Mizoram is very rich in vegetation. Forest and padidlds cover major

part of the area. Forest of Mizoram is very richewehteak trees and bamboos are



grown in abundance. It is covered by various kiofisnedicinal plants and food
trees. Since time unmemorable these ethno medipiaats have been used in the
treatment of various kinds of ailments. Lorrain 4@9 was the first to document
the ethno medicinal plants of Mizoram and gaveitsetéd the traditional medicinal
plants used by the Lushais. Lalramnghinglova (19819 documented 437 plants
with their local names, botanical names, familystribution, description and
medicinal uses. However, due to jhoom type of cation, the forest cover is
decreasing every year. Horticultural crops have alsquired great importance in

the state due to diversified topography, agro ditnaonditions and soil resources.

1.5 PEOPLE, THEIR LIVING CONDITION AND FOOD
HABITS

Majority of the people living in the study area dvkzos.The Mizos are
divided into several tribes - the Lushais, PawdsthBs, Raltes, Pang, Himars, Kukis etc.
Society is based largely around tribal villagese Téhiefs house and the zawlbuk
(community house for young, single men) are thedat village life. Mizo and English are
the official languages. The literacy rate in Mizang about 82 percent, one of the highest in
India. More than 80 percent of the population igsBhns; the great majority is Protestants
who were converted by missionaries during the &Stitury. There are Muslim, Buddhist,
and Hindu minorities. The nomadic Chakmas praciceombination of Hinduism,
Buddhism, and animism (the worship of nature destiel other spirits).

Though mostly Christians, the hill people havet kipe their rich cultural heritage,
colourful customs and lively traditions. An intdigg tradition amongst the Mizos is the
code of Ethics which revolves around tlawmngailmeyntranslatable term which means
that every Mizo is duty bound to be hospitableg kimselfish and helpful to the poor and
needy.

Festivals and dances of the Mizos have a unitpa¢ftavour. Other than Christmas
and New Year's Day which are the most populavédsfiChapchar Kut (after clearing of
jungles for cultivation of the jhum crop in Febysdarch), Pawl Kut (after harvesting in
December) and Mim Kut (dedicated to departed sdiglsthe maize harvest in September)
are the other occasions celebrated with much glistomost popular dances of Mizoram
are Cheraw (Bamboo dance), Khuallam (dance fdorasor guests), Chheih Lam (at the

end of a day's work) and Solakar or Sarlamkai gigeamong the Mara and Pawi tribes).
6



Food habits of the people constitute two substangals throughout the day. They mainly
consume rice, pork, chicken, beef, egg, fish efeeiQhan potato and common vegetables
they depend on leafy vegetables for their vegetedalds.

1.6PHYSIOGRAPHY OF MIZORAM

1.6.1 Drainage System of Mizoram

The Mizo Hills have ranges running from north touo The average
height of the hills is about 900 m. The hills areep and separated by rivers which
flow either to the north or to the south, creatitegep gorges in between the north-
south hill ranges. There are innumerable rivergasis and brooks in the state. In
the north, the Tlawng (Dhaleswari), the Tuirial (&0 and the Tuivaw! start from
the middle of Mizoram and flowing north, fall ingtBarak River in Cachar district
of Assam. In the south, the Karnafuli flows nomtbrfi the southern tip of the state
and near about the middle it flows to Bangladeskereht has been tapped for a
huge hydel project. The Koladyne River enters Marorfrom Myanmar and
flowing south, it enters Myanmar again. The dragnagstem as a whole is said to
be dendritic in nature and the streams are youtstade and nallas have much

straightened and deep courses.
1.6.2 Geomorphology of Mizoram

As the terrain is very immature, topographical de@s show prominent
relief. The major geomorphic elements are bothcstiral and topographic ‘highs’
and ‘depression flats’ and ‘slopes’ sculptured lmntopographic surface in a linear
fashion. The physiographic expression of the s&imparted by approximately N-
S trending steep, mostly anticline, longitudinahéhr fashion), parallel to sub-
parallel hill ranges and synclinal narrow valleyshwseries of parallel hummocks
or topographic highs. In general, the western lirmbshe anticlines are gentler
than the eastern limbs. In many cases, steep rcaips are produced due to
faulting especially along the highly dipping fapllanes. The other geomorphic
elements are the high dissected ridges with thendtdon of deep gorges, spurs,
keels and cols, which developed due to intensiwesien during the isostatic

adjustment. The difference of elevation betweeteyaloor and hill tops greatly



varies from east to west. The steep hill rangesraree towards east than towards

west.

The major drainage pattern having different bi&ian ratios follows the
N-S trending depressions and gorges in the low Eyp®graphy in between them.
The depressions and gorges, in most cases, agghtissographic expressions of

the faults or other structural patterns.
1.7 SCOPE OF PRESENT STUDY

The majority of research work undertaken on watetaveloping countries
(Chilton and Smith-Carrington, 1984; Lewis and @m| 1984) has focused on
surface and borehole water quality with hardly awyk being undertaken on
shallow wells. Shallow wells are one of the mogpamant types of water supplies
for domestic purposes for rural districts in Malg®taines, 2002). The quantity of
water supplied by the PHED department in the stardg is not enough to meet the
daily requirement of water for drinking and othewukehold activities of the
people. As on May12, 2009, the Kolasib town hay a801 water connections for
a population of 19008. According to the record bé tPHED, Kolasib, the
population benefited by water connections is 11,81ggesting the fact that 7,691
people of Kolasib town are forced to fetch watertfeir daily needs frortuikhurs
(spring)(Plate 11I-1V) or other sources includingim water (Plate VI). Water in
rocks circulates through the secondary openingsesepted by joints, cracks,
fissures and such other planes of discontinuitye Weathered residuum of the
hard rocks as well as the fractures, joints, fiesurfaults and other zones of
discontinuity are the principal repositories of gndwater in the area (Singh al,
2007). Similarly, Vairengte and Bilkhawthlir have® and 194 connections for
7715 and 4084 population respectively. Kawnpui silb-division headquarters in
the district but it has only 256 water connectiolRsople of the study area have
been consuming water for their drinking and houkkhmurposes without any
treatment.

In fact, there have been no detailed investigatioarried out to evaluate the
quality of potable water in the study area. Thesotiye of the present work is:

R/

% To assess the physical, chemical and bacteriolbgieaacteristics of
potable water.



+ To determine the level of concentration of varibeavy metals and trace
elements in potable water.

+ To understand the sources of various contaminardgsdier to suggest
remedies.

% To develop a data-base on water quality.

1.8 LITERATURE REVIEW

A number of studies have been carried out on watiemistry across the
world. According to Garrel (1965) dissolution ofcks removes certain ions such
as Ca", Mg®*, Na" and K but at the equilibrium state between rock and e
ions which have been mobilized into the aqueous@hall be removed from the
system producing secondary minerals such as calotieclay. Other than rocks,
HCGO;™ in water is derived from carbon dioxide extrachexn air and produced in
soil by biochemical activity (Hem, 1985). The rauater when passes down the
organic rich soil the carbon dioxide gas presenthm unsaturated pore spaces
reacts with water to form carbonic acid, which iunnt helps in dissolution of
organically and chemically precipitated calcite asdlomite in soil (Merrits,
1997). The study of Jalali (2006) has demonstrétatithe chemical composition
of groundwater differs according to water typeseythave concluded in their
study that dissolution of halite, gypsum, dolomitejcite and pyrite weathering
determines C] SQ?, HCOs;, Na', C&" and Md" content in groundwater.
Langmuir (1997) has observed that the most surfaeger and shallow
groundwater, due to precipitation process as thecsds C&" - HCO; water type,
with decrease in Naattributes to its intake in the formation of cléglped by the
pH range which is near neutral or less. But wittr@ase in depth, an increase in
pH takes place, which can be related to carbonatoldtion induced by cation
exchange with replacement of Nian (Adamset al 2001; Parkhurst, 1995). This
process results in the formation of NdCOs type of groundwater. Recently,
many research projects have examined the relaipitstween nitrate levels and
depth of wells (Hudak, 1999, 2000; Letal 2003; Lakeet al 2003). Gerba and
Mc Nabb (1981) have discussed fate and transpopattiogens and microbial
activity in groundwater environments as aspects no€robial groundwater
pollution. Laddet al (1982) have studied groundwater and stream watatberta,
Canada and have found acridine orange direct co(A®DC) of bacteria in

saturated zone groundwater are about one log hidjaer the AODC of stream
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water in their study location. The hydrological dgbt has been defined by
Yevjevich (1967) as the climate that leads to sphatid temporal water deficits.

Hem (1985) has pointed that someenainsurfaces that are exposed to
water at neutral pH, have a net positive chargera/isolute anions are retained.
Ibanezet al (2007) have defined groundwater as water that miesuvoids and
spaces between soil, sand and/ or gravel particlag, silt and rocks. They have
also pointed out that groundwater is present withacks in the bedrock and can
be found under the earth’'s surface, either flonstayly as underground lakes or
ponds. Surface water is understood as that whicdomsained in streams, rivers,
ponds, lakes, swamps, marshes and springs. Acgptdiitbanezet al. (2007), in
small streams and rivers, the biological processesnot influence the water
composition significantly because the rapid flowl wilute the effect whereas in
large, slow moving rivers, the biological proceskase enough time to alter the
water composition through biodegradation and eiamgtrocesses. Surface water
is open to pollution of all kinds. Contaminants aomtributed to lakes and rivers
from diverse and intermittent sources such as imggsand municipal wastes,
runoff from urban and agricultural areas and ero%id soil (Henry and Heinke,
2004).

A number of studies have been carried out on major small rivers like
Amazon (Konhauseet al, 1994), Congo (Dupret al, 1996), Mississippi (Shiller
and Boyle, 1987) and Fraser (Cameetral, 1995) for metals and trace elements.
These studies have made an attempt to determinefféngts of lithology, relief,
water discharge, climate and anthropogenic pertiofiaon the water chemistry.
Several studies have been employed for analystheoclosely related Principal
Component Analysis (PCA). Many of these studieseha@en spatially oriented,
such as the identification of weathering sourcesliséolved species at different
locations (Reedegt al 1972; Puckett and Bricker, 1992) and the souo&sns in
deposition across a region (Hooper and Peters9j18&idet al (1981) identified
processes controlling the chemical compositionathtprecipitation and runoff for
a stream in Northeast Scotland, and Williaetsal (1983) performed the similar

study for a stream on Dart moor, England.
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Since the discovery of chloroform in chlorinatednking waters in 1974
the potential carcinogenicity of halogenated dsttibn byproducts (DBPS) is now
recognized as a secondary health risk (Rook, 1Ri¢hardsoret al (2002) and
Weinberg (2002) have recognized over 500 DBPs adlverse human health risk
potential. Arbuckleet al (2002) have grouped these species into severalrmaj
groups such as trihalomethanes, haloaceticacittsadedicnitriles, chloral hydrate,

hydroxyfuranone, haloketones, haloaldehydes etc.

A lot of works have been done on the fluoride eantn drinking water.
Robertson (1984) has studied on the basins of Aszand has reported
concentration of fluoride between 1 and 10 mg/lghoundwater of the area.
Granites and volcanic rocks are the common natacairces of fluoride in
groundwater in several parts of the world (Apamlgteal 1997). Saetheet al
(1995) and Kim and Jeong (2005) have concludechdir tstudy that the high
concentration of fluoride in groundwater is not ayjs derived from hard rock.
Chaeet al (2007) have focused on fluorine geochemistry idrbek groundwater
of South Korea and have come to the conclusion thetgeological source of
fluoride in groundwater is related to the minem@inposition of metamorphic rocks
and granitoids. They have suggested that the higbride in groundwater
originates from geological sources and it can Imeoneed by fluorite precipitation
when Calcium concentration is maintained. Somearesers have studied the
relationship between fluoride concentration andewatock interaction in various
aquifers with different geological settings (Nordsh and Jenne, 1977; Edmunds
et al 1984; Nordstromet al 1989; Gaciri and Davies, 1993). Fluoride
concentrations frequently are proportional to tlegrde of water- rock interaction
because fluoride primarily originates from the gepl (Gizaw, 1996; Bankst al,
1995; Dowgiallo, 2000; Frengstat al 2001; Carrillo- Riveraet al 2002). It is
also reported that fluoride in groundwater is negyf related to anthropogenic
contaminants that may infiltrate from the land aoef (Petti and Backman, 1995;
Kim and Jeong, 2005)

The geochemical study of water and senismef some of the largest rivers
of the world originating from Himalaya have beerestigated by many workers
(Raymahashay, 1973; Abbas and Subramanian, 198#;e5al 1989,1990,1992;
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Subramanian, 1979; Pandeal 1994; Hariset al 1998 and Pandet al 2000).
Rao et al (2007) have worked on principal component analysigroundwater
quality in a developing urban area of Andhra Prhdasd have reported that
groundwater of Guntur urban area shows both thehfi@ DS<1000 mg/l) and
brackish (TDS>1000mg/l) environments with NaHCO; & Na™: CI faces
respectively. They have also suggested that thétyjod groundwater is mainly
controlled by salinity and pollution processes. éwating to Choubisat al (1996),
prolonged use of alkaline drinking waters contart@dawith fluoride cause dental
and skeletal fluorosis not only in villagers busalin their domestic animals.
Nayak and Sawant (1996) have reported that theyheetal content in drinking
water of Mumbai city is within the maximum permissi limits yet there has to be
a routine monitoring system to ascertain good tualater at the consumer end
points. Pandian and Sankar (2007) have worked adrolggochemistry and
groundwater quality of Vaippar river basin of Tamaitlu and have reported limited
seasonal variations in quality. They have found tiearly 50 percent pre-monsoon
samples are suitable for all uses, while 24 perasnuseful only for irrigation; the
remaining 26 percent is unsuitable for any useuSatd Vaishnav (2006) in their
study of fluoride in groundwater around the BALOGrba area have concluded
that fluoride ion concentrations in open wells dmhd pumps of some villages
have been found above the permissible limit. Thisp avithessed skeletal and
dental fluorosis in youths under twenty years of.dgadhnureet al (2008) and
Saxena and Ahmed (2003) have shown that rock-wateraction is the main
process in which Frich minerals are decomposed or dissociated fieansburce
rock and Fis dissolved in groundwater by dissolution. Ransdiman (1998) has
observed that high concentration of fluoride in mk¥eaquifers compared to
shallow aquifers is due to its high residence timéhe aquifer system, thereby

having longer contact time for dissolution ofBearing minerals present.

According to Sivasankaranh al (2004), the inputs of nitrogenous
nutrients and phosphorus in the groundwater systenprimarily due to leaching
from the fertilizers applied to cropland$/ajumdar and Gupta (2000) have
reported that nitrate formed by the biochemicalvd@s by micro-organisms or

added in chemically synthesized forms to lithosphand biosphere enters
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hydrosphere with relative ease, as all these emwiemtal components are
dynamically interconnected. They have further olEserthat nitrate concentration
in groundwater is increasing with increasing usaitbgenous fertilizers in Indian
agriculture. Umar and Absar (2007) have tried talarstand the sources of

dissolved ions and evaluate the influence of apibgenic activities.

Venugopalkt al (2009) have suggested that rivers play a majerirohssimilating
or carrying of industrial and municipal waste watarn-off from agricultural
fields, roadways and streets, which are respon$iblever pollution. Tiwariet al
(2005) have assessed the water quality of Ganger RivBihar region of India.
The report suggests that water analyzed from faajondrainages of River Ganga
in Patna shows that the drain water is highly getumainly due to raw sewage is
being discharged into the outfall drains. The asedyshow that TDS, lead,
chromium and cadmium are present more than peisresignits in drinking water
at some stations. The TDS pick up in the domestigage in Indian cities is
generally 400 mg/l (Arceivala, 1998).

The amount of calcium and magmasin Kolleru lake water of
Andhra Pradesh has been found to be higher in surantedecreases in monsoon
and winter. The values of electrical conductivis/d) and total dissolved solids
(TDS) have also been found to be lower in winted anonsoon seasons as
compared to summer season (Raal, 1999). Hand&t al (1981) have worked on
the trace elements of surface waters in Uttar Rfadend have observed that
Gomati river water is polluted at Lucknow in respetcopper and zinc while Sai

River seems to be polluted with respect to molylden

The Damodar Valley Corporation haspawgated industries of multiple
natures along the river Damodar, as a result, varitypes of pollutants are
regularly discharged in this river (Trivedi and Katni, 1988). Chakraborty and
Konar (2002) have noted that the pH of river Dammodagenerally alkaline in
nature. Murugesaet al (2007) have pointed out that human activities riear
aquatic systems greatly affect the physico-chenacal biological quality of the
water-system. Ram and Singh (2007) have studiedGdwega water quality at

Patna and have found that there is no harmful at@Engontamination in it.
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Despite the fact, that toxic metals have also Heemd below detection limits,
however, the presence of higher population of nhiedofauna indicates that the
water is contaminated and is not suitable for amggh bathing as well as for

drinking purposes without conventional treatment.

Jeelani and Shah (2007) have reported that likerdiimalayan lakes, Dal
lake of Kashmir is alkaline in nature, dominated@ﬁ*, Mg2+ and HCQ ions.
The geochemical characteristics of the lake watermaostly influenced by the
lithology of the basin and weathering of carboretd silicate rocks and Karewa
deposits of the catchment area. Sunihal (2005) identified that the electrical
conductivity finds higher level correlation sige#ince with many of the water
quality parameters, such as total dissolved solid&l alkalinity, chlorides,
sulphates, carbonates, total hardness and magnedflahajan et al (2005)
identified that all the parameters are more or Emselated with others in the
correlation and regression study of the physicavibal parameters of
groundwater. Kalyanaraman (2005) identified thatwilater of groundwater can be
predicted with sufficient accuracy just by the meament of EC alone which
provides a means for easier and faster monitoringgater quality in a location.
Achuthan et al (2005) concluded that the correlation study andretation
coefficient values can help in selecting treatmeatsinimize contaminations in
groundwater. Yadaet al (2007) studied on recharging of bore wells andyaed
harvested rooftop rainwater in houses of Udaipuy @f Rajasthan. They
concluded that rooftop rainwater harvesting sysienaery effective measure in
increasing the quantity of water in bore wells. taet al (2006) have carried out
an investigation to find out the sub surface wafeality at Makrana, Rajasthan.
They have concluded that marble ash and slurryteampact on the quality of
groundwater, water of tube wells and hand pumpkakrana city shows higher
concentration of total dissolved solids, total ek, total alkalinity, calcium,

magnesium, chloride, nitrate and phosphate.

