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CHAPTER -1
INTRODUCTION

1.1 General Background

Climate change is one of the unavoidable but challenging issues of the world, which is
gradually increasing threats to the ecosystem, water resources as well as the entire
environment. The meteorological and hydrological chaf@esrs arencluding, therise

in global earth's temperature, rainfall patterns, mean sea level, catastrophic storms, and
floodingthatsupporthecontinuous climate change. The rising of global temperatures will
bring changes in weather patterns though Bangladesh plays verydidlin greenhouse

gas emissions, leading to climate change andesehrise. Sea level rise contributing to
saline intrusion or inundation of coastal freshwater resources is probably the most direct
impact of climate change, particularly for shalloguders along with lowlying coastal

areas. However, there are some ambiguities about the magnitude of future climate change
at local, regional, and global levels. Nevertheless, using some climate models, some
schools of thought provided the available mfiation about future climate change and its
impacts on water resources as well as water quality.

Bangladesh is a lowying deltaic land, flat topography, and gradually slopped down to the
Bay of Bengal, enriched with hugeastal areas.he coastal arsaof the countrgover an

area of 47,201 kfqwhich is about 32% of the total area that encompasses the landmass of
19 districts (Ahmad, 2019). The coastal zone difghore island in Bangladesh arery

flat with the highest less than 3 m above the Mean Sea Level (Ba#r2015), unique
physical characteristics, gifted with vast floodplain lands, overlapped with numerous
estuaries, tidal rivers, creeks, and their tributaries. The river systetoasialareashave

tidally influenced from the Bay of Bengal as well as freshwater flew from the upstream.
Throughout the rainy season, local rainfall upsurges with freshwater flow preserve good
water quality, but the pressure of that flows decreasesgltine dry season, due to
insufficient rainfall and humamduced settlements. As a result, the consequential

backwater effect forms, and thus the surface water quality deteriorates. Water quality refers
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to the suitability of water for particular purpasse. Sweet water is a small portion of the

total volume of water (0.72%), must have to maintain a minimum quality for drinking,
domestic, industrial, and agricultural purposes. Water quality mainly depends on several
factors, including general geology, deg of chemical weathering of various rock types,
recharge water, and upstream water flows (Albarede 2003; Mostafa et al. 2017).

The southern part of Bangladesh under the coastal zone that receives the discharge of
numerous rivers, including the Gangg&mhmaputreMeghna (GBM) river system,
creating one of thiargest deltaic floodplain ecosystems of the walldastal ecosystems

have key inbuilt features or functions. The coastal ecosystems provide habitat to
genetically, ecologically, and economicallylwable biological organisms.

Several climatologists have agreed that the gradual meteorological and hydrological
changes can have fegaching consequences on water quality as well as water resources.
Again, global warming changes the precipitation paten response to climate change

that significantly alters the surface water quality. Temperatuheced meteorological and
hydrological changes would severely affect the coastal water ecosystem as the areas are
located in lowlying areas. Due to the séavel rise, saline water would intrude into the
inland surface as well as groundwater that depreciates the water quality. Again, insufficient
and irregular rainfallas well as heavy runoff from the upstream deposited to the lower
coastal reservoir couldesously affect the water quality. Saline water intrusion is
considered to be a major hazard for the coastal water system. The seawater intrudes or
encroaches on inland water bodies through penetration or seepage due to tidal bores or
unusual high tide. Tirs, the saltwater gradually mixes with the freshwater and deteriorates
the water quality. Again, the reduction of freshwater flow from the upstream could decrease
the hydrostatic pressure and thus freshwater head flow at the seawater interface. Anyway,
increasing the volume of seawater (i.e. the rising of sea level)oarating theflow of

sweet water pressure, seawater gradually intruded to the inland through the surface and

ground and devalues water quality.
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1.2 Statement of problems

Recent studies state that the coastal areas of Bangladesh are facing enormous challenges in
meeting freshwater demand as slueface andjroundwater sources are contaminated with
water quality problemsRahmaret al.,2013 Chowdhuryet al.,2014; Minaretal. 2013)

The problem becomes intensified due to some climate change associated hazards like the
sea level rise, rivebbank erosion, land accretion, diversion of river route, insufficient and
irregular rainfall, cyclone, tidal surge, etc. Dasgugtaal. (2014) illustrated that over
extraction of groundwater, upstream diversion of surface water, and shrimp farming, the
coastal GangeBrahmaputra delta has been experiencing a relatively rapid measure in
groundwater, river, and soil salinity. The study ases that climate change is
predominantly liable for hydrological changes in the coastal areas of Bangladesh.