Singh and Lawrence (2007) have studied the grouteavgaality of shallow
aquifer of Chennai city using GIS. They are of ¢ignion that higher TDS and ClI/
HCGQO; ratio is indicative of the fact that the sea wditas intruded to a considerable
area adjoining the coast due to over exploitatibrgmmundwater. The tsunami
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brought large scale sea water inundation and adesgmificant variations in the
marine environment and considerable variations webserved in all the
parameters (Prasattt al 2007). Deviet al (2006) have made an attempt to
classify the hydrochemical characteristics of gowater in Kodagu district in
Karnataka based on Handa, Schoeller and Stuyfzatdoais and have found that
the groundwater of this district is suitable forntestic as well as agricultural
purposes. Sunitha and Reddy (2006) studied theslation of physico- chemical
parameters of groundwater samples with nitrate @atnation and observed that 92
percent of the samples during pre-monsoon seasbi&mpercent of the samples
during post- monsoon season were exceeding theigstiole limit of nitrate
concentration which might be due to excessive tisgttmgenous fertilizers in the
region. Ozhaet al (1993) observed that the concentration of nitnateeased with
total hardness, calcium and magnesium and decressdte depth of water table
increased. Nitrate enters the human body throughude of groundwater for
drinking and causes a number of health disordensehya methemoglobinemia,
gastric cancer, goiter, birth malformations, hypesion etc. when present in

higher concentration (Majumdar and Gupta, 2000).

Hussairet al (2006) have worked on major ion and heavy metatastey of
Pachin River (ltanagar) and have reported thatnian chemical weathering
mechanisms identified in the small watershed camémeralized for the whole
Pachin river basin. Heavy metal patterns clearlffece source input from
agricultural activity and urban development. Theele of iron and cobalt are
amongst the highest of any rivers of the Indian-soiitinent. Chakrabortgt al
(2000) have analyzed water samples of Assam araitegpthe highest amount of
fluoride to be 20.6 ppm. The highest amount offilde® content in water samples
of Guwahati is 6.8 ppm and it can be attributedPtecambrian granite which
forms the basement rock of the city (Detsal, 2003). Sarmalet al (2002) have
found fluoride content higher than permissible timiAssam. The tube well water
is of Na'- HCO; type with a small shift towards &aHCO; field in pre-monsoon
period. Dug well water shifts from NiaC&*- HCOs field in pre-monsoon to Ga
HCOs; fields in monsoon and post-monsoon, indicating ifferént source of

recharge water for both deep and shallow aquiféag,(2007).
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CHAPTER 2: GEOLOGICAL SETTING

2.1 Geology of Mizoram

The area falls within the part of a Tripura - Miaar mio-geosynclinal basin
(southern extension of Surma Valley, cf. Evans,4)9&hich evolved after the
regional uplift of Barail Group of sediments andighwas related with the plate
behavior in the subduction zone west of Arakanom4, after the spreading of
Indian Ocean. The geology of Mizoram includes theks of Surma Group. They
are thickly bedded sandstones, shale, and mudstohesrious stratigraphic
horizons (Tiwari and Kumar, 1996). Bands of arg#laus material are present
within the sandstone near the upper levels of lity@es. The siltstones are generally
grey in colour, massive in appearance, hard & campanature and exhibiting
well defined bedding planes. The shale beds andytbedded showing laminated
splintery pattern. Mizoram is a part of Tripura izdkam mio-geosyncline which
constitute a part of the Assam - Arakan geosynisibasin. The Mizoram Hills
(Lushai Hills) have been considered to be formingirdegral part of the mobile
belt constituted of very tight, elongated asymneatri N-S trending anticlines
alternating or en-echelon with broad saucer shapettlines showing slightly
arcuate and convex westward sub-meridional treBevastavaet al 1979).
It is apparent that the deposition of sedimenthefstudy area took place, after the
uplift of Barail geosyncline, in a great tectoniough of mio-geosynclinal
character having a ‘Bell-shaped’ pattern.
It is revealed from studies that the sedimentsspart on the present area might
have taken place along the canyons and canyonssetewalleys to the lower
slopes or continental rise where the depositiork tptace from the turbidity
current. The thickly bedded sandstone and shaledegssited in the channel areas
as proximal deposits whereas the silt/shale imt@rlation was deposited in inter
channel distal areas. The hill ranges mainly cosepof compact and resistant
older units exposed in the synclinal troughs. Tégian is exposed mainly by
geosynclinal mollasse sediments of Neogene age,pisimy of poorly
fossiliferous successions of alternating shale @aahdstones in varying
proportions. The generalized stratigraphic sucoessis worked out by G.S.I.
(1974) is shown in Table-2.
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2.1.1 Barail Group
This group of rock is lithologically dissimilar fno those of the Bhuban Formation
lying to the west. Further, they exhibit differesttuctural alignments. The Barails
comprise monotonous sequence of weathered shaler ibhedded and
interlaminated with siltstone exhibiting, on weathg, pink, violet, greenish grey
and white colorations. Locally, they enclose bamdsweathered micaceous,
feldspathic, soft, medium-grained sandstone baRdeely, the sandstone contains
thin stringers and streaks of carbonaceous mditielike Bhuban, the Barails
contain few sedimentary structures. The rocks hawe30 - 150) rolling dips and
have been folded onto a broad anticline with the a®nding approximately E-W.
The post - Barail unconformity could not be recagui due to two sub-parallel N-
S trending marginal - regional strike faults, whiwve obliterated the evidence of
the unconformity.
2.1.2 Surma Group
This group is constituted by Bhuban Formation arakeBBil Formation. The
Bhuban Formation has been divided into the Lowles, Middle and the Upper
Bhuban based on lithology and order of superpasitiche Boka Bil Formation
could not be further subdivided.
2.1.3 Bhuban Formation
This formation comprises predominantly of the alé¢ée sequence of areanaceous
and argillaceous rocks. The units of this formawxhibit turbidite features. This
formation also shows turbidite features with pred@mt interference ripples and
ridge structures, convolute laminations slump dtmes, ripple-drift cross-
laminations and load casts.
2.1.4 Boka Bil Formation
The rock of this formation exhibits typical turltiglifeature, with multiple grading
and ripple-drift-cross laminations etc. At placeésugh cross-bedding and large
beddings are also present.
The monotonous repetitive areanaceous and argllEcesequences of this
formation are typical characteristics of flyschiseehts as have been evidenced by
lithology, mineralogy, facies change and thickneasations, spatial relationship
and finally by turbidite sedimentary structuresn&ahale ratio within the flysch
sequence is indicative of the fact that Barail Grand Lower & Upper Bhubans
23



of Surma Group are the ‘Sandy flysch’ and the MedBhubans and the Boka Bils
are the ‘Normal’ to ‘Shaly flysch’ respectively.

2.2 Soil Conditions

The soil type generally found within the study avases from sandy to loam and
clay to loam mixed with broken angular shape oywvay size. The color of the soll
varies from yellowish to brownish grey with varyidgpth.

The soil is acidic in nature because of the accatimil of organic matters.
Generally, natural moisture content varies from%4o 23 %, plasticity index
varies from 25 % to 26 % and permeability variesrfr2.1 X 10° cm / sec. to 4.2
X 10° cm / sec. and effective angle of shearing resistaaries from 252 to 402
and the clay content varies from 15 % to 35 % wdemslt content varies from 20
% to 35 %.

2.3 Geomorphology

The Mizoram is situated on the N-S elongated hidinf which many sub-hill
ranges and slopes are extending towards the eamtdrmvestern directions. The
hill slopes are dissected by a number of strearddaoal nallas forming wide and
deep gullies due to destructive works of the st aatc.

Physiographically the area is undulating and canspis by the presence of N-S
or NNE -SSW trending linear hill ridge with steejopes representing a very
rugged and immature topography. Normally, the wasstope is gentler than the
eastern slopes. The slope angle generally vames 80 to 450 forming a concave

shape in the middle, but is steeper than neardhksof the streams and nallas.
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Table - 2:
Generalized Geological Succession

E
mrmamnnne TRCONFORMITY OBLITERATED BY FAULT

Oligocens Barail

------ ihb.lFFFﬂ-H-LMR cm mT s!m-'ﬂr‘"-“--------

Gﬁug Euhgrnup Formaticn
Recent Alluviu Loose silts, clays &
m i gravals
Fu Rar e £ RS ey SO ORMT TY™
Early Aluvium +900 Massive fine to medium
Pliocane grained, Moderately
ta Late hard 1o friable
Miocena sandtons with
occasional bands
------- wrnm AND TRAMSITIONAL CONTACT-----===-=-
M Bokabil +950 Frodominanatly shalas
1 with iterlaminated
0 siltstones &  eoft.
c friable, faldapathic
E sandatonas
]
E
u COMFORMABLE AMD TRANSITIOMAL CONTACT
T B Hﬁp +1100 Predominantly
0 Bhu ATODACOOUS includas
ban compact wall bedded
u sandstones and
P H laminated shale and
P siltatones
E R
R
u COMEFORMABLE AND TRAMSITIOHAL
o CONTACT
M Mid +3000 Predominantly
o dle argillacecous includes
splintry shales.
1 Bhu siltstones &
: B ban sandstones
& A COMFORMABLE AND TRANSITIONAL
CONTACT
C A Lew +900 Predominantly
er arenaceious with well
E bedded sandstones .
Bhu laminated & silty
H H ban shales

+3000 Fndminnnﬂy ghales &
giltetone with bands
of greywacke sandetone
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CHAPTER 3: METHODOLOGY

Water, like air, is one of the most important andst precious substances
of natural resources and a regular and plentifppBuof clean water is essential
for the survival and health of most living organgsnWater is commonly the

mediator of interactions among the major divisi@hur earth. These divisions

are:
i. Exosphere iv. Biosphere
ii. Lithosphere v. Hydrosphere
iii. Atmosphere

The hydrological cycle is responsible for our weathnd it makes our rivers run
and balances the level of groundwater.
Methodology of the present work involves field wankd laboratory work.
3.1 Field work
Field work mainly involves survey and sampling obtgble water samples.
Various sources of potable water were identifiedrduthe survey of study area.
Further, in consultation with the people the suéabites were selected for
alternative source of potable water i.e. tuikhdise PHED sites were selected in
order to procure samples evenly distributed overatiea.
3.1.1 Survey and Selection of sampling sites
As a rule of nature, facility makes a man leniendl & is very true in case of
environmental abuse, unscrupulous choice of feetii, insecticides, pesticides
and poor farming practices that ultimately leadstl pollution which in turn
might be polluting our natural sources of surfaceo& an underground water.
Nasty chemicals enter the food chain and causetenti health hazard to the
human body. Rainfall is an important factor anthe primary source of surface as
well as groundwater on the earth. Level of grourtdwatable is always
proportional to the rainfall. In the study arealtegt rainfall falls generally during
June and July and on the contrary the month ofalgmeceives almost nil rainfall.
Kolasib area of Mizoram is selected for the presaty mainly because of the
following facts:

1. Least or almost negligible information is availaltle the consumers

regarding the water they consume for their domestés.
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2. Usage of Tuikhur water for drinking and other dotitepurposes as a
supplementary resource of potable water is sodaassessed.

3. The poor awareness among masses for a cleaneroemént. Such
awareness to avoid the fixation of piggeries arosanitary cabins near
tuikhurs is observed to be alarmingly needed.

A detailed survey of sampling sites was perforiefbre starting sampling
and analysis of potable water samples. Townshipanh around Kolasib, the
district headquarter incude Kolasib, Kawnpui andk®watlir. All the three
townships are at least connected through wateremtiom from PHED as a basic
source of potable water. However, the urbans assotuikhurs and rain water as
supplementary resources to cope up their requireidraratiet al, 2007). The
need of supplementary resources arise due to thettfiat the water through PHED
could not be regularly supplied and at the same tiot enough. Moreover, the
connection network of PHED does not cover the whmdgulation. However,
Population residing in the vicinity of the townssipas to depend wholly on the
tuikhur water for their domestic needs. As on Mgy2@09, the Kolasib town has
only 1801 water connections for 19008 populatiofscording to the PHED,
Kolasib itself, the population benefited by wat@ngections is 11,317 leaving
7,691 people to procure water for their daily neddasn tuikhurs. Similarly,
Vairengte and Bilkhawthlir have 547 and 194 coniosst for 7715 and 4084
population respectively. Kawnpui is a sub-divisteeadquarters in the district but
it has only 256 water connections.

Tuikhurs are widely distributed all through theas in and around various
townships. They are in fact water seepages mokihgahe foot hills in the hilly
terrains. Among the tuikhurs mostly are of the emak nature, where water
diminishes during the non-monsoon periods. Stdiré¢hare some tuikhurs which
are perennial in nature therefore water is avalaimoughout the year. Shortage of
the potable water is to be fulfilled by the perahmuikhurs fully for population out
of PHED network and partly for urban localities.wrauikhurs among all under
public usage are having enough constructions toinmee the in-situ
contaminations. The selected sites include rendwasevell as raw tuikhurs.

Quite a good number of households are equippeld witer harvesting

facilities during rainy season and storing it foe tusages of the same in relatively
27



dry periods. The construction of houses is typfksdam-type with tapering roofs.
The channel surrounding roof-tops facilitate steragwater into tanks. This water
can also be a source of potable water for the fesndeprived of PHED supply and
situated at a distance from the tuikhurs.

Samples have been collected from all the threecssuof potable water
available to the citizens of the area in and arolodasib, Mizoram. They are
tuikhur water, PHED supply water and harvested waiter.

As a good chunk of population of the study arepedds on tuikhurs for
their water needs, 32 tuikhurs were selected fitwerptoposed area of work. While
selecting the tuikhurs, the opinion of local peoplas taken care of i.e. those
perennial tuikhurs which are relatively more ingeshan the others were selected
for the present study. Twenty PHED supply househuldre also selected in such
a way so that it covers almost all locations withive study area. Among the
harvested rain water locations five were identiffemin different localities within
Kolasib town.

3.1.2 Samples and Sample Code Plan

Detailed locations of tuikhurs, PHE points and naater samples are given below
with their codes to be used for ready referencaténl).

3.1.2.1 Samples of Tuikhur water (KT)
KT-1 Kolasib, Venglai- Conventroad KT-10 Kolasib, Diakkawn- petrol
KT-2 Kolasib, Venglai- St. John’'s HS pump

school
KT-3 Kolasib, Venglai- old UPC KT-11 Kolasib, Diakkawn - football
church ground

KT-4 Kolasib, Venglai - below P/S-lll  KT-12 Kolasib, Diakkawn- Aizawl
KT-5 Kolasib, Banglakawn- Brahma road |
Kumari's off. KT-13 Kolasib, Diakkawn- Aizawl
KT-6 Kolasib, lower electric veng road I
KT-7 Kolasib, Hmar veng- police KT-14 Kolasib, Vengthar- ICAR

station complex
KT-8 Kolasib, Saidan-I KT-15 Kolasib, Project  veng-
KT-9 Kolasib, Saidan -l Agriculture Guest House
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KT-16 Kolasib, Forest veng- below old KT-24 Bualpui - near BSNL

DFO'’s office KT-25 Kawnpui —police station
KT-17 Kolasib, Rengtekawn-I KT-26 Kawnpui — Aizawl road |
KT-18 Kolasib, Rengtekawn-I| KT-27 Kawnpui — Aizawl road I
KT-19 Bilkhawthlir -near BSNL KT-28 Kawnpui —PWD office

KT-20 Bilkhawthlir- near Post Office  KT-29 Kawnpui — along Mualvum road
KT-21 Thingdawl -near Agriculture KT-30 Kawnpui — Hortoki road |
Park KT-31 Kawnpui — Hortoki road Il
KT-22 Thingdawl pumping station KT- 32 Kawnpui — Hortoki road llI
KT-23 Bualpui - below FCI

Tuichhuahen has been divided into twelve wefingel micro watersheds
based on physiography. The presented results falthe micro-watersheds
identified as Number I, II, IV, VI and VII by Ra2005).
Micro-Watershed number I: It expands over an afea®b sg. km, with its stream
length 5.00 km, perimeter 13.50 km. and comprideth® southern most part of
the study area i.e. Kawnpui. As many as 74 stre#drdgferent orders are pouring
water to the micro-watershed which includes theymea samples KT-27 to KT-
30.
Micro-Watershed number II: It expands over an ané®.38 sq. km, with its
stream length 5.50 km, perimeter 15.50 km. and c@ep of the area known as
Thingdawl situated in the immediate south of thdalki town under study area.
As many as 60 streams of different orders are pguwater to the micro-
watershed which includes the analysed samples Kib-&ar-21.
Micro-Watershed number IV: It expands over an avéd@8.04 sq. km, with its
stream length 4.00 km, perimeter 15.90 km. and c@ep of the southern part of
the Kolasib town under study area. As many ast@asis of different orders are
pouring water to the micro-watershed which incluttesanalysed samples KT-14
to KT-4.
Micro-Watershed number VI: It expands over an ave&.33 sq. km, with its
stream length 4.00 km, perimeter 11.00 km. and cm@p of the Kolasib town of
the study area. As many as 59 streams of diffevetdrs are pouring water to the

micro-watershed which includes the analysed samfleS to KT-18.
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Micro-Watershed number VII: It expands over an aoé&.46 sq. km, with its

stream length 4.40 km, perimeter 12.00 km. and cm@p of the northernmost

part of the study area i.e. Bilkhawthlir. As maasg/54 streams of different orders

are pouring water to the micro-watershed whichudek the analysed samples KT-

19 to KT-20.

In the further chapters these tuikhur samples aranged as they fall in the

respective Micro-watersheds in the study areapbsked by Rai (2005).