In the coastal area of Bangladesh, drinking water is mainly derived from deepThells
irrigation water supplys restrictedto surface water bodies. Freshwater is also available at
shallow depth sourced from seasonal precipitation but turns to brackish conditions during
the dry period.

Climate change and séavel rise are already affecting the coastal environments in many
locations of Bangladesh. Especially, it has been affected theceninal coastal region

where a lot of hydranorphological changes such as seashore and riverbank erosion,
unusual siltation, and human migration are observed. Some researchers found tlaat the se
shoreline is tremendously eroding and now it is more attacking phenomena than in the past
few decades. Already about 225%ilometers of sea line have been eroded and the seawater
invaded the coastal inland areas. Elevated rates -dégelaise (up td cm/per year) affect
coastal infrastructure, freshwater resources, and the marine ecosystem of the coastal region
of Bangladesh. Alteration of rainfall and storm patterns, freshwaters are contaminated by
saltwater flooding and permanent inundation byngssea level. Many of the deep tube

well contain turbid and saline water that creates problems for drinking, domestic and
irrigation purposes uses. However, Seashore and riverbank erosion is an important factor
in this area which seriously compelled thedbpeople to migrate from the invaded areas.
Eventually, the migrated people go to the urban areas for shelters which create severe local

sociceconomic problems.
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1.5 Objectives of Research
The main objective of the study was to assess the impacts of climate change on water
quality in coastal areas of Bangladesh. The study conducted a compreherestigation
of the hydremeteorological changes, existing water qualinally, it assessd the
climatic impacts on water quality in the coastal areas of Bangladesh. The study also
considered some specific objectivard those are as follows:

1. To assss the trend in meteorological factors, including temperature, humidity, and

rainfall in the study area.
2. To assess the trend in hydrological factansluding sedevel rise and salinity
intrusion in the area.

3. To characterize the surface and groundwsaenples in the area.

4. To evaluate the existing water quality in the area.
1.6 Outline of Research
The thesis encompasses five chapters. A brief description of these chapters are given
below:
Chapter-1: It describes the general background of the thesis. sthement of the
problems, the research gap, the research questions, hypothesis, outcome of the research,
and objectives of the research are written in the chapter.
Chapter-2: It illustrates the reviewing works which help to identify the research gaps,
dewelop a solid background for the investigation, and justify the arguments in research
findings.
Chapter-3: This chapter states the methodology used in the design of the experiments. It
also presents the approach is taken and the mathematical tools tieednalysis.
Chapter-4: The detailed results of both the laboratory and secondary data analysis are
interpreted and described in this chapteingseveral graphs, tables, charts, and figures.
The chapter also describes the existing water quality whichmeasured with suitable
water quality indices. Finally, it assesses the impacts of climate change on the water quality
of the areas.
Chapter-5: The chapter summarizes the maasults and finding®f the thesis and

presents some recommendations
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2.1 Climate Change

Climate change, also defined as global warming, refers to the rise in average surface
temperatures on Earth. An overwhelming consensus amongst scientists maintains that
climate change is due primarily to the human use of fossil fuels, which releases carbon
dioxide and other greenhouse gases into the Tdie most recent reports of the
Intergovernmental Panel on Climate Change (IPCC) confirmed the arrangement amongst
the concerned scientists and policymakers that htintuced climate change is now
arising.The latest 6th IPCC report declared that in the previous century, the global average
air and ocean temperatures increased and there was widespread melting of snow and ice,
and the global average skeel rise occurred. During the last century, the glcb@elace
temperature was increased by 0@ 4n the period between 1906 and 2005 with a faster
warming trend over the past 50 years (Vereeial.,2010). According to Leeuwen and
Darriet (2016)depending on the scenario of greenhouse gas emissions ratunes are
predicted to increase by from 1 °C to 3.7 °C until the end of the century, compared to the
reference period 1982005 (IPCC, 2014)Observed change in the climate over recent
decades has been linked with changes in the global hydrologicaliogtleling increased
atmospheric water content and changing precipitation pat(@/agis et al. 2015).The

studies of Arnell (2004); Alcamet al. 007) suggested that billions of people living in

the waterstressed areas will be adversely affectedlbgate change. The projections of

the climate model by Alcamet al.(2007) showed that water stress of the total global river
basin area increases overB28 % between 2007 and 2050, and that will significantly

decline the surface and ground water gyal
2.2 Meteorological and Hydrological Changes