Micro water she | Sample Locatior
water Shed | KT-27 Kawnpu-Azl rd |
KT-26 Kawnpu-Azl rd |
KT-25 Kawnpu-police s
KT-28 Kawnpu-PWDC
KT-29 Kawnpu-Mualvum rc
KT-32 Kawnpu— Hortoki 1ll
KT-31 Kawnpui— Hortoki 1l
KT-3C Kawnpui— Hortoki |
Water shed I KT-24 Bualpuj BSNL
KT-23 Bualpui- below FC
KT-22 Thinadaw! pump ¢
KT-21 Thingdaw-Aari Park
Water shed IV KT-14 Klb-ICAR comple:
KT-11 Klb-Diakkawn groun
KT-13 Klb-Diakkawr- Azl rd Il
KT-12 Klb. Diakkawr- Azl rd |
KT-16 Klb, Forest ven
KT-15 Klb. Project ven
KT-3 Klb-old UPC churc
KT-1 Klb-Convent rt
KT-2 Klb. St John's scho
KT-4 Klb- Vendalai P/¢lll
Water shed VI KT-5 Klb-Banalakaw
KT-6 Klb-electric ven:
KT-7 Klb. police s
KT-9 Klb-Saidar-Il
KT-8 Klb- Saidarl
KT-1C Klb-petrol pumi
KT-17 Klb-Renatekaw-1
KT-18 Klb-Renatekaw-1l
Water shed VI KT-19 Bilkhawthlir-BSNL
KT-2C Bilkhawthlir-Post Off
3.1.2.2 Samples of PHE (supply) water (KP)
KP-1 Kolasib, Venglai- Paster’s KP-3 Kolasib, Venglai — Hospital
residence KP-4 Kolasib, Banglakawn — Didi

KP-2 Kolasib, Venglai — Lalkunga’s

house

restaurant
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KP-5 Kolasib, Banglakawn — Post
Office

KP-6 Kolasib, Project veng — BSNL
office

KP-7 Kolasib, Project veng — Electric
sub station

KP-8 Kolasib, Diakkawn — Paradise
restaurant

KP-9 Kolasib, Diakkawn —Pu Hlua’'s
house

KP-10 Kolasib, Hmar veng- MST

Bus stand

KP-12 Kolasib, Rengtekawn- near
Police check gate

KP-13 Thingdawl- near Post office
KP-14 Bualpui- Gorkha hotel

KP-15 Bualpui- FCI godown

KP-16 Kawnpui- near Govt. High
school

KP-17 Kawnpui — near Hospital
KP-18 Kawnpui — near Mizoram
Rural Bank Branch

KP-19 Bilkhawthlir — near Hospital
KP- 20 Bilkhawthlir — PWD office

KP-11 Kolasib, Electric veng- near
PHE office

3.1.2.3 Samples of Stored Rain water
KR-1 Venglai, Kolasib

KR-2 Project veng, Kolasib

KR-4 Diakkawn, Kolasib

KR-5 Hmar veng, Kolasib

KR-3 Banglakawn, Kolasib

3.1.3 Sample Collection Scheme
Grab samples of Tuikhur waters (KT) and PHED suppigters (KP) were
collected from 2005 to 2008 in pre monsoon, monsa@wh post MoNsoon seasons
consecutively. The collection of samples was stladiering post monsoon season
of 2005. In this session various field works wepaducted and 22 KT and 11 KP
samples were collected. In the next session ieenmnsoon of 2006, 27 KT and
20 KP samples were procured. During the monsocsoseaf 2006, 24 KT and 14
KP samples along with 5 KR samples were collecBidce post monsoon, 2006
till pre monsoon of 2008 consistently 32 KT and K® samples were collected.
However, in monsoon 2007 number of KR samples neethb only, because of
the fact that the limited number of houses equippid the harvested rain water
collection facilities.
Samples of potable water to be analyzed are repeses of the source from
which water is drawn for different purposes. Thiosgmples we aim to mimic the
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entire source or get a scaled down model of thieeesburce. The integrity of the
samples are maintained to ensure that the contientraf various water quality
parameters do not change in the time that elapsesebn drawing the samples and
analysis in the laboratory. Liquid samples are 8ipalassified into two major
groups, i.e. the one called instantaneous/ spafi/sor grab samples and the other
continuous or composite samples. A grab sample asually collected single
portion of sample of water or waste water. Whengtrab samples of a particular
water or waste water is collected at regular irgdlsrvfor a specific period and
mixed, then the integrated sample is known as ‘ausit@ sample’.
For the present work, as the water samples wereogeneous, it was suffice to
take the grab sample only. Water samples wereatetlein polythene bottles of
500 ml capacity fitted with airtight caps. Beforellection of samples, polythene
bottles were cleaned thoroughly and rinsed withiléid water. Samples for
bacteriological examination were collected in clead sterilized narrow mouthed
neutral glass bottles of 500 ml capacity. The noostvenient point for sampling
potable waters is the consumers’ premises. Samna@ss possibly taken from a tap
directly connected to the main in case of PHE supphter samples. Details
regarding the position of the premises relativéht supply main and its possible
proximity to a dead- end were noted while such dampvere taken. Before
collecting the samples, the inside and outsidéheftap were thoroughly cleaned.
The water being sampled was then allowed to wastesémetimes so that the
sample was the representative of the whole supply.
3.1.4 Sample Collection Techniques
A proper record of potable water samples colledtedguitable containers was
maintained throughout the study period. The coetaimere labeled with:

i) Sample number

1)) Date of collection of the sample

iii) Time of collection of the sample

iv) Name of the source of the sample
All these information were written on gummed papansl were pasted on the
respective containers. After labeling, the samplese immediately brought to the
laboratory for analysis to avoid any alterationdeterioration in their quality due
to chemical or microbial activity.
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No single method of preservation is enyirgdtisfactory and the preservative
should be chosen with due regard to the deterrimatithat are to be made. It
should be noted that the preservative added forconestituent should not affect
the determination of other constituent. Keeping shenples in the dark at low
temperature is the best possible preservation. Menveo avoid any change in
quality parameters during delay in the analysigable preservatives were added
to the water samples.

3.2 Laboratory Work
Laboratory work involves analysis of physical, cleah and bacteriological
parameters. Physical parameters include pH, etattdonductivity (EC), total
dissolved solids (TDS), and turbidity. Chemicalgaeters selected for this work
include total alkalinity (TA), total hardness (THjarbonate (C€}), bicarbonate
(HCOy), sulphate (Sg¥), total chloride (TC), fluoride (F), nitrate (NQ), and
metals and heavy metals like Na, K, Ca, Mg, Cr, &, Co, Ni, Cu, Zn, Cd, Pb
and As. The bacteriological examination includeststéor total coliforms and the
result is reported as most probable number (MPN).
3.2.1 Physical Parameters
The study of physical parameters of water is higiggential because the quality of
water and ability to dissolve the chemicals inoitatly depends on the physical
characteristics of water. The physical propertiesvater is very important since
the disposal of domestic sewage, more utilizatibfedilizers to the soil for high
yield of crops, industrial effluents discharged ttee surface water and ever
increasing human population have threatened thaigieg| standard of potable
waters.

3.2.1.1 In Situ Physical Parameters
Physical parameters such as temperature, colooyrp@H, EC and TDS were
tested in situ. Temperature of the water samples measured with the help of a
stem thermometer in degree Celsius. Colour of theemsamples was determined
by the visual method while pH, EC and TDS wereegédiy portable pH, EC and
TDS meters.
3.2.1.2 Laboratory
3.2.1.2.1 pH:pH represents the effective concentration (aghivaf hydrogen ions
(H") in water. This concentration could be expressethé same kind of units as
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other dissolved species, but Ebncentrations are much smaller than other species
in most waters. The activity of hydrogen ions canelipressed most conveniently
in logarithmic units pH is defined as the negafwgarithm of the activity of H
ions:
pH = -log TH
Where [H] is the concentration of Hons in moles per liter.
In water solution, variations in pH value from #anainly due to hydrolysis of
salts of strong bases and weak acids or vice vBisaolved gases such as carbon
dioxide, hydrogen sulphide and ammonia also atteetpH of water. The overall
pH range of natural water is generally betweend &nindustrial wastes may be
strongly acidic or basic and their effect on pHueabf receiving water depends on
the buffering capacity of water. pH lower than 4! wroduce sour taste and higher
value above 8.5 bitter tastes. Higher value of @idténs the scale formation in
water heating apparatus and reduces the germjmidantial of chlorine. pH below
6.5 starts corrosion in pipes, thereby releasingtmetals such as Zn, Pb, Cd, Cu
etc. Changes in pH can also affect aquatic liferendly by altering other aspects
of water chemistry. Low pH levels accelerate tHease of metals from rocks or
sediments in the stream. These metals can affisit’a metabolism and the fish’'s
ability to take water in through the gills, and dalh fish. pH measurements also
provide a very quick and easy to obtain apprai$ah® acid- base equilibrium in
an ecological system. The pH measurements were itosieu on a portable pH
meter (Eutech, Oakton).
3.2.1.2.2 EC: Electrical conductivity of a water sample is a swa of
concentration of mineral constituents present.iti is also a measure of the ability
of the sample to carry electric current. It is agdic¢ator of dissolved ions present in
water samples. Electrical conductivity of the watamples was determined at the
sampling sites itself by a portable conductivitytengEutech, Oakton). The EC
values were recorded in pS/cm.
3.2.1.2.3 TDS:Total dissolved solids (TDS) are the amount ofdsalibstances
dissolved in the water samples. In natural wat#rs, dissolved solids consist
mainly of carbonates, bicarbonates, sulphatesategrand possibly phosphates of
calcium, magnesium, sodium and potassium with $radeiron, manganese and
other substances. The amount of dissolved solidssept in water is a
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consideration for the suitability for domestic uSéhe TDS values were also
measured in situ with the help of a portable TD$emgutech, Oakton).
3.2.1.2.4 Turbidity: Turbidity is a measure of the degree to whichvwhéer looses
its transparency due to the presence of suspendeityates. The more total
suspended solids in the water, the murkier it seanasthe higher the turbidity.
Turbidity is considered as a good measure of thaitguof water. There are a
number of parameters that influence the cloudirtésthe water; however, it is
generally caused by phytoplankton, sediments froosien, waste discharge, algae
growth, urban runoff etc. The suspended partickesod heat from the sunlight,
making turbid waters become warmer, and so redutihmy concentration of
oxygen in the water (oxygen dissolves better irdeolater). Some organisms
also can't survive in warmer water. The suspendatigles scatter the light, thus
decreasing the photosynthetic activity of plantsl atgae, which contributes to
lowering the oxygen concentration even more. Tutpiof the samples was
determined by a Nepheloturbiditymeter (SystroniggitBl Nepheloturbiditymeter-
132) in NTU using hydrazine sulphate and hexametie/ketramene as standards.
3.2.1.2.4.1 Preparation of Reagents and Standards
1 g of hydrazine sulphate was dissolved in distiNeater to prepare 100 ml of
solution (a). 10g of hexamethylene tetraamine wssodlzed in 100 ml of distilled
water to prepare 100 ml of solution (b). 5 ml ofleaf the solutions (a and b) were
mixed in a 100 ml volumetric flask and was allowedstand for 24 hours at 25°C.
This solution was diluted with distilled water thet mark. This is a suspension
having 400 NTU and can be stored for about a mdrdtml of this stock solution
was diluted to 100 ml with distilled water. Thisustlard solution has 40 NTU and
can be stored for about a week.
3.2.1.2.4.2 Procedure

i. The nephelometer was set at 100 using 40 NTU stdnsiaspensions.

Every per cent on the scale is equal to 0.4NT Uidiitsb
ii. The sample was shaken thoroughly to let the aiblasbsubside.
iii. The sample was taken in nephelometer sample tutheéhenvalue on the

scale was recorded.
Calculation: | Turbidity= Nephelometer reading x 0.4 x dilutiotiar
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3.2.2 Chemical Parameters
3.2.2.1 Total alkalinity

Alkalinity is a measure of the buffering capa@fywater, or the capacity of
bases to neutralize acids. Measuring alkalinityinportant in determining a
stream's ability to neutralize acidic pollution rirorainfall or wastewater.
Alkalinity does not refer to pH, but instead reféosthe ability of water to resist
change in pH. Alkalinity test is performed to detare bicarbonate (HCH, and
carbonate (C&) and occasionally hydroxide (OHons.

Total alkalinity was determined by titration withstandard solution of a
strong acid indicated by means of colour. Phenblokin indicator enables the
measurement of that alkalinity fraction that is twilsuted by the hydroxide and
half that by carbonate. Indicators responding t piH range 4-5 are used to
measure the alkalinity contributed by hydroxidebomate and bicarbonate ions.
3.2.2.1.1 Reagents
Phenolphthalein indicator solution:

i. 5g of Phenolphthalein disodium salt dissolved itré.bf distilled water;
ii. Standard sulphuric acid of 0.02N strength;
iii. Methyl orange indicator solution: 0.05g of methyhige dissolved in 1
litre of distilled water.
3.2.2.1.2 Procedure
Phenolphthalein alkalinity (P-Alkalinity)
i. 0.1 ml of phenolphthalein indicator was added tonflOof the water
sample.
il. It was titrated with 0.02N standard sulphuric atidthe colouration
corresponding to the proper equivalence point oBHdevelops.
Total alkalinity by methyl orange indicator method
i. 0.1 ml of methyl orange indicator was added to gbkition in which
phenolphthalein alkalinity had been determined.
il. This solution was titrated with 0.02N standard atid the proper
equivalence point. The indicator changes to oraigeH 4.6 and pink
at pH 4.0.
Calculation
Phenolphthalein alkalinity as mg/l Cag© Ax X000

B x N x 50000 36



Total alkalinity as mg/l CaCO=
Where A = ml titrant required for sample to reatiemolphthalein end point

B = total ml titrant required to rea@tsnd end point

N = Normality of the acid
Calculation of alkalinity relationship
The results obtained from the phenolphthalein andl @lkalinity determinations
offer a means for the stoichiometric classificatafnthe three principal forms of
alkalinity present in the water samples.
Carbonate alkalinity is present when the phenokdbkth alkalinity is not zero but
less than the total alkalinity.
Hydroxide alkalinity is present if the phenolphthial alkalinity is more than half
of the total alkalinity.
Bicarbonate alkalinity is present if the phenol@iim alkalinity is less than half
of the total alkalinity.
Alkalinity relationship

Result of| Hydroxide Carbonate alkalinity | Bicarbonate
titration alkalinity as CaC@ alkalinity

as CaC@ as CaC@
P=0 0 0 T
P<1/2 0 2P T- 2P
P=1/2 0 2P 0
P> 1/2 2P-T 2 (T-P) 0
P=T T 0 0

P = Phenolphthalein alkalinity, T= Total alkalinity
3.2.2.2 Total hardness

Hardness is a measure of polyvalent cations (iitis a charge greater
than +1) in water. It generally represents the eatration of calcium (G3) and
magnesium (M%) ions, because these are the most common polyvedgions.
Other ions, such as iron (Bpand manganese (M®, may also contribute to the
hardness of water, but are generally present inhmogver concentrations.
Hardness affects the amount of soap that is netededduce foam or lather. Total
hardness of the samples was measured by the ERrirAetiric method.

Principle of the titration
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Ethylenediamine tetra acetic acid and its sodiwaitssform a chelated

soluble complex when added to a solution of certagtal cations. If a small

amount of Eriochrome Black T is added to an aquesmhstion containing Ca
and Md" ions at a pH of 10.0-10.2, the solution becomasewed. If EDTA is

then added as a titrant the?Cand Md" ions get complexed and after all the ions

have been complexed the solutions turn from wirte teeblue. This is the end

point of the titration.
3.2.2.2.1 Reagents

Buffer solution: 1.179g of disodium salt of EDTAerates and 0.78g of
MgSQ.. 7H0O was dissolved in 50 ml of distilled water. A nuist of 16.99
of NHsCl and 143 ml of conc.N¥DH was added to this solution and
diluted to 250 ml with distilled water.

Inhibitor: 4.5g of hydroxyl amine hydrochloride wdssolved in 100 ml of
ethyl alcohol. It acts as an inhibitor for inteifey ions.

Indicator: 0.5g of Eriochrome Black T dye was mixedh the inhibitor

made above.

. Standard EDTA titrant of 0.01M: 3.723g of disodiethylenediamine tetra

acetate dehydrate (EDTA) was dissolved in distilleter and diluted to
1000 ml.

Standard calcium solution: 1.0g of anhydrous CaQiowder was
transferred into 500 ml distilled water and addedttl+1 HCI until all
CaCQis dissolved. To this solution, 200 ml distilled talawas added and
boiled for few minutes. The solution so obtainedasled and a few drops
of methyl orange were added and adjusted to thernm@diate orange
colour by adding 1+1 HCI. The solution is transéerrinto a 1 litre
volumetric flask and diluted to the mark with disd water. This standard

solution is equivalent to 1.0 mg Cagyaer 1.0 ml.

3.2.2.2.2 Procedure

25 ml of the sample was diluted to 50 ml with dlisti water and 1-2 ml of
buffer solution was added.
1-2 drops of Eriochrome Black T indicator was adttethe above solution.
Standard EDTA titrant was added slowly with conssinring until the last
reddish tinge disappears and the colour of thetisollbbecomes blue.
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Calculation
Hardness (EDTA) as mg/l CaGE (ml EDTA titrant x 1000 x N)/ ml sample
Where N = mg CaCg¢equivalent to 1.0 ml EDTA.
3.2.2.3 Calcium

Calcium was determined by EDTA titrimetric methodWhen
ethylenediamine tetra acetic acid is added to watenples containing both
calcium and magnesium, it combines first with aaieithat is present in the
sample. Calcium is determined directly using EDT/Aew the pH is made
sufficiently high so that magnesium largely pretEpad as the hydroxide and an
indicator is used which combines with calcium only.
3.2.2.3.1 Reagents

i. Sodium hydroxide 1N: 40g of NaOH is dissolved aitdted to 1 litre with

distilled water.

ii. Murexide indicator: It is prepared by mixing 0.26gmurexide with 100g
of solid NacCl.

iii. Standard EDTA titrant 0.01M: It is prepared by diss\g 3.723g of
disodium ethylenediamine tetra acetic acid dehgdsdlt in 1000 ml

distilled water.
3.2.2.3.2 Procedure
i. 20 ml of water sample was taken in a conical flask.
ii. 2 mlof 1N- NaOH was added to the conical flask.

iii. To the above solution 1 drop of murexide indicat@s added and titrated
with EDTA titrant with continuous stirring till aysple colour persists. This

is the end point.

Calculation
Ca (mg/l) = ml EDTA titrant x 400.80/ ml sample
3.2.2.4 Magnesium
Magnesium ions were calculated from the total hesd obtained by the
EDTA titrimetric method and the calcium ions estiethby using the formula,
Mg (mg/l) =  TH-(2.497xCa)

Where TH= Total hardness
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Ca= Amount of calcium estimated by EDfltAation
3.2.2.5 Sulphate

Estimation of sulphate ions was done by turbidioenethod. Sulphate
ions are precipitated in a hydrochloric acid mediuith barium chloride in such a
manner so as to form barium sulphate. The absogbahsulphate suspension is
measured by spectrophotometer and sulphate iorentration is determined by
comparision with a standard curve.
3.2.2.5.1 Reagents

i. Conditioning reagent: 50 ml of glycerol was mixedthwa solution
containing 30 ml HCI, 300 ml distilled water, 100 5% ethyl alcohol
and 75g sodium chloride.

ii. Barium chloride crystals

iii. Standard sulphate solution: 0.1479g of sodium suéphvas dissolved in
distilled water and diluted to 1000 ml. This saduticontains 100ppm of
SOy

3.2.2.5.2 Procedure

i. 100 ml of the sample was taken in a 250 ml flaslkd Bl of the
conditioning reagent was added to this and mixedl we

ii. A pinch of BaC} crystals was added to the above solution ancedtifor
one minute.

iii. Immediately after stirring some of the solution wpsured into the
spectrophotometer at 420nm and turbidity was measuReadings were
taken at an interval of 30 seconds for 4 minuté®e Mighest reading was
considered as the main reading.

iv. The sulphate concentration in the sample was edriay comparing the
turbidity reading with a standard curve made by jgarnmg with standard
sulphate solution.