Recently, most of the climatologists argue that climate change is occurred due to the
increase of carbon dioxide concentration in air, defined as global warming. The excess
amount of carbon dioxide increasthe surface temperature, which directly affects the
rainfall, evaporation, storms, floods, droughts,-le¥@l, and other extreme events. The
most popular concept stated that climate change is mainly attributed to anthropogenic

factors. The highest amou of carbon dioxide and other greenhouse gases in the
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atmosphere is reported in recent years that proved the opingmieotists Accoding to

Irby et al. (2018)global climate change is projected to alter the world's marine
environments with coastal arestuarine systems bearing exacerbated impacssudy
showed that anthropogenic activities caused global warming by increasing the
concentrations of carbon dioxide and other greenhouse gases (Hoeigako2001).

A study of RojadDowning et al. (2017}ktated that lgbal climate change is primarily
caused by greenhouse gas (GHG) emissions that result in warming of the atmosphere
(IPCC, 2013)Many scientists concurred that the indiscriminate emission of greenhouse
gases is predominantly liable for chargyglobal temperature. A study showed that the
atmospheric concentration of carbon dioxide increased from 280 to 369 mg/L (ppm), and
the global temperature of the earth increased by about 0.60C €Melll2006). It also
showed that the average globaifaue temperature projected to increase by3tClfrom

1990 to 2100 for lowemission scenarios, and BBC for higher emission scenarios of
greenhouse gases. Over the same period, the associated rise in global nieesl sea
projected between 9 and 88 2nThe Intergovernmental Panel on Climate Change (IPCC)
declared that a climate model projected the global temperatures would increasd¥y 1.5

by 2100 (Jenkis et al.2009).According to Alamdaret al(2017) nearly 30% of the urban
areas exhibited aignificant increase in extreme precipitatiwhich seriously affect the

hydrological regimes.

2.3 Impacts of Meteorological and Hydrological Changes on Water bodies

Most important meteorological and hydrological factors such as temperature, evaporation,
and precipitation are directly or indirectly linked with the river flow changes and
groundwater recharge (Chew, 2007). Climate change is expected to hagactang
consequences for river regimes, flow velocity, hydraulic characteristics, and coripectivi
across habitats (Browet al.,2007).Global climate change is likely to have significant
effects on the hydrological cycle (IPCC, 198funtington, 2006). The hydrological cycle

will be intensified, with more evaporation and precipitation, but thegxtcipitation will

be unequally distributed around the globe (8ual.,2010). About onesixth of the world
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people live in the river basin supplied by melting water from mountain ranges (Kundzewicz
et al., 2008). Rosenzweigt al. (2007 stated that soe climate change impacts on

hydrological processes have been observed already, and further changes are projected.

The study of Kundzewicet al. (2008) stated that many of the present waterssed semi

arid and arid areas are likely to suffer from @éeasing water resource availability due to
climate change, as both the river flows and groundwater recharge decline. Metrdbch
(2000) described that global warming will change the precipitation patterns, and the
changes significantly alter the qualdf/surface waters. IPCC report, 2007 affirmed that
the Freshwater availability in the Central, South, East, and Southeast Asia, particularly in
large river basins, projected to decrease due to climate change, could adversely affect more
than a billionpeople by the 2050s. Climate change can havestarhing consequences for
water resources (Arnell, 2003) as well as water quality (Hejlal., 2003 Webbet al.,

2003 Whiteheacet al.,2009). The results of some studies indicated that water quatity ca
be directly affected through several climagdated mechanisms in both the short and long
term (Parket al., 2009). A study was conducted on three lakes of Western Victoria,
Australia over 15 years and found a strong relationship between climate emahgater
quality Jun et al., 201pD