Calculation
Sulphate (S&) mg/l= mg SQ x 1000/ml sample
3.2.2.6 Total Chloride
Chloride is invariably present in small quantityalmost all natural waters
and its content goes up appreciably with increasaljnity. Chloride mainly
reaches to the water bodies from the leaching @fricke- containing rocks and
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soils with which the water comes in contact. It minpart salty taste to water
depending on the nature of the cation constituddigh chloride concentrations
may harm metallic pipes structures. Its higher eot@tions in irrigation waters
may be harmful to many plant species.

Chloride was estimated by volumetric tita of neutral or slightly alkaline
sample against silver nitrate solution using peta@sshromate as an indicator. On
adding silver nitrate to the water sample it readgth chloride ions of the sample
to form silver chloride which gets precipitated. &hall the chloride ions have
been converted to silver chloride, the titrant teagith potassium chromate to
form silver chromate. The red colour of silver amaie changes to pinkish yellow
colour at the end point.
3.2.2.6.1 Reagents

i. Standard silver nitrate titrant, 0.0141N: 2.396AgNO3; was dissolved in

distilled water and diluted to 1000 ml. It was stin a brown bottle.

ii. Standard sodium chloride solution, 0.0141N: 0.824dfg NaCl was

dissolved in distilled water and diluted to 1000 ml

iii. Potassium chromate indicator solution: 50g €O, was dissolved in a
little distilled water and added to it silver nigasolution until a definite red
precipitate is formed. The above solution was a#ldwo stand for 12

hours, filtered and diluted the filtrate to 1000wih distilled water.
3.2.2.6.2 Procedure
i. 100 ml of the sample was taken in a conical flask.
i. 1 mlof KyCrOyindicator solution was added to the sample.

iii. The above solution was titrated with standard silvérate solution till a

pinkish red colour persists. This is the end point.
iv. Similar experiment was performed for blank also.
Calculation
ClI'(mg/l) = (A-B) x N x 35.45 x 1000/ ml sample

Where A= ml AgNQ for sample,
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B= ml AgNG; for blank,
N= normality of AQNQ solution

3.2.2.7 Fluoride

Fluoride is one of the very few chemicals that hdeen shown to cause
significant effects in people through drinking-watEluoride has beneficial effects
on teeth at low concentrations in drinking-watert &xcessive exposure to fluoride
in drinking-water, or in combination with exposucefluoride from other sources,
can give rise to a number of adverse effects. Thasge from mild dental
fluorosis to crippling skeletal fluorosis as thevdke and period of exposure
increases. Crippling skeletal fluorosis is sigrific course of morbidity in number
of regions of the world. Fluoride is known to oc@irelevated concentration in a
number of parts of the world and in such circumstancan have, and often has, a
significant adverse impact on public health and tveing.

Most people associate fluoride with the practi¢eintentionally adding
fluoride to public drinking water supplies for tlprevention of tooth decay.
However, fluoride can also enter public water gystefrom natural sources,
including runoff from the weathering of fluoridet@t@ining rocks and soils and
leaching from soil into groundwater.

Fluoride contents in drinking water samples weretednined using
expandable lon-Analyzer Model EA 940 with fluoriden selective electrode
(Orion lon Selective Electrode Model 96-09) at NlThimbai.
3.2.2.7.1 Principle of Operation of the Fluoride I&

In the case of the” BSE, the ion-selective membrane is a single clysta
Lanthanum Fluoride (Lafr doped with Europium Fluoride (Ew)Fwhich produces
holes in the crystal lattice through whichiéns can pass. When immersed in a
fluoride solution and connected via a voltmeteatoAgCIl/KCI external reference
electrode immersed in the same solution, the neg&tiions in the solution pass
through the crystal membrane by normal diffusiamfrhigh concentration to low
concentration until there is an equilibrium betwelea force of diffusion and the
reverse electrostatic force due to repulsion betvpseticles of similar charge. On

the other side of the membrane there is a correspgmuild-up of positive ions.
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The buildup of negative "Fions on the inside of the membrane is
compensated for by Tbns in the internal reference solution becomiagtralized
by combining with the Ag/AgCl wire, and electron® @hus forced through the
external wire to the voltage measuring device (ioeter or computer interface).
The other terminal of the voltmeter is connectedtiie Ag/AgCl wire of the
external reference electrode. Here, the influelettrons causes Ag ions in the
filling solution to accept electrons and depositloasilver wire and, consequently,
CI" ions to flow out into the sample solution.

Note that, in general, depending on the conceotrstinside and outside
the membrane and which ion is being measuredhalte¢actions described above
could occur in the opposite direction.
3.2.2.8 Nitrate
Though nitrate is an essential element in thepifacesses of plants and animals, it
is potentially hazardous when present in drinkingtew at sufficiently high
concentrations. Numerous sources in the environemmitibute to the total nitrate
content of natural watengz. atmosphere, geological sources, soils, atmospheri
nitrogen fixation and anthropogenic sources thatlushe industrial wastes
containing N- compounds, human and animal wastesagnicultural activities.
Nitrate (NQ) is highly soluble (dissolves easily) in water andtable over a wide
range of environmental conditions. It is easilynsorted in streams and
groundwater. Nitrate itself is relatively non- toxbut when ingested with food or
water, it may be reduced to nitrite by bacteriaghie mouth or gut. This reduced
nitrite is a potential threat to human health whHeand in excess quantity in
drinking water. Methemoglobinemia, commonly knove‘lalue baby disease in
infants is closely related to nitrate concentratiodrinking water. Infants are most
prone to nitrate concentration because they haderdeveloped metallic enzyme,
relatively small blood volume and greater reacgyiat fetal haemoglobin.

The determination of nitrate concentration in #anples was done by
ultraviolet spectrophotometric method. MeasurenadritVV absorption at 220 nm
enables rapid determination of RO Since dissolved organic matter also may
absorb at 220 nm and NQdoes not absorb at 275 nm, a second measurement

made at 275 nm is used to correct thesN@lue. Acidification with 1N HCI is
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designed to prevent interference from hydroxidearbonate concentrations up to
1000 mg CaCgll.

3.2.2.8.1 Reagents

i. Stock nitrate solution: Potassium nitrate (K)@ dried in an oven at 106 for

24 hours. 0.7218g of dry KNOwas dissolved in distilled water and diluted to
1000 ml. This solution is stable for about a pewrddix months.

iil. Intermediate nitrate solution: 100 ml of stonkrate solution was diluted to
1000 ml with distilled water. This solution is als@ble for about six months.

iii. Hydrochloric acid solution, HCI, 1N.

3.2.2.8.2 Procedure

i.  Treatment of sample: 1ml of HCI solution was adtted0 ml of sample

and mixed thoroughly.

ii.  Preparation of standard curve: NQralibration standards were prepared in
the range of 0 to 7 mg NO -N/I by diluting to 50 ml the following
volumes of intermediate nitrate solution: 0, 1.0000, 4.00, 7.00,

...35.00ml. NQ~ standard was treated in the same manner as sample.

iii.  Spectrophotometric measurement: A wavelength of @220was used to
obtain NQ ~reading and a wavelength of 275 nm was used tardite

interference due to dissolved organic matter.

Calculation

Two times of the absorbance reading at 275 nm whsacted from the reading at
220 nm for samples and standards to absorbancéodN®; . A standard curve
was constructed by plotting absorbance due tg Bigainst NQ™ - N concentration
of standard.

3.2.2.9 Metals and Heavy Metals

All the metals and heavy metals were measured &AES (Horiba Jobin Vyon
ULTIMA-2) at IIT Mumbai.

3.2.2.9.1 Principle

ICP emission spectrometry is a comparatively neshrigue with enormous
potential in geochemistry. In principle the methedcapable of measuring most
elements in the periodic table with low detectianits and good precision over

several orders of magnitude. Elements are measgimaditaneously and a
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complete analysis can be made in the space of ahmuminutes, making it an
extremely rapid analytical method.

ICP emission spectrometry is a ‘flame’ techeiquith a flame temperature in
the range of 6000-10000K. It is also a solutiorhtegue and standard silicate
dissolution methods are employed. The sample swolu passed as an aerosol
from a nebulizer into argon plasma. The inductiveypled plasma is a stream of
argon atoms, heated by the inductive heating @idéorfrequency coil and ignited
by a high frequency Telsa spark. The sample diagexin the argon plasma and a
large number of atomic and ionic spectral linesexeted. The spectral lines are
detected by a range of photomultipliers, they amngared with calibration lines
and their intensities are converted into conceiotnat
3.2.3 Bacteriological Parameters
3.2.3.1 Total Coliform
The total coliform group includes the aerobic alne facultative anaerobic, gram-
negative, non-spore- forming, rod- shaped bact&aa ferment lactose with gas
production within 48 hours at 35 (APHA, 2005). This group includes the
Escherichia coli, Enterobacter, Klebsiella and K#cter. These coliforms are
discharged in high numbers (2 x*1@bliforms per day per capita) in human and
animal feces, but not all of them are fecal oridgihese indicators are useful for
determining the potable water, shellfish- harvegtiraters and recreational waters
(Bitton, 1999). In water treatment plants, totalifooms are one of the best
indicators of treatment efficiency of the plant.idlgroup has also been found
useful assessing the safety of reclaimed wasteviatdre Windhoek reclamation
plant in Namibia (Grabow, 1990)
3.2.3.1.1 Test Procedure to determine Most ProbabMumber (MPN)

The multiple tube fermentation technique was usedehumerate positive

presumption and confirmed coliform test.

3.2.3.1.1.1 Presumptive Test

Dilution above 1:1000 was prepared; five fermentatubes previously filled with

9 ml of Mac Conkey broth were prepared for eachtidih. Now one Durham'’s

vial was put in an inverted condition inside eaetnfentation tube. The tubes were

plugged with cotton and sterilized in an autocldvew sample was added to each

test tube with the help of a sterilized pipettee Tilbes were vigorously shaken and
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incubated at 35-3C for 48 hours. Each test tube was examined for gas
production. The tubes showing gas in the Durhan@bwere recorded as positive.
The tubes showing positive results were now suégetts the confirmatory test.
3.2.3.1.1.2 Confirmatory Test

The fermentative tube was filled with 10 ml Belit Green Lactose Bile
(BGLB) broth and Durham’s vial was put in an ineettposition in each
fermentation tube. The positive tubes were shakemly and one loopful of
sample was transferred to each fermentative tube®®GLB broth. These tubes

were incubated at 35-%2 for 48 hours.

The tubes producing gas were recorded as posithee MPN/100 ml was

calculated.

MPN table value x 10

MPN/100 ml= Starting value
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CHAPTER 4: RESULT

The studied physico-chemical and bacteriologicaapeters for KT, KP and KR

water samples are presented in Table 3 to Tabl®o2three consecutive years
starting from post monsoon season of 2005 tillmposmsoon of year 2008. Further,
KT water samples are arranged water-shed wisederdo understand the degree

of rock-water interaction. The various watershedsl®t variation in the host rock

types.

The results are described comprehensively in oadephysical, chemical and
bacteriological parameters for all types of potabkter in all the seasons from
2005 to 2008.
4.1 Physical Parameters
4.1.1 pH
There is a considerable amount of variations invilees of pH of samples in a
particular season of a year as well as in diffeseatsons of different years. During
post monsoon season in the year of 2005 where aamney lesser number of
KT and KP samples were collected and examinedpkh@alues for KT samples
vary from a minimum of 6.7 to a maximum of 7.9 wahmean value of 7.07
(Table 3).During the same year in the same season for thesatiples the pH
values range from a minimum of 6.9 to a maximunuealf 7.7 having an average
value of 7.22 (Table 4). In pre-monsoon of 20086,dH varies from a minimum of
6.7 to a maximum of 7.7 and the mean value is 702(KT samples (Table 5)
whereas for KP samples of the same period the fpir¢saary from 6.7 to 7.6 with
a mean value of 7.15 (Table 6). Variation in pH basn recorded as 6.7 to 7.6
(mean 7.05) for KT samples in monsoon season 06 Z0@ble 7)whereas KP
samples of the same period record a minimum o&fd’7a maximum of 7.3 (mean
6.99) (Table 8)During post monsoon season of 2006 the pH valu&S cfamples
vary from a minimum of 6.8 to a maximum of 7.7 wahmean value of 7.18
(Table 10).The KP samples for the same period shovnimum value of 7.0 and
a maximum value of 7.80 (mean 7.30) for pH (Tabjell
Pre monsoon of 2007 shows variation in pH valuemfa minimum of 6.8 to a
maximum of 7.5 having a mean value of 7.16 foiallsamples (Table 12). The
value of pH for KP samples, during the period ranfyjem 6.8 to 7.4 (mean 7.19)
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(Table 13). In monsoon season of 2007 the pH valagsfrom a minimum of 6.7

to a maximum value of 7.5 with an average valu& 68 for the KT samples

(Table 14) whereas during the same period thedfthpses record pH values from
a minimum of 6.7 to a maximum of 7.4 ( mean 7.0/ghle 15). The pH values
show variation from 6.7 to 7.5 (mean 7.05) for Kamples (Table 17) during post
monsoon of 2007. The KP samples recorded variaitiopH values from a

minimum of 7.1, slightly higher, to a maximum ob#vith a mean value of 7.37
(Table 18). In pre monsoon 2008 the KT samples ghidwalues ranging from 6.8
to 7.5 (mean 7.18) (Table 19) whereas pH of KP $esnfor the same period
varies from 6.9 to 7.5 having a mean value of {Pdble 20). The pH values of
KR samples vary from 6.9 to 7.2 and from 7.0 to duting monsoon of 2006
(Table 9) and 2007 (Table 16) respectively. Vasiain pH for all KT samples in

different watersheds has also been recorded.

Variations in pH in watershed | have been obsefvech a minimum of 6.7 to a

maximum of 7.9. However, in watershed Il it randgesm 6.7 to 7.6. Further,

variation in pH in watershed IV has been recordenfa minimum of 6.7 to a
maximum of 7.5. It varies from 6.8 to 7.7 in watexd VI and from 6.9 to 7.4 in
watershed VI.

4.1.2 Electrical Conductivity (EC)

The values of electrical conductivity show quitelaage variation in
different seasons in different years. The KT samptepost monsoon season of
2005 record variation in EC values from a minimum6@ to a maximum of
235puS/cm (mean 145.14uS/cm) (Table 3) whereas @heaties vary from 96 to
248uS/cm (Table 4) for KP samples in the same geBairing pre monsoon 2006
for KT samples the EC varies from 70 to 208uS/crab{@ 5) while the same
ranges from 88 to 230uS/cm (mean 150.35uS/cm) Pos&mples (Table 6) in the
same period. The EC values show variation from@mum of 72 to a maximum
of 190puS/cm (mean 129.29uS/cm) for KT samples @ahl and from 85 to
190pS/cm (mean 135uS/cm) for KP samples (Table 8jnsoon season of 2006.
The KT samples record variation in EC from 70 t@28/cm (mean 153.16uS/cm)
during post monsoon 2006 (Table 10) whereas ECesahi KP samples of the
same period vary from a minimum of 106 to a maximafr@76uS/cm with a mean
value of 194.90uS/cm (Table 11). The EC value dupre monsoon 2007 for KT

48



samples ranges from 80 to 220uS/cm (mean 147.84p) §/able 12) and the
variation for KP samples during this period is frd82 to 255uS/cm (mean
174.35uS/cm) (Table 13) which is higher than thahe former. During monsoon
season of 2007 it ranges from 72 to 185uS/cm (rh8ampS/cm) for KT samples
(Table 14) whereas during the same period it ver@s 80 to 220puS/cm (mean
147.65uS/cm) for KP samples (Table 15). The EGegariom a minimum of 72 to
a maximum of 244uS/cm (mean 154.69uS/cm) for KT@asnin post monsoon
2007 (Table 17) while for KP samples it ranges fraf® to 275uS/cm (mean
197.10pS/cm) during the same period (Table 18)hényear of 2008 during pre-
monsoon season the values of electrical condugtigty from a minimum of 80
to 225uS/cm (mean 149.38uS/cm) (Table 19) and fis&mples the variation in
these values has been recorded from 84 to 255u®i@an 176.1uS/cm) (Table
20) during the same period. The EC values of KRpgasnshow slight variation
from 10 to 25uS/cm during monsoon seasons of 200@6a07 (Table 9&16).

Watershed wise variation in EC has also been wededuring the study
period. In water shed |, the EC content varies feominimum value of 67uS/cm
to a maximum value of 225uS/cm. Further, it rarfges 107puS/cm to 192uS/cm
in watershed Il. In watershed 1V, the variationBR values has been recorded
from a minimum of 90uS/cm to a maximum of 244uS/¢towever, it ranges
from 81puS/cm to 232uS/cm in watershed VI whereawatershed VIl it varies
from a minimum of 108uS/cm to a maximum of 225uS/cm
4.1.3 Total Dissolved Solids (TDS)

The total dissolved solids (TDS) value varies framinimum of 50 to 162
mg/l with a mean value of 93.18 mg/l for KT sampiiesing post monsoon season
of 2005 (Table 3) where the same ranges for 76® g/l (mean 121.73 mg/l)
(Table 4) for KP samples during the same periogorenmonsoon 2006, the TDS
for KT samples changes from 49 to 147 mg/l (Tablegdd that of KP samples
from 57 to 153 mg/l (mean 101.60 mg/l) (Table 6)rtRer, in monsoon 2006
variation is from 59 to 150 mg/l (mean 96.88 miph) KT samples (Table 7and
from 60 to 152 mg/l (mean 102.0 mg/l) for KP samsp(€able 8). During post-
monsoon season of 2006 the TDS ranges from a mmiofu/7 to a maximum of
160 mg/l (mean 99.91 mg/l) of KT samples (Table w@)le it varies from 70 to
190 mg/l (mean 135.75 mg/l) in KP samples (Table IDS of KT samples varies
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from 53 to 155 mg/l (mean 99.25 mg/l) (Table 12)evdas the same ranges from
50 to 171 mg/l (mean 118.85 mg/l) (Table 13) for $&Pnples during pre-monsoon
2007.

During monsoon 2007 TDS value of KT samples charigem 55 to 148
mg/l (mean 91.25 mg/l) (Table 14) and the same Bfsdmples varies from 59 to
150 mg/l (mean 97.25 mg/l) (Table 15). The TDS af Kamples during post-
monsoon 2007 ranges from 50 to 160 mg/l (mean XO§/l) (Table 17) while
the same for KP samples varies from 72 to 190 ifmgdan 136.80 mg/l) (Table
18). During pre-monsoon 2008, it varies from a minn of 52 to a maximum of
158 mg/l (mean 99.81 mg/l) (Table 19) for KT samspihereas it ranges from 50
to 172 mg/l (mean 118.3 mg/l) (Table 20) for KP evah the same period.