The temperature must be viewed as the predominant factor affecting almost all the
physicochemical equilibriums and biological reactions (De#plal., 2009 Della et al.,

2007). Surface water bodies are directly affected by the air temperature, and thus the water
quality is influenced by increased heat of the atmosphere. River water temperatures are
found in close equilibrium with air temperature and, as the air temperatese s will

rise river temperaturesiassan et al(1998) and Hammond and Pryce (2007) stated that
the most immediate effect on climate change is expected to be in river and lake water
temperatures. Another study describes that there has already b8&D teperature that

was raised over the last 100 years in large European rivers such as River Rhine and the
River Danube (EEA report, 2007a). An increase in water temperature alters the rate of

operation of some key chemical processes in water. Increasks water temperature
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decrease the oxygédrolding capacity of surface water can decrease the productivity of

water living species (Jacoby, 1990).

Changes in flood and drought frequency are visible around the world. According to the
report of the Intergeernmental Panel on Climate Change, the proportion of total rainfall
from heavy precipitation events is very likely to increase over most of the tropical and high
latitude areas (IPCC, 2007a). Kundzewatal.(2008) described that the flood frequency

and its magnitude was projected to increase in the regions of increasing precipitation
intensity. The study of Brunett al. (2001) and Batest al.,(2008) claimed that in the
temperate regions, climate change will decrease the number of rainy daysdagertbe
average volume of each rainfall event. Bagesl. (20089 mentioned that an increase in
precipitation at high latitudes and a decrease in precipitation at low latitudes are expected.
Delplaet al. (2009) described that floods and droughts are iain impacts of climate
change on water availability as well as water quality. These factors can be able to modify
water quality by direct effects of dilution or concentration of dissolved substances. A study
conducted bylunet al. (2010) stated that ¢hextreme events such as floods and droughts,
the frequency of which is predicted to increase, also modify water quality through direct
impacts of dilution or concentration of dissolved substanggain, the more intense
rainfall and flood would increadeads of suspended solids (Lagteal.,2007). Arnellet

al., (2014) described that the extreme precipitation in many regions increased since1950,
which suggests an increase in rainfall intensity that would enhance soil erosion and stream
sediment loads. Bsolved Oxygen (DO)can be affected by both the temperature and
rainfall events. Several studies stated that the concentration of dissolved substances
increased with decreasing of dissolved oxygen (DO) (Prathumratatha2008and Van

Vliet and Zwolsman2008).
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2.4 Climate Change and Sedevel Rise

In recent times, scientists have given the highest attention about the glolmledese

and its impacts on the hydrology, water resources as well as water quality. The experts
described that thasing temperature melts the mass volume of ice of the Polar Regions.
The augmented temperature also expanses of the ocean water, and increases the seawate
level. Wigley and Raper (198#eportedthat the global mean séavel raised about-3

cm during B80-1985 due to the greenhougasinduced thermal expansioMall et al.

(2006) showed thahe global mean sdavel raised about 10 to 20 cm and there has been

a 40% decline in Arctic Sea ice thickness in late summer to early autumn during the past
45 o 50 yearsAccording to the IPCC report 2007, the global averagdeses raised by

1.8 mm per year from 1961 to 2003 and the Arctic sea ice extent decreased by 2.7% per
decade from 1978. The IPCC predicted that théeses is projected to rise beter 1980

+1999 and 2090 2099 by 35 cm in the A1B scenario (Mon@dlal.,2013). The rise of
sealevel will extremely affect the lovying coastal regions. Nichollet al (1999)
estimated that the se@ HYHO ULVH FRXOG ORVH XSl WeRands bRl WK
the 2080s. Bangladesh is a predominantly coastal country, highly vulnerable to-the sea
level rise. A report showed that about 10 cm, 25cm, and 1 m rise-legvaay 2020, 2050

and 2100 would affect about 2%, 4% and 17.5% of the totahlassl of Bangladesh,
respectively (Report of World Bank 2000).