TDS of KR water does not show considerable vamatit varies from 10 to
20 mg/l during monsoon seasons of 2006 and 20071¢B&:16).

In watershed-l, the TDS values vary from a minimom49 g/l to a
maximum of 154 mg/l for KT samples. Its values marigom 58 to 132 mg/l in
watershed-Il while the same show variation fromt®@62 mg/l in watershed-IV.
In watershed-VI it varies from a minimum of 50 tonsaximum of 160 mg/|
whereas in watershed-VII the variation s has beearded as 77 to 158 mg/I.
4.1.4 Turbidity

In the post monsoon season of 2005 turbidity of d&mples varies from
0.5 to 1 (Table 3) and for KP samples it rangemffb7 to 1 (Table 4) during the
same period. Turbidity of KT samples in monsoon@8Bows variation from 0.7
to 2.6 (Table 7) and it varies from 0.6 to 2.0 (f€a8) for KP water during the
same period. During pre monsoon 2006, it variesif@o3 to 1.0 (Table 5) and 0.4
to 1.3 (Table 6) for KT and KP samples respectiv®griation in turbidity has
been recorded from 0.5 to 1.0 (Table 10) and frad8rt®1.7 (Table 11) for KT and
KP water samples respectively during post monseasan of 2006. During pre
monsoon 2007 it varies from 0.5 to 1.0 (Table 1#) &tom 0.2 to 1.5 (Table 13)
for KT and KP water samples respectively. The valokturbidity range from 0.8
to 2.5 slightly higher for KT samples (Table 14)daftom 0.9 to 1.6 for KP
samples (Table 15) during monsoon 2007.

During post monsoon season of 2007, it ranges fddirto 1.2 (Table 17)

for KT samples and from 0.9 to 1.6 (Table 18) fdoP Isamples. The turbidity
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values vary from 0.6 to 1.1 (Table 19) and from ©.9.6 (Table 20) for KT and
KP water samples respectively during pre monsoasaeof 2008. The values of
turbidity of KR samples vary from 0.2 to 0.6 (TaB®pand from 0.3 to 0.6 (Table
16) during monsoon seasons of 2006 and 2007 résplgct

4.2 Chemical parameters

4.2.1 Total alkalinity (TA)

All the three sources of potable water i.e. KTR land KR have no
carbonate and hydroxide ions and as a result aligajpresent in water samples is
mainly due to the presence of bicarbonate ion. &fbee the values of total
alkalinity are equal to the values of bicarbonatepresent in water samples.

The total alkalinity varies from a minimum of 240 a maximum value of
85.0 mg/l (mean 40.05 mg/l) (Table 3) and from 84 108.50 mg/l (mean 97.55
mg/l) (Table 4) for KT and KP samples respectivielypost monsoon 2005. In the
monsoon season of 2006 the value of TA ranges #8r@ to 83.75 mg/l (mean
38.61 mg/l) (Table 7) and from 83.6 to 100.50 nfigréan 91.35 mg/) (Table 8) for
KT and KP water respectively. It varies from 16t3%25.0 mg/l (mean 21.64 mg/l)
(Table 9) for KR water of the same period. Tot&héhity of rain water samples is
much lower than that of KT and KP water samples.

The value of TA for KT samples during pre mons@f06 ranges from
31.40 to 86.25 mg/l (Table 5) and the same vaniemf87.25 to 108.25 mg/l
(Table 6) for KP samples of the same period. Th&tian has been recorded from
26.35 to 85.87 mg/l (mean 39.71 mg/l) (Table 1GJ &onm 91.25 to 108.50 mg/I
(mean 100.13 mg/l) (Table 11) for KT and KP samplespectively in post
monsoon 2006. The same varies from 31.40 to 48.86 fmean 40.04 mg/l)
(Table 12) for KT water and from 92.25 to 106.75/InGlmean 97.92 mg/l) (Table
13) for KP water in pre-monsoon season of 2007 ifigunonsoon 2007 the value
of total alkalinity ranges from 25.25 to 48.95 m@fiean 37.63 mg/l) (Table 14)
and from 83.60 to 98.85 mg/l (mean 91.55 mg/l) (@db) for KT and KP water
samples respectively. During the same season igsvémom 16.80 to 24.65 mg/l
(mean 21.85 mg/l) (Table 16) for KR samples. ThevBAies range from 26.55 to
53.75 mg/l (mean 38.92 mg/l) (Table 17) and from29® 108.75 mg/l (mean
100.98 mg/l) (Table 18) for KT and KP water respaty during post monsoon
2007. During pre monsoon 2008, it varies from 32@2%8.65 mg/l (mean 40.19
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mg/l) (Table 19) for KT water and from 92.50 to 18® mg/l (mean 98.87 mg/l)
(Table 20) for KP water.

It has been observed that the total alkalinity @alof KP samples are higher than
those of KT samples and for KR samples these valteeshe least. In watershed-I
the values of TA vary from a minimum of 31.96 mig/la maximum of 52.00 mg/I
whereas the same range from 37.25 to 86.25 mg/atershed-II. The variation in
watershed-IV has been recorded from a minimum d@® a maximum of 46.50
mg/l. Watershed-VI shows variation in TA valuesir0.15 to 48.95 mgl/l.

4.2.2 Total Hardness (TH)

The total hardness (TH) varies from 44.38 to 688&/1 (mean 53.40
mg/l), (Table 3) from 39.75 to 65.00 mg/l (mean1¥lmg/l) (Table 5) and from
37.25 to 57.20 mg/l (mean 47.15 mg/l) (Table 7)Kdrwater samples during post
monsoon 2005, pre monsoon 2006 and monsoon 200éatesely.

It ranges from 30.75 to 93.00 mg/l (mean 63.54Infdgable 4), from 35.25
to 88.00 mg/l (mean 56.46 mg/l) (Table 6) and fr8&75 to 77.35 mg/l (mean
54.08 mg/l) (Table 8) for KP water in post-mons@®5, pre monsoon 2006 and
monsoon 2006 respectively. During post monsoon 20@6 TH values show
variation from 43.95 to 65.78 mg/l (mean 53.25 m@hble 10) and from 67.90 to
106.70 mg/l (mean 82.23 mg/l) (Table 11) for KT &k samples respectively.
KT samples record variation from 43.95 to 67.90 Injgdean 55.36 mg/l) (Table
12) during pre monsoon 2007 whereas during the smemed it varies from 63.05
to 97.00 mg/l (mean 77.37 mg/l) (Table 13) for Kfnples. In monsoon season of
2007 the minimum value of TH for both KT and KP gdes is 38.8 mg/l while the
maximum values are 58.2 and 77.6 mg/l respecti{edple 14, 15). The values of
TH of monsoon water range from 24.25 to 29.1 mgiégn 26.19 mg/l) (Table
16). KT samples of post monsoon 2007 record varidtom 43.65 to a maximum
of 63.05 mg/l (mean 52.74 mg/l) (Table 17) wherdgeese values change from a
minimum of 63.05 to a maximum of 106.70 mg/l (m&4r00 mg/l) (Table 18) for
KP water in the same period. In the season of pyaseon 2008, it varies from
43.65 to 67.90 mg/l (mean 55.36 mg/l) (Table 19) &m 63.05 to 97.00 mg/l
(mean 78.81 mg/l) (Table 20) for KT and KP watanpkes respectively.

Watershed-I shows variation in TH from a minimurh 37.40 to a
maximum of 58.60 mg/l while watershed-Il recordsiaton in TH values from
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48.50 to 68.35 mg/l for KT samples. The TH rangesnfa minimum of 38.80 to
65.23 mg/l in watershed-VI and in watershed-VI #@ries from 37.25 to 63.05
mg/l.
4.2.3 Total Chloride (TCI)

The values of total chloride (TCI) vary from 8.71® 19.20 mg/l (mean
14.42 mg/l) (Table 3) and from 5.75 to 15.00 mgieén 11.82 mg/l) (Table 4) for
KT and KP water respectively during post monsooA52Muring pre monsoon
2006 it ranges from 9.65 to 18.15 mg/l (mean 131dl) (Table 5) for KT
samples while for KP samples it varies from 7.8340/1 mg/l (mean 11.25 mg/l)
(Table 6) during the same period. The total chlrdntent shows variation from
8.25 10 16.75 mg/l (mean 11.54 mg/l) (Table 7) &anch 7.50 to 13.20 mg/l (mean
10.36 mg/l) (Table 8) for KT and KP samples respebt during monsoon 2006.
It varies from 7.00 to 8.35 mg/l (mean 7.74 mgfialfle 9) for KR water in the
same season of 2006.

During post monsoon season of 2006 all the KT sesnghow variation in
TCI content from 9.11 to 18.75 mg/l (mean 13.73 IIm@able 10) whereas the
same ranges from 8.92 to 17.50 mg/lI (mean 13.90 (@ble 11) for KP samples
in the same period. The values of TCl vary fron89%® 18.65 mg/l (mean 13.66
mg/l) (Table 12) and from 7.98 to 16.83 mg/l (m&&8m29 mg/l) (Table 13) for KT
and KP water respectively during pre monsoon seas®007. The same range
from 7.96 to 16.80 mg/l (mean 11.76 mg/l) (Tablg, fbom 6.42 to 14.25 mg/l
(mean 10.57 mg/l) (Table 15) and from 6.35 to 818§l (mean 7.42 mg/l) (Table
16) for KT, KP and KR water samples respectivelyirtyy monsoon season of
2007. The KT samples record variation in TCI fror83to 18.8 mg/l (mean 13.96
mg/l) (Table 17) during post monsoon 2007 wheraaind the same season the
TCl content of KP samples ranges from a minimunuealf 8.95 to a maximum of
17.65 mg/l (mean 13.98 mg/l) (Table 18).

During pre monsoon season of 2008 the TCI valugesdrom 9.75 to
18.70 mg/l (mean 13.69 mg/l) (Table 19) and frodb80 16.60 mg/l (mean 13.44
mg/l) (Table 20) for KT and KP water respectively.

In watershed-I and Il the total chloride conteati@s from 8.65 to 16.85
and from 7.96 to 15.42 mg/l respectively. The saamges from 9.15 to 18.61 mg/I
in watershed IV for KT samples. The watershed \fiexiences variation in TClI
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from a minimum of 10.89 to a maximum of 19.20 mg@e value of TCI ranges
from 10.35 to 13.72 mg/l in watershed-VII.
4.2.4 Sodium (Na)

Sodium content could not be measured for watepkssrin the beginning
of the study period i.e post monsoon 2005. In poasoon 2006, Na concentration
varies from 4.26 to 14.80 mg/l (mean 9.43 mg/l)u[€a5) and from 6.08 to 18.51
mg/l (mean 11.40 mg/l) (Table 6) for KT and KP watespectively. The same
ranges from 2.56 to 13.61 mg/l (mean 7.27 mg/Ip(@&) and from 4.09 to 15.07
mg/l (mean 8.90 mg/l) (Table8) for KT and KP watespectively during monsoon
season of 2006. It varies from 3.25 to 4.03 mgédm3.72 mg/l) (Table 9) for KR
water during the same period. It shows variatiammfra minimum of 4.42 to a
maximum of 14.72 mg/l (mean 9.21 mg/l) (Table 1®)bst monsoon 2006 for
KT water and from 4.46 to 14.25 mg/l (mean 11.02Im@able 11) for KP s
water. In the period of pre monsoon 2007, sodiumterd ranges from 4.30 to
14.56 mg/l (mean 9.04 mg/l) (Table 12) and fronD4t3 14.20 mg/l (mean 10.69
mg/l) (Table 13) for KT and KP water respectivelieveas the variation has been
recorded from 2.55 to 13.66 mg/l (mean 7.12 m@§hble 14) for KT water and
from 4.28 to 12.95 mg/l (mean 9.40 mg/l) (Table ¥S)KP water in monsoon
2007. This variation is less in KR water i.e fron®& to 4.15 mg/l (mean 3.69
mg/l) (Table 16). It varies from 4.40 to 14.76 m@fiean 9.24 mg/l) (Table 17)
and from 2.25 to 14.37 mg/l (mean 10.44 mg/l) (€ab8) in KT and KP water
respectively in post monsoon season of 2007. Ryrithenges from 4.30 to 14.55
mg/l (mean 9.04 mg/l) (Table 19) in KT water andnir4.32 to 14.22 mg/l (mean
10.68 mg/l) (Table 20) in KP water during pre mans@008.

In watershed-| the sodium vary from a minimum dfzto a maximum of 14.80
mg/l. an increasing trend has been observed irusodontent in this watershed.
Sodium concentration in watershed-Il varies fro®l5to 12.62 mg/l. Sample no.
KT-23 shows a decreasing trend in this watershedidtershed-1V, it ranges from
a minimum of 2.55 to a maximum of 11.63 mg/l. A gkexsing trend is observed in
Na content in this watershed. In watershed-Vl,aties from 2.63 to 13.37 mg/I

showing a slight decreasing trend from south tahiorthe study area.
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4.2.5 Potassium (K)

Potassium content varies from a minimum of 0.5& tmaximum of 2.45
mg/l (mean 1.49 mg/l) (Table 5) in KT and from 0.882.20 mg/l (mean 1.24
mg/l) (Table 6) in KP water in pre monsoon 2006mionsoon 2006 it ranges from
0.28 to 2.41 mg/l (mean 1.08 mg/l) (Table 7) amainr0.26 to 2.24 mg/l (mean
1.05 mg/l) (Table 8) in KT and KP water respectvet varies from 0.21 to 0.31
mg/l (mean 0.24 mg/l) (Table 9) in KR water. In pasnsoon 2006, potassium
content varies from 0.58 to 2.39 mg/l (mean 1.48)nfgable 10) and from 0.63 to
2.23 mg/l (mean 1.72 mg/l) (Table 11) in KT and W&er samples respectively.

Its values show variation from a minimum of 0.48at maximum of 2.50
mg/l (mean 1.49 mg/l) (Table 12) in KT water andnfr 0.52 to 2.20 mg/lI (mean
1.60 mg/l) (Table 13) in KP water in pre monsoo®20In monsoon 2007, it
ranges from 0.29 to 2.40 mg/l (mean 1.05 mg/l) {@d4), from 0.48 to 2.20 mg/I
(mean 1.53 mg/l) (Table 15) and from 0.19 to 0.29Iifmean 0.22 mg/l) (Table
16) in KT, KP and KR water samples respectively.

The potassium concentration changes from a loveduevof 0.56 to a
higher value of 2.40 mg/l (mean 1.46 mg/l) (Tab#® th KT and from 0.62 to 2.24
mg/l (mean 1.72 mg/l) (Table 18) in KP water in fpo®nsoon 2007. The same
varies in pre monsoon 2008 from a minimum of 0@& tmaximum of 2.50 mg/I
(mean 1.49 mg/l) (Table 19) and from 0.51 to 2.2f/Ifmean 1.59 mg/l) (Table
20) in KT and KP water respectively.

In watershed-I, potassium concentration variesnfr@.74 to 2.48 mg/l
whereas it ranges from 0.81 to 2.50 mg/l in watedsh. There is an increasing
trend in watershed-I while watershed-Il shows are@sing trend in potassium
concentration.

The potassium content ranges from a minimum vafu®29 to a maximum value
of 2.14 mg/l in watershed-1V showing a decreasiegd from south to north in the
watershed area.

In watershed-VI, the potassium content varies fl@@8 to 2.26 mg/l showing a
mixed trend. Pre monsoon seasons of 2007 and 2008 a decreasing trend

while post monsoon seasons of 2006 and 2007 irda&raincreasing trend.
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4.2.6 Calcium (Ca)

Calcium has been found to be the most dominamrcat the study area.
Its concentration varies from a minimum of 7.52atanaximum of 15.68 mg/I
(mean 10.82 mg/l) (Table 10) and from 9.72 to 252! (mean 16.92 mg/l)
(Table 11) in KT and KP water in post monsoon 2066ore monsoon 2007, its
content ranges from 5.83 to 15.56 mg/l (mean 128@) (Table 12) in KT and
from 9.75 to 27.23 mg/l (mean 18.19 mg/l) (Table ¥BKP water. The same
shows variation from 5.83 to 15.56 mg/l (mean 10m§1) (Table 14) in KT and
from 5.83 to 23.34 mg/l (mean 13.42 mg/l) (Tablg kbKP water in monsoon,
2007. Calcium content in rain water (KR) is compiaedy very low; it varies from
3.89 t0 5.83 mg/l (mean 4.66 mg/l) (Table 16).

In post monsoon 2007, it records variation frormi@aimum of 7.78 to a
maximum of 15.56 mg/l (mean 10.45 mg/l) (Table ¥VKT and from 9.72 to
25.28 mg/l (mean 16.43 mg/l) (Table 18) in KP waté&s concentration varies
from 5.83 to 15.56 mg/l (mean 12.36 mg/l) (Tabl¢ 48d from 9.72 to 27.23 mg/I
(mean 18.08 mg/l) (Table 20) in KT and KP watermpesdively in pre monsoon
2008.

In watershed-I calcium content ranges from a mimmaf 7.52 to a maximum of
15.56 mg/l whereas it varies from 5.83 to 15.56Inmgivatershed-I1. It varies from
7.72 to 15.56 mg/l and from 5.83 to 15.68 mg/l imtevsheds-IV and VI
respectively. The variation has been recorded fro/mm8 to 13.61 mg/l in
watershed-VII.

In pre-monsoon 2007, there is a slight increagiagd while in monsoon 2007 the
trend is decreasing in watershed-1. All the seasbiosv slight increasing trend
except post-monsoon 2007 in watershed-IV.

4.2.7 Magnesium (Mg)

Magnesium content varies from a minimum of 1.1& tmaximum of 10.08
mg/l (mean 6.51 mg/l) (Table 10) and from 5.87 %031 mg/l (mean 9.71 mg/l)
(Table 11) in KT and KP water respectively in pagtnsoon 2006. During pre
monsoon 2007, it ranges from 1.16 to 11.78 mg/laim&.06 mg/l) (Table 12) in
KT and from 5.87 to 12.95 mg/l (mean 7.82 mg/l){[Eal3) in KP water samples.
It varies from 2.34 to 9.42 mg/l (men 5.07 mg/lpble 14) and from 2.34 to 10.06
mg/l (mean 6.21 mg/l) (Table 15) in KT and KP watespectively in monsoon
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season of 2007 and remains constant at 3.53 mghl€T16) in KR samples. In
post monsoon 2007 it ranges from 1.16 to 9.42 fmgdan 6.47 mg/l) (Table 17)
and from 5.87 to 15.31 mg/l (mean 10.00 mg/l) (€ab8) in KT and KP water
respectively. The variation has been recorded ftahé to 11.78 mg/l (mean 6.06
mg/l) (Table 19) in KT water whereas it varies fr&m87 to 12.95 mg/l (mean 8.17
mg/l) (Table 20) in KP water in pre monsoon 2008.