2.5 Impacts of Climate Change on Water Quality

Climate change generally influences to some primary and secondary hydrological factors
as well as water quality such as chemical reactions, meitidh, salinization, nutrient
contaminations, stratification, and oxygen concentration. Such changes can speed up the
weakening of both surface and ground water quality. It is important to note that direct and
indirect processes related to climate chaaffect the physicochemical water quality
(Verweij et al.2010). It is expected that the increased precipitation increases nutrients
runoff from the agricultural lands to surface waters and load nutrients to waters and make
eutrophication (Mooijet al.20M). Severalclimatologists have agreed that the gradual

meteorological and hydrological changes can havweefacrhing consequences in water
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quality (Hejzlaret al.,2003 Webbet al.,2003) as well as water resources (Arnell, 2003).
Again, Global warminghangs the precipitation patterns riesponse to climate change

that significantly altesthe surface water quality (Murdoehal, 200Q Kundzewiczet al,
2008).Whiteheacdet al (2009 described that some climate model scenarios provided the
best avdable information for assessing future impacts of climate change on the water
quality and ecology of surface water bodies. Battadieal. (2008) stated that a mega
project was taken in Europe to investigate the impacts of climate change on rivers, lakes
and wetlands across Europe.

2.6 Climate Change Impacts on Coastal Water Quality

About onequarter of the global population lives in coastal regions that have less than 10%
of the global renewable water supply and @amedergoing rapid growth. Salinitgtrusion

is due tothe excessive water withdrawa expected toeduce thereshwater availability
(Kundzewiz et al.,2007). Minaret. al.,2013 described that manade global climate
change and associated deeel rise can have a major adverse penaltytiie coastal
ecosystem. Salinity has been viewed as one of the most important variables in the coastal
water system. Saltwater intrusion poses a hazard to drinking water, crop irrigation, and
freshwater aquatic life. The salinization or increasing theriid ion concentration in
freshwater bodies can occur with the intrusion of the seawater through the surface or
ground. Salinity is considered as the most hydrological hazard in the coastal areas. Sea
level rise mainly contributes to the salinization ofers connected to the sea and
groundwater in the low lying area. According to Van &Ejlal (2009), saltwater intrusion
greatly influences the groundwater close to the coastal, particularly in polder areas. The
study also specified that the coastal lineater aquifers are the most vulnerable to
salinization by the advance of seawater intrusion (Vemtei|.,2010). The working group

[l contribution to the 4th assessment reptPQC report, 200Y illustrated that heavily
populated megdelta regions inthe coastal areas in the South, East, and Southeast Asia

will be at risk due to the increase of flooding from the sea and rivers.
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2.7 Climate Change Impacts on Coastal Bangladesh

The southern part of Bangladesh under the coastal zone that receivéeschiz@ge of
numerous rivers, including the Gangg&sahmaputreMeghna (GBM) river system,
creating one of the most productive ecosystems of the world. The coastal zone and offshore
island in Bangladesh are very flat with a height of fewer than 3 m abo\Wdhe Sea

Level (MSL). The country hasubtropical monsoon, one of the most vulnerable countries

to climate change in the world and will become more susceptible in the future étshhm

2011). According to the report of MOP, 2011 Climate change headl affected the life

and livelihood of people in the coastal areas and in the arid andasemiegion of
Bangladesh (Rahmaeat al.,2015).

The humid and subtropical countries like Bangladesh would be more exposed to the
impending impacts of global waing. Mondalet al.(2013) stated in a study that cyclone,
storm surge induced flooding, coastal flooding, w#tigging, salinity intrusion, and
coastal erosion are considered as the predominant climatic and hydrologic event of coastal
Bangladesh. The wtly also stated that about arteter rise of sekevel would submerge

about 18% of the total land area of Bangladesh. €tw. (2007) illustrated that most of

the Global Circulation Models (GCM) considered in the IPCC 2007 report. The study
predicted tat a slight increase (<10%) of rainfall would increase by 2040 over most of the
GangesBrahmaputraMeghna catchment area of BangladesheHal. (2010 described a

<5% increase in monsoon rainfall by 2050 in that region. The scientist predicted that due
to climate change, crop production would be seriously troubled in theapibal region.
Brammer (2014) described that the combined effects of changes in temperature, rainfall,
flood, cyclone frequency, and skavel rise rice production could reduce abbib3.5 and

5.5% during the monsoon and dry season, respectively in Bangladesh. Bangladesh is
exposed to several climate changduced primary and secondary hazards including
WHPSHUDWXUH DQG UDLQIDOO YDULDWLRQV, s@iteR XJKW
intrusion and rises of the séavel. Bangladesh has been marked as the third most
vulnerable country in the world in terms of the number of people affected tgvedaise.