In watershed-I magnesium content varies from aimim of 2.34 to a
maximum of 9.42 mg/l whereas variation has beeardsd from 4.70 to 9.56 mg/I
in watershed-II. It ranges from 2.34 to 10.08 migAvatershed-IV and from 1.16
to 11.78 mg/l in watershed-VIl. An increasing treimd Mg content has been
observed in all the seasons in watersheds-I, IM\4nd
4.2.8 Fluoride

Fluoride concentration varies from less than @d.0.81 mg/l (mean 0.50
mg/l) (Table 10) in KT and from 0.28 to 0.74 mgtigan 0.56 mg/l) (Table 11) in
KP water in post monsoon 2006. During pre monso0@72 it ranges from a
minimum of 0.12 to a maximum of 0.82 mg/l (meanMmg/l) (Table 12) and
from 0.26 to 0.69 mg/l (mean 0.53 mg/l) (Table I8)KT and KP water
respectively. In monsoon season of 2007 the vandias been recorded from 0.10
to 0.79 mg/l (mean 0.38 mg/l) (Table 14) and froi210to 0.62 mg/l (mean 0.50
mg/l) (Table 15) in KT and KP water samples respebt. It is constant at 0.60
mg/l (Table 16) in all KR samples.

It varies from a minimum value of less than 0.1@ tmaximum value of 0.80 mg/I

(mean 0.50 mg/l) (Table 17) in KT and from 0.28t@6 mg/l (mean 0.57 mg/l)

(Table 18) in KP water respectively in post mons@20@7. The variation has been
recorded from 0.12 mg/l to 0.82 mg/l (mean 0.40I)r(@able 19) and from 0.08 to

0.68 mg/l (mean 0.50 mg/l) (Table 20) in KT and K@ter respectively in pre

monsoon season of 2008.

Variation in watershed-1 is from a minimum of 0.tt0a maximum of 0.81
mg/l and it varies from 0.14 to 0.82 mg/l in watexd-1l. It ranges from 0.15 to
0.71 mg/l and from 0.15 to 0.61 mg/l in watershedand VI respectively. It
records variation from 0.60 to 0.73 mg/l in watedtVIl. A sharp decreasing

trend is observed in watershed-IV.
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4.2.9 Nitrate

Variation in nitrate concentration has been reedrifom 0.13 to 0.71 mg/I
(mean 0.32 mg/l) (Table 10) in KT and from 0.28t68 mg/l (mean 0.57 mg/l)
(Table 11) in KP water in post monsoon 2006. Inrpomsoon 2007 it ranges from
a minimum of 0.14 to a maximum of 0.74 mg/l (mead40mg/l) (Table 12) and
from 0.28 to 0.63 mg/l (mean 0.54 mg/l) (Table I8)KT and KP water
respectively.

It varies from 0.14 to 0.72 mg/l (mean 0.32 m@lable 14) and from 0.25
to 0.61 mg/l (mean 0.51 mg/l) (Table 15) in KT afid water samples respectively
in monsoon 2007. It ranges from 0.18 to 0.20 mgédn 0.19 mg/l) (Table 16) in
KR water. In post monsoon season of 2007, it védr@s a minimum of 0.12 to a
maximum of 0.70 mg/l (mean 0.32 mg/l) (Table 17Kifh and from 0.28 to 0.70
mg/l (mean 0.58 mg/l) (Table 18) in KP water. Ihgas from 0.14 to 0.75 mg/I
(mean 0.34 mg/l) (Table 19) and from 0.29 to 0.6¥Irfmean 0.54 mg/l) (Table
20) in KT and KP water respectively in pre monsg2008.

It varies from a minimum of 0.18 to a maximum o2 mg/l in watershed-
| and from 0.13 to 0.62 mg/l in watershed-Il. Véioa in watershed-1V has been
observed from 0.12 to 0.68 mg/l and the same rafiges 0.18 to 0.68 mg/l in
watershed-VI. There is a sharp decreasing tremehtershed-I1V.

4.2.10 Sulphate

Sulphate content varies from a minimum of 1.7&8®80 mg/l (mean 3.27
mg/l) (Table 10) and from 11.90 to 15.05 mg/l (m&&r66 mg/l) (Table 11) in KT
and KP water respectively in post monsoon 2006. VEm&tion has been recorded
from 1.85 to 4.75 mg/l (mean 3.41 mg/l) (Table t2KT and from 10.50 to 14.60
mg/l (mean 13.10 mg/l) (Table 13) in KP water dgrjpre monsoon season of
2007. In monsoon season of 2007, it ranges frord 1084.50 mg/l (mean 3.27
mg/l) (Table 14) and from 9.75 to 13.60 mg/l (m@4dn92 mg/l) (Table 15) in KT
and KP water respectively. It varies from 1.75 td02mg/l (mean 1.94 mg/l)
(Table 16) in KR water. Its value stretches fromiaimum of 1.75 to a maximum
of 4.75 mg/l (mean 3.30 mg/l) (Table 17) and frotn9b to 15.25 mg/l (mean
13.71 mg/l) (Table 18) in KT and KP water respegijvin post monsoon 2007.

The content of sulphate ranges from a minimum 86 %o a maximum of 4.75
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mg/l (mean 3.45 mg/l) (Table 19) in KT water wheretvaries from 10.55 to
14.65 mg/l (mean 13.14 mg/l) (Table 20) in KP wagpre monsoon 2008.

In watershed-l sulphate content varies from a mmmh of 2.60 to a
maximum of 4.65 mg/l whereas the same ranges fro® 20 4.70 mg/l in
watershed-Il. It varies from 1.75 to 4.30 mg/l aindm 1.85 to 3.65 mg/l in
watershed-IV and VI respectively.

The sulphate content in KP water is much highantthat in KT water.
Watershed-I is showing an increasing trend wheaedscreasing trend is observed
in watersheds- IV and VI.

4.2.11 Cadmium, Zinc, Chromium, Manganese and Lead

The concentration of cadmium is almost constaft@G® mg/l (Table 10,

12, 14, 17&19) in KT water of all the seasons whsri varies from 0.02 to 0.03
mg/l (Table 11, 13, 15, 18 & 20) in KP water.

Zinc content varies from 0.01 to 0.06 mg/l (Table 12, 14, 17&19) in KT
water and from 0.02 to 0.09 mg/I (Table 11, 13,15& 20) in KP water. It
remains constant at 0.01 mg/I (Table 16) in raitewaamples in monsoon season.
Its concentration is slightly higher in supply wass compared to tuikhur water in
all the seasons.

Except few samples with 0.01 mg/l, chromium isrfduo be nil in KT, KP
and KR water in all the seasons.

Manganese concentration varies from 0 to 0.03 md{IT and KP water in
all the seasons. It is nil in majorities of KT sdaw It is constant at 0.01 mg/I
(Table 16) in all the KR water samples studied.

The concentration of lead varies from 0.01 to G@fl in both KT and KP
water samples in all the seasons whereas it rencainstant at 0.01 mg/l (Table
16) in KR water samples in monsoon season.

4.2.12 Nickel, Copper, Cobalt and Arsenic

Concentration of Ni, Cu, Co and As has been faworke below the limit of

detection in KT, KP and KR water in all the seasadsing which study was

carried out.
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4.2.13 Iron (Fe)

Iron concentration in KT water varies from 0.010t64 mg/l except two
samples that is KT-30 and KT- 32 where it rangemf0.32 to 0.34 mg/l in pre
monsoon (Table 5, 12 & 19) and post monsoon sed3aide 10 &17) and from
0.21 to 0.30 mg/l in monsoon season (Table 7 & ltd)oncentration gets reduced
in monsoon season. It varies from 0.01 to 0.04 mddP water in all the seasons
(Table 6, 8, 11, 13, 15, 18 & 20). KR water recaadsonstant value of iron content
at 0.01 mg/l (Table 9 & 16).

4.3 Bacteriological Parameter
4.3.1 Most Probable Number (MPN)

Most probable number (MPN) varies from 5 to 28/hilQvater (Table 5)
and from 8 to 40/ 100 ml water (Table 6) in KT df@ water respectively in pre
monsoon 2006. MPN ranges from 7 to 26 / 100 ml m@table 7), from 15 to 42/
100 ml water (Table 8) and from 12 to 17/ 100 mtexgTable 9) in KT, KP and
KR water respectively in monsoon 2006. VariatioMiRN has been recorded
from 6 to 30/ 100 ml water (Table 10) and from A8 100 ml water (Table 11) in
KT and KP water respectively in post monsoon 200%®re monsoon season of
2007, MPN varies from a minimum of 7 to a maximui2® 100 ml water (Table
12) in KT water and from a minimum of 10 to a maxmmof 57/ 100 ml water
(Table 13) in KP water samples. It ranges fromdl21/ 100 ml water (Table 14)
in KT water and from 14 to 40/ 100 ml water (Talb% in KP water in monsoon
2007. Variation in MPN in KR water has been recdrffem a minimum of 10 to a
maximum of 20/ 100 ml water (Table 16). It variesni 7 to 30/ 100 ml water
(Table 17) and from 11 to 46/ 100 ml water (Tal8¢ ih KT and KP water
respectively in post monsoon 2007. MPN ranges ®am30/ 100 ml water (Table
19) and from 15 to 43/ 100 ml water (Table 20) inh &d KP water respectively in

pre monsoon 2008.
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CHAPTER 5: DISCUSSION

The area around Kolasib town, where the presenkwas been carried out is
covered by rock exposures belonging to upper Bhdbanation of Surma Group. They
are dominated by shale/soil and also alternatioraofistones. In order to discuss rock-
water interaction, particularly in case of tuikhuater sources, the physic-chemical and
bacteriological results have been observed visanavicro water sheds established in
Tuichhuahen water shed (Rai, 2005).

Tuichhuahen watershed area is composed of sedilgeriek succession belonging to
Surma and Tipam Groups of Tertiary period. Middiel apper unit of Bhuban Formations
are exposed in the watershed. The main rock typ8swban Formation in the watershed
are sandstone, siltstone, shales and mudstone aftimghe admixture of the above. The
shales are dark grey to pale greenish, thinly latesh and crumpled at places. The
siltstone and mudstone are grayish in colour, yhinédded, hard and ripple cross

laminated. The sandstones are thinly bedded atyd sil

This Formation shows highest topographic expoessiue to its hard compact
nature and its resistance to weathering. Denselgarand appreciable jhum cultivation
can be seen in the area covered by this forma@Gamguli, 1975; Ganju, 1975 and Tiwari
and Kumar, 1996),

Middle Bhuban Formation is conformably overlain Bgper Bhuban Formation, which is
predominantly arenaceous with a maximum thickn€44060 m. It is mainly composed of
sandstone, shale, siltstone and mudstones arefalsd in subordinate quantities. The
sandstones are massive, grey and brown coloured drained, ill sorted, silty and

micaceons. The siltstones are massive while théestae dark to bluish grey, thinly
laminated and splintery (Ganguli, 1975; Ganju, 1@n8 Tiwari & Kumar, 1997). This

area covered by this formation has subdued topbgragxpression. Considerable jhum

cultivation can be noticed in this formation.

The entire water shed is covered by thin to thiegetation and as such the surface
area of exposed rock is very less. The rocks aialynexposed along the streams, road
sections, on jhum patches and on valley slopeseSthe rocks are structurally disturbed
and geologically young; these are weak and areeptordeep weathering giving rise to

silty and clayey soils.
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Complete dissolution of the minerals of a rockhe partial alteration of the composition
of a mineral due to leaching of its componentseisned chemical weathering. These
reactions occur because the initially dilute raetev or snowmelt that contacts the rock is
not in chemical equilibrium with the minerals amd@phous solids comprising the rock.
The water/ rock system reacts and moves towardieguin by dissolving or leaching
constituents out of the rock into the solution. inenary minerals in the rock may have
formed under pressure, temperature and water vagnditions far different from that
present near the earth’s surface. These minerdlsbetome unstable with seasonal
chemical variation with ground water aquifers & fressure and temperature regimes of
normal aquifers. These minerals will dissolve iaesibly, releasing their constituents into
the water. Depending on site-specific conditiormnplete dissolution of a mineral may
take hundreds to millions of years. Primary mireiial some rock types (e.g. calcite in
limestone and gypsum in a salt deposit) can andodm under aquifer conditions;
therefore their dissolution reactions are reveesiahd they may equilibrate with the

ground water.

The alteration products of weathering are disgblgenstituents and secondary
minerals that can form in the ground water envirenmnThese are the minerals that are
most important to the study of ground water geocgkynbecause they are reactive in the
aquifer environment. They can limit solution corication for their constituents and also
tend to provide the most common substrates forrptisa reactions. The term reactive
mineral is used to denote a mineral that will digs@r precipitate from ground water in a
reasonable period of residence time for the watdgheé aquifer. They clay minerals and
metal oxides are particularly important becausey thet only form in the aquifer
environment, but they provide very reactive surdage which dissolved constituents can
be adsorbed from water. The minerals, amorphoufesxand organic matter present in an
aquifer that participate in adsorption/ desorppoocesses each have separate affinities for
the dissolved constituents and based on the amwiuthe substrate, they each have

different capacities for adsorption.

It is in the soil zone that water first enters thébsurface and comes into close
contact with inorganic and organic solids. The raltwrganic matter in the soil is
composed of a continuum from readily degradablentpldebris and roots of dead
vegetation to humic substances that have beemalhyartiecomposed by soil processes.

Solid organic matter plays an important role in thevement of dissolved organic matter
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because of the attraction of the solid phase fer dissolved phase and consequent
removal of dissolved organic carbon from solutioonf adsorption. The solid organic
matter also adsorbs metals from the water and wiherganic adsorbents are present in
low concentration compared with organic adsorbehts,solid organic carbon may be an
important control on the mobility of trace metarganic carbon in the soil also affects
the inorganic chemistry of ground water becauseii@ation of organic matter produces
carbon dioxide gas. Carbon dioxide gas reacts th@hwater to produce carbonic acid and
the other inorganic carbon species bicarbonatecartaibnate. The production of carbonic
acid makes the water a more aggressive weathevingan and the increase in the level

of anionic carbon species enhances ion complexation

The composition of ground water is a functiontef sources and sinks of chemical
elements along the ground water flow path. Thetixelaconcentrations of dissolved
constituents are determined by the available supmyn the solid phases and the
solubility of secondary minerals formed from weaihg processes. If a chemical element
is present only at small concentrations in the faqugolids, then ground water will have
little opportunity to accumulate the element inusioin unless the flow path and ground
water residence times are long. If a chemical efgrigepresent in high concentrations in
aquifer solids, then it has the potential for odogr as a major component of the ground
water. In an aquifer the primary rock-forming miaerwill be leached and dissolved by
the ground water to produce more stable secondamgrais and release some components
to solution. For example, depending on local coods, the weathering of biotite might
form the secondary minerals kaolinite {8LOs(OH)s and ferrihydrite [Fe(OH].
Potassium, magnesium and silica may also be relemse solution according to the

following reaction:
K2[SisAl 2 ]Mg4Fe:0x0(OH)4(biotite) + 10H + 6H,0 + 1/2Q —
Al,Si,Os(OH), + Fe(OH) +4H,Si0° + 4Mdf* + 2K*

Ferrihydrite and kaolinite are secondary minerabst twill equilibrate with the ground
water containing their dissolved components irolmm@ium and silicon as per the

following reactions:
Fe(OH} + 3H « F€" + 3H0

ALSLOs(OH)s + 5H,0 < 2AI(OH): + 2H,SiO,°
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The solubility of biotite does not control the centrations of its products because biotite
is not a stable mineral under aquifer conditionsti® dissolves irreversibly and the
amount of its products (both solid phases and el&sneleased to solution) in the system
is mainly a function of the rate at which biotitecathers and the amount of time
weathering has occurred. The secondary mineralsfdne from the alteration of the
primary minerals can limit the solution concentatiof their constituents. In this case
ferrihydrite will control the dissolved iron condeation and kaolinite may limit the
solution concentration for one of its componenctEmineral can only limit the solution

concentration for one of its components.

Among physical parameters, though pH has no detett on human health, it is
of the utmost importance in determining the coripgiof water. Further it plays an
important role in almost all the biochemical reansi. The corrosivity is inversely related
with pH (Guptaet al 2009; Nordberget al 1985; Mc Clanathan and Mancy, 1974);
Langelier 1946; Webbeat al, 1989; Murrel, 1987 and Stoee al, 1987). It was found that
pH varies within subtle range in almost all thesee® except in rainy season where its

values are consistently 7.

Solutions with pH values greater than 7 are suggestf the fact that it must contain
cations other than H This can be evident from considerations of chdrgiance. It is a
fundamental principle of solution chemistry thatusions are electrically neutral, that is,
that the total number of positive charges carrig@diions must equal the total number of

negative charges carried by anions:
>mz=0

where m is the concentration and z the chargeneoith ion.

For the system ¥D-CQ,, the charge balance equation is as follows:
My" = Mucos+2 Moo +Mon’

At pH 7, my" = moy. Thus if mycos or meos has any finite value, gi must be
correspondingly greater thanom and the solution will have a pH lower than 7. & w

introduce sodium into the system, the charge drizadd equation becomes as follows:

+ + _ - 2- -
My +Mya =Mucoz +2Mcos” +Mow
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Moreover, there are no immediate constraints onvilae of my* and hence pH. For
solutions that are approximately neutral; mmoy and Meos> are generally negligible

compared to s and mycos. In this case the charge balance equation siraplit
MNa  =Mhcos

At constant Bo hydrogen ion activity is related to Hg@oncentration. In the absence of
other anions such as Gind S@, the total concentration of cations will approxieig
equal the HC@ concentration, and hence pH and salinity in HO@h waters are
inversely related. In the present study also H@® is the dominant anion but pH values
still remain closer to 7. It is because of the fdett introduction of sodium ion balances
the charges (Drever, 1982). In case pH value igdmighan 8.5, it will adversely affect
alkalinity of soil, microbial life, aquatic orgams and corrosion rate (Shyamataal
2008; Shaikh and Mandre, 2009). Solutions having gHL2.5 have been reported to
cause hair fibres to swell (WHO, 2008). All thewed of pH lie in the permissible limit of
6.5 to 8.5 (ISI, 1991). Low value of pH may beibtited to the lack of carbonate minerals

in the study area. This is in agreement with thek tgpes present in the area.

In pH versus total alkalinity plots, pH remains abkh constant whereas later shows
variation. For the same pH value, the total alkafiaf KT-24 in post monsoon, 2006 rises
up to 86.25 mg/l (Fig.1) whereas it fluctuates lelsD mg/l in other KT samples (Fig. 2
& 3). The high alkalinity value in KT-24 water salapn a particular season may be due
to addition of sodium which can increase the atiblivalue. There is no remarkable

variation in pH and total alkalinity in supply waig@ig. 4&5).