Penderet al (2008 described that about 33 million people of Bangtdevould be
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affected adverselgy 2050 due to s€ikPrigeR GGre and Hought¢R009) also described

that Bangladesh would M@ TERIMIeBEN DN BYHIODSs thdesehrises with global
warming, and millions of people would be displaced as themse@ached.

The review signified that climate change has a static impact on water resources and water

quality, especially in coastal areas. It showed that Bangladesh is considered vulnerable to

dinpednaigedie aseans1pdmnatnohcinai chrREne am iy fiaibnhindde gelected
spafioblarrs MBanwgdrselbg siadiested femecseerbsanoretpRifdraical (ghly
tRrepghalWie gbtaidid apearainfalitea BHamYE OlRgiEdineagt TR RARRBIRNE agaliailya Lk
abueldsianmhry EHiag R RteMO NS HEEACLade etsH 15 SAME I @td. ¢RIREGE SBrWater
gREPRE oM dhp FriffeR Ldriese MRiRgeaRRlacRP B RRYANRHS VRIS RS 8 water
Witdmn, thepasraah Priindndheaariirs ovsre, pesfetigicupisid SR Eidiceriantfia matirds
RS RRAYRYENRTHEr s PRI | AREeSPRNCTR RV H RaL REPCRIAISSH MedeiaseEigRiHs of
BaHyAgseh. including Atomic  Absorption  Spectrophotometer  (AAS), UV
spectrophotometer, a sensitive pH, EC, DO meters, etc. were used for analytical tests. The
standard methods were applied in the analyses to maintain maximum accuracy. Finally, the
study tried to evaluate thexisting water quality of the study area using two suitable water
quality indices, i.e., irrigation water quality index (IWQI) and arithmetic water quality
index (AWQI). In this chapter, the methods and systematic procedures of water samples

preparation, geservation, analyses, and quality indexing are thoroughly discussed.
3.1 Study Area

The study selected Kalapara Upazila under Patuakhali district situated in tseutid

central coastal areas of Bangladesh. The area located in between 212230&hdorth
latitudes and 90°05' and 90°20' east longitudes (Banglapedia, 2019). The north and western
parts of the area are bounded by another coastal district, Borguna. The eastern side is
bounded by the largest channel named, Rabnabad channel of paoldpazila in
Patuakhali district of Bangladesh. The southern part of this area is joined with the Bay of
Bengal. (Fig. 3.1)
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3.5.4.2 Magnesium lon (M§")

(a) Standard Solution Preparation

To prepare the standard solution, A exatt§50g of analytical pure 99% MgO was taken
in a 100 mL Volumetric flask antiade up to the mark with distilled water with continuous

shaking.
(b) Suppressing Agent

Suppressing agent of 1% solution was made by taking 1 g ot ba@11.50 mL1M HCI
in a 100 mL volumetric flask and made up to the mark with distilled water. Then, 10 mL
of the 1% Lanthanum solution was taken in a 100 mL volumetric flask and diluted with
distilled water. About 2 drops of 0.1% lanthanum solution were usedsfandardand

sample solutions.
(c) Procedure
(i) Standard Curve

The proportion of 50,100,150, and 200 mL standard solutions were taken in different 100
mL volumetric flask and made up to the mark with distilled wal&e absorbance of
standard samples wdstermined by AA$ the wavelength of 285.20 nm with 0.7 nm silt

to make the standard curve.

(i) Absorbance of Samples

Following the same procedure, the absorbance of collected samples was determined.
(iii) Calculation

The absorbance of the samples atahdard solution were determined in the wavelength
of 285.20 nm with 0.7 nm silBy using the absorbance, the concentration of samples was
determined directly from the standard curve.
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3. 5.4.5 Manganese (Mn)

(a) Standard Solution Preparation

Exact 3.070 g of analytical pure 99% MnSIMHO was taken in a 1000 mL Volumetric

flask andmade up to the mark with«tilled water.
(b) Suppressing Agent

About 2 g CaC®and 3 mL 1M HCI was taken in a 100 mL volumetric flask and made
up to the mark with distilled water. To prepare a 0.2% solution, 10 mL of 2% £aCO
solution was taken and diluted with 100 mL distilled water. Thed,dtops of 0.2%

solution were used in standard and sasple
c) Procedure
(i) Standard Curve

The proportion of 1, 3. anfl mL standard solutions were taken in different 1000 mL
volumetric flask andnadeup to the mark with distilled wateFhe absorbance of standard
samples was determined by AABthe wavelength of 279.48 nm with 0.7 nm silt to make

a standard curve.