The electrical conductivity reflects the total ambwf soluble salts in water. It is a
measure of the ability of water to transmit an &leal current in it and is proportional to
presence of dissolved inorganic contents. Henceart be a measure of the degree of
suitability of potable water. The EC values of Kdngples range from 70 to 225uS/cm in
pre monsoon, from 72 to 190puS/cm in monsoon and fid® to 244uS/cm in post
monsoon while that of KP samples it varies fromt@255uS/cm in pre monsoon, 80 to
220 pS/cm in monsoon and from 96 to 276uS/cm irt pemsoon in KP water. It is
evident that EC values are lower in monsoon seas@ompared to pre monsoon and post
monsoon seasons. Futher, EC of KR samples, thee rigngithin the values lower than
that of KP and KT. This can be attributed to thieitdin during rainy season. The lower
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values of EC in general including KP and KT carekplained by low solubility of silicate

minerals constituting the host rock i.e. sands{@&nand Zhang, 2008).

However, among watersheds the water shed | anexkibits lower values than
other water sheds. The low values of EC in Wateddrand VI may be attributed to fewer
amounts of dissolved salts indicative of less stitylof minerals and ions from the host
rock and has insignificant rock-water interactiéiurther, it characterizes dominance of

more silica content in the host rock.

Total dissolved solids indicate the amount of cleaihsubstances dissolved in water. TDS
in potable water upto 500 mg/l is considered tagbed (ISI, 1991). Primary sources of
TDS in receiving water include agricultural resitdah runoff, leaching of soil
contamination and point source water pollution klisge from industrial or sewage
treatment plants. The most common chemical comestitu are calcium, phosphates,
nitrates, sodium, potassium and chloride, whichfauad in nutrient runoff and general
storm water runoff. The chemicals may be cationgres, molecules or agglomerations
on the order of one thousand or fewer moleculedpsg as soluble micro- granule is
formed. Low levels of TDS indicate the rechargirfggooundwater through either rain

water or water from nearby canals (Gugtal 2009).

TDS value ranges from a minimum of 49 to a maximefi62 mg/l in KT water. The
lowest value of 49 mg/l has been recorded in KT-w28ch lies in watershed | in pre
monsoon, 2006 whereas the highest value lies with&in post monsoon, 2005. KT- 7,
KT- 28 and KT- 31 have low TDS values in all thesens whereas KT- 20 and KT- 30
record high values of TDS in all the seasons. Tigkdn value of TDS may be attributed
to the presence of colloidal or finely divided sesged matter which does not readily
settle. The presence of colloidal or finely dividedspended matter may be due to the
direct discharge of solid waste or constructionvéets around the area (Rajurkat al,
2003).

The toxicity of TDS may vary depending upon theafic constituent composition
of the TDS in the effluent. Relative ion toxicity in the order of K>HCO; =~ Mg?* >Cr
>SQ (Mount et al, 1997). Peterson (1999) has pointed that TDS leetw 700 mg/l
are considered safe. TDS levels in all the waterpdes studied are below 700 mg/I and
thus may be considered safe. As per the TDS dieestsifin (Fetter, 1990) all the samples

studied belongs to fresh water type. Electricalduetivity and total dissolved solids are
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proportional to each other i.e. with an increas¢havalue of electrical conductivity; the
value of total dissolved solids also increases.s&€healues are higher in post monsoon
seasons in KT samples (Fig. 6&7) due to increasmicentration of minerals in the dry
period of the year. EC and TDS are proportionaaoh other in KP samples also but their
values remain almost unchanged in pre monsoon astrponsoon seasons (Fig. 8&9).
The low value of EC and TDS in monsoon seasons.i@jgmay be attributed to low
mineralization (Li and Zhang, 2008).

There is no correlation between TDS and most prebatmber (MPN) on total coliform
which is suggestive of the fact that TDS is nottabaoting to coliforms (Fig. 11&12) and
MPN is so less that it can not affect the TDS cotnte

Turbidity is a measure of cloudiness of water,ds mo health effects. However, it can
interfere with disinfection and provide a mediunr fmicrobial growth (Akoto and
Adiyiah, 2007). Turbidity may indicate the presemdalisease causing organisms. These
organisms include bacteria, viruses and paradigscan cause symptoms such as nausea,
cramps, diarrhea and associated headaches (EPB). 280the samples have turbidity
values much less than the WHO permissible valu& &§TU. Heavy rain falls, strong
winds and convection currents can greatly increaseturbid state of both lakes and
rivers. Although microbial contamination is commpriiccompanied by increase in
turbidity, other facters including silt and orgamatter also affect turbidity levels of water
(Mann et al, 2007). Limits of turbidity levels vary betweenurtries, but are generally
below 1 to 2 NTU (Rouse, 2001 and Le ChevallierQ40 Turbidity is well known to
hinder disinfection by shielding microbes, sometloedm perhaps pathogens (Hauser,
2001). Low turbidity values in the water sampleghis study are suggestive of the fact
that disinfection is not required. However, minocrease in turbidity in future will easily

be disinfected.

The value of alkalinity in water provides an idefanatural salts present in water. The
major causes of alkalinity are the minerals whit$salve in water from soil and rocks.
The various ionic species which contribute to atkef include bicarbonate, hydroxide,
phosphate, borate and organic acids (Rettell, 1994 and Shyamalket al 2008). These
factors are characteristics of the source of waer natural processes taking place at any
given time (Sharma, 2004). The total alkalinity sw@@s with minimum at 31.96 mg/l and
maximum at 48.65 mg/l in watershed | of the stutBaaThe highest alkalinity has been

observed in the pre monsoon season. The lowese wdl@2 mg/l is associated with KT-
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12 which falls in watershed IV. Since carbonate dydroxide ions are absent and
bicarbonate ion is dominant anion in all the samméthe area under study, the major
cause of alkalinity seems to be the presence dribimate ion. The soil zone is the
subsurface environment that contains elevated [@€ssure (produced as a result of decay
of organic matter and root respiration) which imnteombines with rain water to form
bicarbonate by the following reactions (Sirgghal, 2007):

COx+ H,0 — HCOs

H.CO; — H" + HCOy

Bicarbonate may also be derived from the dissatutibcarbonates and silicate minerals
by the carbonic acid from the reactions:

CaCQ + H,CO; — C&* + 2 HCO3

Limestone

CaMg (CQ); + H,CO; — C&* + Mg™* + 4 HCQY

Dolomite

2 NaAlSisOg + H,CO3 + 9H,0 - Al,Si,05(0OH), + 2Na+ + 4H,Si0," + 2 HCO;™

Alhita Kanlinita

Water is a good solvent and picks up impuritieslyea#/hen water is combined with GO
to form very weak carbonic acid it exhibits everitéesolvent results. As water moves
through soil and rocks, it dissolves very small antoof minerals and holds them in
solution. Calcium and magnesium dissolved in waterthe two most common minerals
that make water hard. The degree of hardness becagmater as the calcium and
magnesium content increases and is related to dheeatration of multivalent cations
dissolved in water. Hard water is not a health féz#n fact, hard drinking water
generally contributes a small amount towards toaddium and magnesium human dietary
needs. The high concentration of total hardness Imeagiue to dissolution of polyvalent

metallic ions from sedimentary rocks, seepage andff from soil (Nawlakhe, 1995).

The total hardness in supply water (KP) ranges fBhv5 to 106.70 mg/l whereas its
variation in tuikhur water is from 37.25 to 68.3g/nonly. It has been widely observed

that the total hardness in supply water is highantthat of tuikhur water. But all the
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values are very much within the permissible linfit60 mg/l (ISI, 1991& WHO, 2008).
The higher value of total hardness in supply watety be attributed to the principal
natural sources of polyvalent metallic ions frondiseentary rocks and runoff from soils
(Fig. 13&14). Since supply water is lifted from ens, hence it exhibits higher
concentration of G4 and Md* than their counterparts of tuikhur water. In theet case
water is confined to an aquifer only in contrasthie supply water from the rivers which
are flowing through rocks and soils (Fig. 15&18Jagnesium, the bivalent metal is
contributing less towards total hardness as comndpaoe calcium (Fig. 17) as the
magnesium content in all the water samples is coatipaly less. Higher values of total
hardness is observed during pre monsoon and possaon seasons and lower during
monsoon season in all the samples which may betaweldition of rain water in the

monsoon season.

Chlorine gas is highly toxic but chloride ion issestial for life (Duffus, 1996). Chloride
in small concentrations is not harmful to humansdinking water and with some
adaptation the human body can tolerate water wsthmaich as 200 mg/l chloride.
However, above a concentration of 250 mg/l chlgritte water may taste salty (Hauser,
2001 & Ndukaet al 2008). The chloride concentration in all the KH, and KR samples
are much lower than that prescribed by WHO (250)m@bncentration of chloride in KT
water samples (8.25 to 19.20 mg/l) is higher tHaat of KP water (5.75 to 17.83). The
slightly higher concentration of chloride in tuikhwvater may be attributed to the
contamination from sewage waste leaching (Kuetal, 2010). It has been observed that
chloride content is higher in pre monsoon and poshsoon seasons and it may be
attributed to leaching from upper soil layers doendustrial and domestic activities and
dry climates (Srinivasamoorthst al 2008 & Bouwer, 1978). According to Desi al
(1979) if the chloride versus bicarbonate rati@i®ve 2, it indicates the water is highly
saline, which may be due to intrusion of sea waitr the water bodies. In the case of
present study, bicarbonate is much higher tharchih@ide concentration and as a result
CI" versus HC@ ratio is much less than 2 and hence the water legnippm all the
sources are not saline. It is also evident fromf#tot that the sodium concentration is

significantly low in all the samples.

Watershed IV and VI observe comparatively highdoritie content (9.15 to 18.61 mg/I
and 10.89 to 19.20 mg/l respectively) as compacedvatershed | and Il. Chloride

concentration is increasing from south to nortthmstudy area and it may be attributed to

106



anthropogenic activity because of higher populatiensity in the Kolasib town. Chloride
has good correlation with Na and Ca as comparedagnesium and potassium in all the
samples of tuikhur and supply water. Chloride isegally higher than metals but the
reverse is observed in KT-22, KT-23 and KT-31 irspmonsoon 2006 in tuikhur water
(Fig. 18) where chloride content is higher thart thlasodium. The same trend has been
found in pre monsoon 2007 and monsoon 2007 (Fig2D3&Sodium concentration is
higher than that of chloride in KP-6, KP-8, KP-IatP-13 in post monsoon 2007 (Fig.
21) and pre monsoon 2008 (Fig. 22) Correlation ldbride with potassium is not very
significant (Fig. 23&24). Chloride maintains a goodrrelation with calcium in tuikhur
water samples (Fig. 25&26). Calcium concentratisrslightly higher in pre monsoon
2008 than that in monsoon 2007. Calcium concentrasi higher in KP samples than KT
samples (Fig. 27) which may be attributed to argbgenic activity in the study area
(David Allan, 2006). Magnesium is nowhere exceedihg chloride concentration in
tuikhur water (Fig. 28) whereas it is higher thdrodde in KP-3 and KP-4 in supply
water (Fig. 29) which may be due to weatheringalbthite mineral (Singlet al, 2007).

Fluoride concentration in the samples varies froh®?@o 0.82 mg/l and from 0.08 to 0.76
mg/l in KT and KP water respectively. The recomnezhdalue of fluoride concentration
in potable water is 0.50-1.50 mg/l (ISI, 1991 & WHZD08). Most of the samples have
less fluoride than the recommended level. Fluoiddrinking water can originate from
the fluoride bearing minerals such as fluorspauorite, cryolite, fluorapatite and
hydroxylapatite (Meenakslat al, 2004).The low level of fluoride in water samplaay
be attributed to the lack of fluoride bearing maisrin the strata through which water is
filtering. The similar observation has been repbiy Singh (2002), Handa (1981) and
Chaeet al (2007). It has been widely observed that the ftlecontent of tuikhur water is
high compared to that of water supplied by PHEDiabsly because of tuikhur water is

getting more residence time for rock-water inteacactompared to supply water.

In a temperate climate, the recommended level o tegluce tooth decay is 1.0 mg/l of
water, while the minimum recommended level is 0.59g/ (WHO, 2004).
However,sample No.KT-31 and KT-32 in watershedT;XL and KT-22 in watershed II,
KT-2 and KT-11 in watershed IV and KT-18 in watexdivVl show comparatively higher
value of fluoride concentration but they are alsellwvithin the permissible limit of ISI
(1991) and WHO (2008).
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Fluoride concentration is very less as comparesbtbum, calcium and magnesium and at
the same time its content in water samples is nhigher than heavy metals and trace
elements. It combines with potassium in all wagmngles. Though potassium content in
water samples is higher than that of fluoride, tbeerse is observed in two tuikhur
samples i.e. KT-2 and KT- 18 in monsoon 2007 (Ry.3/ariation in fluoride and
potassium is corresponding to each other in tuiklhater (Fig. 31). In the potassium
versus fluoride plot in supply water, with less igdon in fluoride concentration,

potassium is varying significantly in all the seas@Fig. 32&33).

Sulphate concentration is significant in all the lKhd KP samples. Higher values of
sulphate in KP samples (9.75 to 15.25 mg/l) thasehof KT samples (1.75 to 4.80 mg/l)
have been observed in the study area. Rock weathemd pollution are the most
significant sources of sulphate (Sagtial, 2006). Dissolved sulphate has its origin from
dissolution of gypsum, oxidation of pyrites and teoninated sulphate from industrial
discharge. The very low ratio of $3C&" indicates that gypsum dissolution is not a
primary source of S¢J in these waters. SO is a major constituent in the aerosols where
burning of forests or forest fires are frequentiriBat al, 2006 & Balasubramaniaet al,
1999). The higher concentration of sulphate iorsupply water may be attributed to
burning of forests as the area under study expsgefrequent burning of forests in the

summer season for jhum cultivation which is stityalent in Mizoram.

The concentration of sodium is generally highentkalphate content in all the KT water
samples irrespective of the seasons (Fig.®4)in KT-16 and KT-18 in monsoon 2007
(Fig. 35)it is less than sulphate concentration. Unlike Katev samples, in KP samples
sulphate content exceeds the sodium content withefeceptions. In pre monsoon 2007
(Fig. 36)sodium concentration is higher than sulphate carggon in KP-11 and KP-12
whereas both the ions have same values in KP-81&Bnd KP-20 (Fig. 36). KP-12 in
post monsoon 2007 has much lower value of sodiunteob than its corresponding
sulphate content (Fig. 3'Buggesting its high affinity with other anions st sample.
Again the sodium content is greater than sulphateenit in KT-11 in pre monsoon 2008
(Fig. 38). There is significant relation betweentgssium and sulphate in KP water
samples (Fig. 39pas the concentrations of both the ions are closeatth other. Like
sodium, calcium concentration is higher than thiplsate concentration in KT samples
(Fig. 40&41). Calcium and sulphate contents areoainsame in monsoon 2007 (Fig. 40).

Concentrations of both these ions are near to etledr in KP water samples (Fig. 42,

108



43&44). Calcium content in KP-11 in monsoon 2007 nmich greater than its
corresponding sulphate content (Fig. 42) which rbaydue to interference by other
cations with sulphate. For similar reason KP-2@ast monsoon 2007 and pre monsoon
2008 shows greater content of calcium as comparecbtresponding sulphate content
(Fig. 43&44). Contents of magnesium and sulphate dose to each other with few
exceptions (Fig. 45, 46&47) in KT water samples. gMesium is less than its
corresponding sulphate concentration in KT-8 inmomnsoon 2007 (Fig. 45) which is also
observed in pre monsoon 2008 (Fig. 47). Conceatratf magnesium is less than the
sulphate concentration in KP samples (Fig. 48&49) ih KP-4 in post monsoon 2007
magnesium is slightly greater than the sulphateecar{Fig. 49).

Nitrate is the most common form of nitrogen thatwrs in surface and groundwater.
Because of its anionic form, NOs very soluble and mobile in aqueous solutiorgti
content of N@ can cause birth malformation, goiter, hypertensam high- iron
haemoglobin (Jalali, 2006). Concentrations of tetrim drinking water are the result of
different pollution processes, municipal wastewatégrtilizers and pesticides application

in agriculture (Jalali, 2006).

In the present study, KT samples have nitrate aunaigon less than 0.60 mg/l except KT-
11, KT-13, KT-17, KT-23 and KT-32 where it exceetl60 mg/l. Majority of the KP
samples have nitrate concentration higher thatosedo 0.60 mg/l. Watershed IV records
slightly higher concentration of nitrate wheredaaches to 0.75 mg/l. There is no variation
in nitrate concentration with respect to seasotisth& samples of KT, KP and KR record
NOs concentration much less than the permissible loh#5 mg/l (WHO, 2008). Low
content of N@ in water samples in the study area may be at&btd denitrification and
plant assimilation of N@ before entering the streams (Akoto and Adiyial)80 Less
use of fertilizers and algal assimilation may bethar reason for low content of NOn
water samples (Chimwanzd al 2006). Another reason of low concentration ofaté
may be low rate of application of nitrogen ferglizin the study area. The intensive
irrigation in the study area has not yet started as a result accumulation of nitrate in

ground water is not significant (Sivasankaeaml 2004).

Sodium is an essential element required in our fodits proper physiological functions.
Sodium concentration in KT water samples ranges) fo55 to 14.80 mg/l whereas the
same varies from 2.25 to 14.37 mg/l in KP water gam Its concentration in rain water

samples is comparatively very low i.e. from 2.964t45 mg/l only. Low content of
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sodium in the water samples under study may bet@absence of evaporites and halites

in the study area.

The concentration of potassium cation is very losvc@mpared to sodium in water
samples. It varies from 0.28 to 2.50 mg/l in KT aratamples and from 0.48 to 2.24 mg/I
in KP water samples. Potassium content is the leasin water samples i.e. from 0.19 to
0.29 mg/l. The source of potassium in potable waenreathering of silicate minerals
especially potassium feldspar and mica (David AIBPD6). As potassium is less mobile,
it has been found to be less than sodium contetiteirstudy area. In the present case, the
aquifer is mostly sandstone where K-feldspar isg@mein sufficient amount and mica also
is found in small quantity. The similar result Hasen observed by Sivasankartnal
(2005).

Calcium is the most abundant cation in the drinkivager samples of the study area. Its
concentration ranges from 5.83 to 15.68 mg/l inw&ter and from 5.83 to 27.23 mg/l in
KP water samples. All these values are well witthie desirable limit of 75 mg/l (IS,
1991). The source of calcium in drinking water isathering of sedimentary carbonate
rocks. Calcium and magnesium in water samples éstduhe presence of lime stone and
calcareous soils in cretaceous aquifer system $8nkararet al, 2005). Anthropogenic
activities may be another reason for high levelcalcium content in potable water.
Slightly higher concentration of calcium in suppbgater of the study area may be mainly

attributed to anthropogenic activities in the area.

Magnesium is mainly derived in potable sources lBatiering of rocks particularly

dolomite and magnesium silicate minerals. Magnesoamtent in tuikhur water ranges
from 1.16 to 11.78 mg/l whereas its concentratianes from 2.34 to 15.31 mg/l in supply
water. It remains constant at 3.53 mg/l in rainexafll these values are within the most
desirable limit of 30 mg/l (ISI, 1991).

The alteration products of weathering are dissoleedstituents and secondary minerals
that can form in the ground water environment. €hase the minerals that are most
important to the study of ground water geochemiftegause they are reactive in the
aquifer environment. They can limit solution corication for their constituents and also
tend to provide the most common substrates forrptisa reactions. The term reactive
mineral is used to denote a mineral that will digs@r precipitate from ground water in a

reasonable period of residence time for the watdgheé aquifer. They clay minerals and
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metal oxides are particularly important becausey thet only form in the aquifer
environment, but they provide very reactive surdage which dissolved constituents can
be adsorbed from water. The minerals, amorphoufesxand organic matter present in an
aquifer that participate in adsorption/ desorppoocesses each have separate affinities for
the dissolved constituents and based on the anwiuthe substrate, they each have

different capacities for adsorption.

The trace metals in water behave in acypmanner. No single mechanism is
sufficient to explain the process that are undergon the water. Trace metals like Fe,
Mn, Cu, Zn, Co, Ni etc are very important for theger functioning of the biological
system and their deficiency or excess in the husyatem can lead a number of disorders.
Other trace metals like Pb, As, Hg etc are not didjyogically non essential but definitely
toxic. The potential toxic metal elements such gsRB, Cu, Zn etc are identified to cause
health hazards in animals. Trace elements are a@@npresent in small concentration in
natural water system. Their occurrence in groundwahd surface water can be due to
natural sources such as dissolution of naturallpuoeng minerals containing trace
elements in the soil zone or the aquifer materfaloohuman activities such as mining,

fuels, smelting of ores and improper disposal dustrial wastes (Jinwait al, 2009).

Except two KT samples- KT-30 and KT-32 where iramtent is above 0.30 mg/l, all
other samples of KT and KP water have iron conegioin between 0.01 to 0.05 mg/l. The
concentration of iron in rain water samples remaiosstant at 0.01 mg/l in monsoon
season. The higher concentration of iron in KT-3@ &T-32 may be due to anoxic
condition in which the solubility of iron bearingimerals increases leading to enrinchment
of dissolved iron in water (Applin and Zhao, 1989kcording to Apello and Postma
(1993) it is reasonable to expect the anomalousegabf iron in small zones of highly
depleted oxygen beneath the peaty soils. The iFefi § present in limonitic minerals
would be picked up much faster by ground waterditang through the peaty sediments

and remain in solution where highly anoxic conditprevails.

The concentration of lead in KT water is highemthiaat of KP water. The mean value of
Pb content in KT water is 0.05 mg/l which is highiean the prescribed limit of 0.01 mg/I
(WHO, 2008) whereas the same in KP water is 0.04 fAgy. 50,51, 52& 53). It remains

constant at 0.01 mg/l in KR water. The higher cotiaion of Pb in KT water samples
(Fig. 54, 55, 56 &57) may be attributed to gasolieening out of vehicles as most of the

tuikhurs are situated on or near the highway.
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Zinc is one of the important trace elements thay @ vital role in the physiological and
metabolic process of many organisms. Neverthesssigher concentration, zinc can be
toxic to the organisms. It plays an important rislgorotein synthesis. It is a metal that
shows fairly low concentration in surface water daeits restricted mobility from the
place of rock weathering or from the natural sosi(¢ajappa et al, 2010). Zinc imparts an
astringent taste to water; only 5% population catircguish between free water and water
containing zinc at a level of 4 mg/l (WHO, 2008)n& content in the present study is
higher in KP-8, KP-15 and KP-19 samples of suppdyex in pre monsoon 2007 (Fig. 50),
monsoon 2007 (Fig. 51), post monsoon 2007 (Fig.as&)pre monsoon 2008 (Fig. 53) as
compared to other KP samples. The higher concemtratf zinc in these samples of
supply water may be attributed to zinc plated dsiic water tanks and leaching of zinc
from galvanized pipes, through which water is siggp{Jinwal et al, 2009; Nriagu, 1980)
however, all the values of zinc are under permiedimit of WHO (2008) and ISI (1991).
No unsteady value has been observed in tuikhumrsataples (Fig. 54, 55, 56 &57).

The concentration of Cd, Cr and Mn is within thegaribed limit of WHO (2008) & ISI
(2991) in all the samples of KP (Fig. 50, 51, 528 &nd KT waters (Fig. 54, 55, 56 &57)
in all the three seasons. The concentration ofQ\i, Co and As is below the limit of

detection in all the samples.

Such a low contents of heavy metals in the botesypf potable waters i.e. surface water
(Supply water through PHED) and the subsurface mwéigkhur water) is not in
agreement with the potable waters of the neighibgustates of Manipur (Chakraboey
al, 2008), South Assam, Tripura (Banerjeeé al 2011) and neighbouring country
Bangladesh (Smitkt al, 2000). The low amounts of heavy metals may bébated by
pronounced adsorption phenomenon in area undey.sil area is dominated by shale
which consists of clay minerals having phyllositeatructure providing enormous space
as structural voids, where metals ions of largeicisgize can be accommodated by

replacing OH K" ... ions.

Coliform populations are indicators for pathogenrganisms. They should not be found
in drinking water but are usually present in sugfavater, soil and feces of humans and
animals. Human waste contaminant in water causérsarne diseases such as diarrhea,
typhoid and hepatitis (Root et al, 1982; Esry andbieht, 1986). High coliform
populations in all the water samples are an inginabf poor sanitary conditions in the

community.
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The most probable number (MPN) in KT and KP watengles exceeds the permissible
limit of 10 MPN/100 ml water sample (ISI, 1991).eINPN is slightly higher in monsoon
season compared to pre monsoon and post monsasnsg@ig58). The higher number
of MPN may be attributed to source contaminatidmsemce of sewerage system and
improper treatment of water (Ghimie¢ al, 2007). Inadequate and unhygienic handling of
solid-wastes in the rural area could have also rggé@@ high concentration of microbial
organisms (Adekunle et al, 2007; Skearal 2010). It may also be attributed to the use of
pit latrines, piggeries and poultries (Rajurleral 2003) which is predominant in the
study area. The higher value of MPN in monsoonmeasay be attributed to transfer of
human excreta and waste from piggeries and potdimys by rain water to the water
sources (Kumaret al 2010). Pritchardet al (2007) are also of the opinion that the

pollutants are easily transported to water poigtsain water.

A ternary diagram is used to identify trend anatiehship between groups of samples.
Calcium and the sum of sodium and potassium haweslequally contributed towards
cation composition in sub surface water of pre rmons2008. The clustering has taken
place between 40- 60% (Fig. 5%hereas in KT post monsoon 2007, clustering for
calcium has been found to fall between 30-50% awdiusn and potassium together
contribute 30-40% to the total cations (Fig. 60)adviesium is contributing only about
30% to the total cation load in post monsoon 2. (60). Calcium has been found to be
above 70% in one sample in monsoon 2007 in sulaseimater (Fig.61). Contribution of
calcium and Na+K in pre monsoon 2007 is 40-55% 23db0% respectively (Fig. 62)
whereas magnesium is contributing about 20% onlythe same season. Cation
composition of surface water is also dominated blgiem. Clusters of calcium are
observed between 40-50% whereas Na+K records clast80% only in pre monsoon
2008 (Fig. 63). Contribution of magnesium is higherpost monsoon 2007 (Fig. 64)
compared to pre monsoon 2008. In monsoon 2007calstering is formed between 40-
50% and four samples record lower content of caicas compared to pre and post

monsoon seasons (Fig. 65).

The ternary anion diagram relating HE®04%and Clshows that all the samples
of sub surface water and surface water contaigla ésimount of HC@ and plotted points
cluster towards the alkalinity apex with secondagnds towards Cl(Bhardwajet al,
2010). Bicarbonate ion, undoubtedly, is the dominamion in both sub surface and

surface water irrespective of seasonal variatioooitributes over 90% to the total anions
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in sub surface water (Fig. 66-69) whereas its doution remains at about 90% in surface
water (Fig. 70-73). Bicarbonate ion is the domireambn in rain water also; it contributes

above 90% to the total anions (Fig. 74).

Piper (1944) developed a form of trilineaagiam which is an effective tool in
segregating analysis data with respect to sourtéiseodissolved constituents in potable
water, modifications in the character of water tapasses through an area, and related
geochemical problems. For the Piper trilinear diagr water is treated substantially as
though it contained three cation constituents (NMig+K and Ca) and three anion
constituents (Cl, SPand HCQ). The diagram presents graphically a group ofyaigbn
the sample plot. The diagram combines three disfiatds of plotting, two triangular
fields at the lower left and lower right respeclivand an intervening diamond-shaped
field. All three fields have scales reading in Jg#1ts. In the triangular field at the lower
left, the percentage reacting values of the thae#®w groups (Ca, Mg, and Na) are plotted
as a single point according to conventional trdineoordinates. Three anion groups (Cl,
SO, and HCQ) are plotted likewise in the triangular field &etlower right. Thus, two
points on the diagram, one in each of the two g¢uder fields, indicate the relative
concentrations of the several dissolved constitiehpotable water. The central diamond-
shaped field is used to show the overall chemibatacter of the water by a third single-
point plotting, which is at the intersecting of sagrojected from the plotting of cations
and anions. The position of this plotting indicaths relative composition of water in
terms of the cation-anion pair that correspondthéofour vertices of the field. The three
trilinear plots will show the essential chemicahddicter of potable water according to the

relative concentrations of its constituents (Jaial€1996).

In the present study the surface and sub surfaterwhemistry is dominated by
Calcium followed by Na>Mg>K except in some samplesere Mg replaces Na in
cationic abundance. The order of abundance in aniochemistry is
HCOs>CI>SO:>F>NGQ;. The plots of chemical data on trilinear diagram egdvthat
majority of surface (Fig. 75&78&ndsub surface (Fig. 76&77) waters fall in the fiefafs
1, 3, and 5 suggesting that alkaline earths exediedis and weak acids exceed strong
acids respectively that is the total hydrochemistirthe area under study is dominated by
alkaline earths and weak acids. Sigh et al (20@Xe Hound the similar result in their
study. Chloride and sulphate do not exceed bicateoim any of the samples. Most of the

surface and sub surface waters in the study arear @s Ca-Na-HC®facies while in

114



some samples of surface water Na is replaced bygivgg rise to Ca-Mg-HC®type of

water.

Moreover, Whiteet al (1963) have provided an extensive compilation miugd water
analyses from a wide variety of aquifer host rogkg. 79 & 80). The aquifer material
includes igneous rocks (granite and basalts), smasny rocks (sandstone, shale,
limestone and dolomite), a metamorphic quartzité anconsolidated sand and gravel.
Several water analyses have been averaged fortditen separate samples from each
aquifer type and are plotted in fig. 80. It is sevhat surprising that all but one of the
aquifer rock types has bicarbonate as the domigaionh. The only exception is the water
from oil and gas field regions in which chloridel® dominant anion. In aquifers without
primary carbonate minerals, such as granite, basaltquartzite aquifers, the source of
bicarbonate is carbon dioxide gas in atmospheric amd soil vapour and low
concentrations of carbonate minerals present athesttag products. As shown in fig. 80,
calcium is the dominant cation in several of theif@gs (limestone, dolomite, quartzite
and sand/gravel) and is present in high conceatrati those dominated by another cation
such as sodium (silicic igneous rock, sandstond, strale-claystone) and magnesium
(gabbro-basalt). The source of the cation in growater is the weathering of the

predominantly silicate and carbonate minerals enatuifer host rock.

When compared to our samples, they have been faufall in fields of sandstone and
shale/claystone in the diamond-shaped quadranteaken the anion triangle samples are
not falling in any identified field rather they ahnaving relatively higher chloride content.
Moreover, in the cation triangle the surface watanples are falling in fields of quartzite
which is a rock consisting of quartz mineral. Tigign accordance with the result shown in
the diamond-shaped sector since quartz is an ésdseostituent of sandstone and shale is

also silicic in nature.
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Fig. 3: pH vs TA for Pre monsoon, 200
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Fig. 6: EC vs TDS for Pre monsoon
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Na vs Cl for Post monsoon,

Fig.18
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Fig.19: Na vs CI for Pre monsoon, 2007
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Fig.30: K vs F for Monsoon, 2007
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Fig. 40: Ca vs SO4 for Monsoon, 2007
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Fig. 41: Ca vs SO4 for Pre monsoon, 20
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Fig. 42: Ca vs SO4 for Monsoon, 2007
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Fig. 51: Heavy metals in supply water
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Fig. 60: TERNARY PLOT for KT- Post monsoon, 2007 (@tion composition)
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Fig. 61: TERNARY PLOT for KT- monsoon, 2007 (Cationcomposition)

Fig. 63: TERNARY PLOT for KP- Pre monsoon, 2008 (Céon composition)
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Fig. 64: TERNARY PLOT for KP- Post monsoon, 2007 (@tion composition)

Fig. 65: TERNARY PLOT for KP - Monsoon,2007 (Cation composition
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Fig. 66: TERNARY PLOT for KT- Pre monsoon, 2008 (Anon composition)
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Fig. 67: TERNARY PLOT for KT- Monsoon, 2007 (Anion composition)

Fig. 68: TERNARY PLOT for KT- Pre monsoon, 2007 (Anion composition)
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Piper Plot for Pre Monsoon 2008
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Fig. 80: Extensive compilation of groundwater analges from a wide variety of
aquifer host rocks (After White et al, 1963
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CHAPTER 6: CONCLUSIONS

Kolasib town of Mizoram and its surrounding lodakt are selected for the
geochemical and bacteriological characteristicstref water used for domestic use.
Further, estimation of heavy metals and other patio trace amounts is also aimed for
the work undertaken in the area. These trace elsnaen other parameters together were
discussed with geological composition of the hastkrand with other anthropogenic
activities due to increasing urbanization. The slesifrom all sources of potable water
were collected and studied for their physic-chelnécal bacteriological parameters. The
Main source is the water supplied by the PHED ath@roalternative sources available in
the study area are tuikhur and harvested rain watecording to research plan the
samples were tested three times in a calendar gsgpre monsoon, monsoon and post
monsoon. The same has been continued for thregecotive years starting from post
monsoon 2005 to pre monsoon 2008. The physicalnpeisas include pH, electrical
conductivity, total dissolved solids and turbidityrereas the chemical parameters include
total alkalinity, total hardness, calcium, magnssitsulphate, bicarbonate, total chloride,

fluoride and nitrate. The bacteriological paramete¢he determination of total coliform.

All the physical parameters are well within thempissible limits of ISI (1991) and
WHO (2008). The aquifer rocks are mostly sandstand Shale intercalation with
absence of carbonate rocks i.e. limestone. Thestens values of pH which are found to
be closer to 7 are mainly indicating the absendaredstone and confirming silicic nature
of aquifers in various micro-water sheds for tuiknater samples. The same is also true
for the surface water as the same type of rocks the base of the rivers from where
PHED lifts the supply water. Lower values of EC suggesting the low solubility of salts
from host rocks, which is in accordance with thet feilicic host rock. As per Fetter's
classification based on TDS the water quality af #tudied area is grouped as ‘Fresh

water type’.

In chemical parameters, the total alkalinity haerb found mainly due to the
presence of bicarbonate ion as hydroxide and catbdans are absent in all the samples
because of the fact that carbonate minerals arentilos the study area. The soil zone is
the subsurface environment that contains elevateg gtessure (produced as a result of
decay of organic matter and root respiration) whichurn combines with rain water to

form bicarbonate. Deficiency of calcite and dolaniit the host rock is also supported by
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the low values of total hardness in the water samplhe slightly higher concentration of
chloride in tuikhur water may be attributed to tbentamination from sewage waste
leaching from upper soil layers due to industriat adomestic activities. Fluoride in
drinking water can originate from the fluoride bagrminerals such as fluorspar, fluorite,
cryolite, fluorapatite and hydroxylapatite. The |tevel of fluoride in water samples may
be attributed to the lack of fluoride bearing maierin the strata through which water is
filtering. The concentration of sulphate in watemples is mainly due to burning of
forests as the area under study experiences freduening of forests in the summer
season for jhum cultivation which is still prevaiem Mizoram. Denitrification and plant

assimilation of N@ before entering the streams is main factor for fotrate content in

the potable water sources and subtle usage ofiZers particularly nitrogen fertilizers

throughout the Mizoram in general and algal assitioih might be other reasons for low

content of nitrate in water samples.

Despite the fact, that the there is scarcity ofbcaate minerals in the rock
composition, Calcium is the most dominant catioth region under study of course the
values are too less. The calcium content is sugpbdsebe mainly contributed by
anthropogenic sources. Low content of sodium inviager samples under study may be
due to absence of evaporites and halites in therboks as they constitute only sandstone
and shale intercalations. . Since potassium isideresd to be less mobile, its contents are
also less than that of sodium in the potable waté¢he Kolasib town and adjoining small

town/villages.

Among heavy metals as trace elements in the potahter the concentrations of
Cd, Cr and Mn are within the prescribed limit of WWH2008) & ISI (1991) in all the
samples of KP and KT waters in all the three seasbime concentration of Ni, Cu, Co and
As is below the limit of detection in all the sampl The low amounts of heavy metals in
the studied area in contrast to the neighbouriagestand Bangladesh where they are
present in significant amounts particularly arseinipotable water is an interesting fact
and can be explained by the dominance of shaldhenpresent area. Clay minerals
constituting shale are having phyllosilicate stowet providing enormous space as
structural voids, where metals ions of large icsike can be accommodated by replacing
OH, K" ... ions. Pronounced adsorption capacity of clay naiiseillite, montmorillonite

etc. play a dominant role in depletion of heavyitelements and cations.
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Slightly higher values of coliforms in water sangpl®ay be attributed to the use of pit
latrines, piggeries and poultries which is predantrin the study area. Transfer of human
excreta and waste from piggeries and poultry fabmsain water to the water sources
seems to be the major cause behind the sudderasecia coliform during monsoon

season.

Bicarbonate and calcium are found to be in domieaamong anion and cation
respectively suggested by the ternary diagramsatéres and anions. However, the next

dominant cation is sodium and chloride is the mxhinant anion.

White diagram (Piper) supports the geological cositpn of aquifers as
sandstone and Shale/Claystone. The total hydrochemof the area under study is
dominated by alkaline earths and weak acids. Mbtheosurface and sub surface waters
in the study area can be classified as Ca-Na-H@¢€kes while in some samples of surface

water Na is replaced by Mg giving rise to Ca-Mg-HQ¢pe of water.
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