(i) Absorbance of Sample

Following the same procedure, the absorbance of collected water samples was taken.
(iif) Calculation

The absorbance of samples and standard solution were taken at the wavelength of 279.48
nm with 0.7 nm siltBy using the absorbandie concentration of samples was cadoed

from the standard curve.
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3.5.4.6 Iron (Fe)

(a) Standard Solution Preparation
Exact 4.980 g analytical pure 99% FeS®hLO was taken in a 1000 mL volumetric flask
andmade up to the mark with distilledater.

(b) Procedure
(i) Standard Curve

The proportion of 0.50, 1, and 2 mL standard solution was taken in different 2000 mL
volumetric flask ananadeup to the mark with distilled watefhe absorbance of standard
samples was determined by AASthe wawelength of 248.3 nm with 0.7 nm silt to make

a standard curve.

(i) Absorbance of Sample

Following the same procedure, the absorbance of collected samples was taken.
(i) Calculation

The absorbance of samples and standard solution was taken at the wavelength of 248.3 nm
with 0.7 nm silt.By using the absorbance, sample concentrations were calculated directly

from the standard curve.
3. 5.4.7 Copper (Cu)
(a) Standard Solution Prepardion

Exact 3.930 g of analytical pure 99% CuSBBO was taken in a 1000 mL volumetric

flask andmade up to the mark with distilled water.
(b) Procedure
(i) Standard Curve

The proportion of 0.50, 1, and 2 mL standard solution was taken in differedtmDO

volumetric flask ananadeup to the mark with distilled water. The absorbance of standard

26| Page



samples was determined by AABthe wavelength of 324.75 nm with 0.7 nm silt to make

a standard curve.

(i) Absorbance of Sample

Following the same procedutée absorbance of collected water samples was taken.
(i) Calculation

The absorbance of samples and standard solution was taken at the wavelength of 324.75
nm with 0.7 nm silt.By using the absorbance, sample concentrations were calculated

directly fromthe standard curve.

3. 5.4.8 Zinc (Zn)
(a) Standard Solution Preparation

Exact 4.98 g analytical pure 99% ZnSH,0 was taken in a 1000 volumetric flask and
made up to the mark with distilled water.

(b) Procedure
(i) Standard Curve

The proportion of 1, 3, and 5 mL standard solution was taken in different 1000 mL
volumetric flask ananadeup to the mark with distilled watefhe absorbance of standard
samples was determined by AABthe wavelength of 213.86 nm with 0.7 nm silt to mak

a standard curve.
(i) Absorbance of Sample

Following the same procedure the absorbance of collected water samples was taken.
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(i) Calculation

The absorbance of samples and standard solution were taken at the wavelength of 213.86
nm with 0.7 nm silt By using the absorbance, sample concentrations were calculated

directly from the standard curve.
3. 5.4.9 Arsenic (As)

(a) Standard Solution Preparation

Exactly 1.3203 g of analytical pure 99%.,88 was taken in a 1000 volumetric flask and
made up tahe mark with distilled water.

(b) Procedure

(i) Standard Curve

The proportion of 4, 12, and 20 mL standard solution were taken in different 21000 mL
volumetric flask ananadeup to the mark with distilled wateFhe absorbance of standard
samples was detmined by AASIn the wavelength of 193.70 nm with 0.7 nm silt to make

a standard curve.

(i) Absorbance of Sample

Following the same procedure the absorbance of collected water samples was taken.
(iif) Calculation

The absorbance of samples and standard solution were taken at the wavelength of 193.70
nm with 0.7 nm silt.By using the absorbance, sample concentrations were calculated

directly from the standard curve.
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3. 5.4.10 Lead (Pb)

(a) Standard SolutionPreparation

Exact 1.6 g analytical pure 99% Pb(h&was taken in a 1000 volumetric flask andde

up to the mark with distilled water.

(b) Procedure

(i) Standard Curve

The proportion of 2.50, 5, and 10 mL standard solution were taken in different 27000 mL
volumetric flask andnadeup to the mark with distilled wateFhe absorbance of standard
samples was determined by AASawavelength of 283.31 nm with 0.7 nm siltrtake a
standard curve.

(i) Absorbance of Sample
Following the same procedure, the absorbance of collected samples was taken.
(i) Calculation

The absorbance of the samples and standard solution was taken at a wavelength of 283.31
nm with 0.7 nm siltBy using the absorbance, the concentration of samples was calculated.
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3.5.5.2Nitrate :{iy{;lon
The nitrate ion: 7;in water sample was determined using ultraviolet (UV)

Spectrophotometric method.

(a) Stock Nitrate Solution

Analytical grade Potassium nitrate ( ;;was dried in the oven at 10% for 24 hours.
Exactly 0.7218 g swas weighted transferred to 100 volumetric flask and made up to
the mark with distilled water. (Here, 1 mL solution = 1000 ppn¥ ;. The solution was
preserved with a 2 mL CHglsolution.

(b) Intermediate Nitrate Solution

10 mL stock solution as taken in a 100 mL volumetric flask and made up to the mark
with distilled water. (Here, 1 mL solution = 100 ppm 3 . The solution was preserved
with a 2 mL CHC} solution.

(c) 1 N Hydrochloric Acid (HCI) Solution

83 mL of concentrated HCI was meesti and transferred to a 1000 mL volumetric flask
and made up to the mark with distilled water.

(d) Procedure

(i) Sample Treatment

1 mL of 1 N HCI solution was mixed thoroughly in 50 mL sample and then filtered.
(i) Standard Curve

The proportion 00.50, 1, and 2 ml intermediate nitrate solutions were taken in 3 different
100 ml volumetric flasks, and made up to the mark with distilled water. The absorbance of
the water sample was determined in AAS. A Standard curve was formulated by plotting

the absrbance against the concentration.
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(iif) Spectrophotometric Measurement

The absorbance was read against distilled water set at zero absorbance. A wavelength of
220 nm was used to obtain 7 ion absorbance and a wavelength of 275 nm used to

determine iterference due to dissolved organic matter.
(iv) Calculation

The absorbance of the samples and standard solution was taken at two wavelengths and
the absorbance reading at 275 nm was subtracted from the reading at 220 nm for each
sample and standarBy using the absorbance, the concentration of samples was calculated

from the standard curve.
3.5.5.3 Sulfate lon: )’/9?;

The sulfate ion : §7;in water sample was determined using Ultraviolet (UV)

Spectrophotometric method.

(a) Buffer Solution

Exactly 30 mg of %o Z& ¢ , 5 g sodium acetate - f & ¢ ;ara& s sksodium
sulfate: fg g;and 20 mL acetic acid ( - ;were taken in a 1000 mL volumetric
flask. They were dissolved with distilled water through continuous shaking and made up
to the mark with distilled water.

(b) Barium Chloride

About20-30 mesh f ¢crystal was used to make uniform turbidity.
(c) Standard Sulfate Solution

Exact 0.1479 g anhydrousfg gwas taken to a 1000 mL volumetric flask. It was
dissolved with distilled water through continuous shaking and made up to the mark with

?

distilled water. (Here, 1 mL solution = 100 §° ;

32| Page



(d) Procedure
(i) Sample Turbidity Formation

A 10 mL watersample was taken in a 250 mL Erlenmeyer flask and 4 mL buffer solution
was added. At the time of shaking a spoonful ¢f Zcrystal was added and the solution

was shaken for-3 minutes.
(ii) Standard Curve

The proportion of 5, 10, 20, and 40 ml intedise sulfate solutions were taken in 5
different 100 ml volumetric flasks and made up to the mark with distilled water. The
absorbance of the samples was determined by AAS. A Standard curve was made by

plotting the absorbance against the concentration.
(iif) Spectrophotometric Measurement

The absorbance was read against distilled water set at zero absorbance. A wavelength of

420 nm was used to obtain §%ion absorbance against concentration.
(iv) Absorbance of