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ABSTRACT 

 

 

 

A hydro-meteorological study was conducted at Kalapara Upazila in Patuakhali District 

to assess the impacts of climate change on water quality in coastal areas of Bangladesh. 

Some secondary meteorological data of Khepupara (now Kalapara) station from 1975 

to 2017 from BMD and mean sea level and salinity data of few decades from BWDB, 

SRDI, and PSMSL have been collected for the present study. The water samples from 

the selected estuaries, rivers, canals, ponds, and tube-wells have also been collected 

during the pre-monsoon, monsoon, and post-monsoon seasons of 2016 and 2017. Some 

major water quality parameters, including water temperature, DO, pH, EC, TDS, TSS, 

Na+, K+, Ca2+, Mg2+, Fe, Cu, Pb, Mn, As, Zn, Cl-, SO4
2-, NO3

-, HCO3 
�±  and PO4

3- were 

analyzed and the interpretation was made to determine the present water quality of the 

area using various diagrams, indices, formulas, and graphs.  

The meteorological data showed significant positive increasing trends of annual 

average temperature, relative humidity, and rainfall. The annual average temperature 

increased to 0.7oC, and the projected trend line is likely to raise 1.2oC by the year 2050. 

The study estimated that the projected relative humidity and rainfall would be increased 

by 6.6 % and 234.7 cm, respectively, by the same period. The available secondary tide 

�J�D�X�J�H�� �G�D�W�D�� �R�I�� �I�R�X�U�� �V�W�D�W�L�R�Q�V�� �Q�D�P�H�G�� �W�K�H�� �&�R�[�¶�V�� �%�D�]�D�U���� �.�K�H�S�X�S�D�U�D���� �+�L�U�R�Q�� �S�R�L�Q�W���� �D�Q�G��

Diamond Harbor were assessed and found a positive increasing trend. The higher 

increasing trend was observed at Khepupara station of the study area. The results 

showed that the water level of the Khepupara station would raise to 1.35 m by the year 

2050. The EC level of the Andhermanik river increased 2.54 ds/m from 2000 to 2015 

and will be increased by 8.09 ds/cm by the year 2050.  

The water samples of the estuaries, rivers, and canals showed a higher salinity during 

the pre- and post-monsoon seasons. The results showed higher EC, TDS, and TSS 

values during the dry seasons. The major ions, including Na+, K+, Cl-, SO4
2-, and HCO3

- 

exceeded the permissible limit of the DoE, WHO, and FAO standards during the pre- 

and post-monsoon periods. The study observed the dominant water type during the pre- 

and post-monsoon periods was Na-Cl, whereas a mixed water type, Na-Cl-HCO3, was 

found in the monsoon period. 

iv 
 

The study evaluated the water quality for specific uses such as irrigation, domestic, and 

drinking purposes. The water quality of the estuaries, rivers, and canals was found to 

be poor to unfit for all purposes during the pre-monsoon season, furthermore, the water 

quality turned into good quality in the monsoon and post-monsoon seasons. The 

selected pond waters showed good quality for irrigation uses especially in the monsoon 

season, nevertheless, a few pond water showed poor quality during the pre and post-

monsoon seasons. The tube-well waters showed good quality except for the few water 

samples of the estuarine areas during the pre-monsoon season. However, all of the 

groundwater samples were found good quality during both the monsoon and post-

monsoon seasons.   

The study results illustrated that the humidity, rainfall, mean sea level, and EC of the 

coastal areas showed a positive correlation with temperature. It showed that the 

increased temperature remarkably influenced the seawater level and salinity in the 

coastal watershed. The study exhibited a good correlation with existing EC and WQI 

values, indicating that EC values have great influences on the water quality of the 

coastal areas. As the EC level of the coastal watersheds was increased from 2000 to 

2015. Hence, it is expected that it would severely affect the water quality in the areas 

by the three to four decades. The study recommends the appropriate adaptation and 

mitigation options to reduce further degradation of the coastal water quality as well as 

the entire coastal environment. 
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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 changes factors are including, the rise 

in global earth's temperature, rainfall patterns, mean sea level, catastrophic storms, and 

flooding that support the continuous climate change. The rising of global temperatures will 

bring changes in weather patterns though Bangladesh plays very little role in greenhouse 

gas emissions, leading to climate change and sea-level rise. Sea level rise contributing to 

saline intrusion or inundation of coastal freshwater resources is probably the most direct 

impact of climate change, particularly for shallow aquifers along with low-lying 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 information about future climate change and its 

impacts on water resources as well as water quality.    

Bangladesh is a low-lying deltaic land, flat topography, and gradually slopped down to the 

Bay of Bengal, enriched with huge coastal areas. The coastal areas of the country cover an 

area of 47,201 km2, which is about 32% of the total area that encompasses the landmass of 

19 districts (Ahmad, 2019). The coastal zone and offshore island in Bangladesh are very 

flat with the highest less than 3 m above the Mean Sea Level (Baten et al. 2015), unique 

physical characteristics, gifted with vast floodplain lands, overlapped with numerous 

estuaries, tidal rivers, creeks, and their tributaries. The river systems of coastal areas have 

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 decreases during the dry season, due to 

insufficient rainfall and human-induced 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 purpose use. 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, degree of chemical weathering of various rock types, 

recharge water, and upstream water flows (Albarède 2003; Mostafa et al. 2017).  

The southern part of Bangladesh under the coastal zone that receives the discharge of 

numerous rivers, including the Ganges-Brahmaputra-Meghna (GBM) river system, 

creating one of the largest deltaic floodplain ecosystems of the world. Coastal ecosystems 

have key inbuilt features or functions. The coastal ecosystems provide habitat to 

genetically, ecologically, and economically valuable biological organisms.  

Several climatologists have agreed that the gradual meteorological and hydrological 

changes can have far-reaching consequences on water quality as well as water resources. 

Again, global warming changes the precipitation patterns in response to climate change 

that significantly alters the surface water quality. Temperature-induced meteorological and 

hydrological changes would severely affect the coastal water ecosystem as the areas are 

located in low-lying areas. Due to the sea level rise, saline water would intrude into the 

inland surface as well as groundwater that depreciates the water quality. Again, insufficient 

and irregular rainfall, as well as heavy runoff from the upstream deposited to the lower 

coastal reservoir could seriously 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. Thus, 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) and lowering the flow 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 the surface and groundwater sources are contaminated with 

water quality problems (Rahman et al., 2013; Chowdhury et al., 2014; Minar et al. 2013). 

The problem becomes intensified due to some climate change associated hazards like the 

sea level rise, river-bank erosion, land accretion, diversion of river route, insufficient and 

irregular rainfall, cyclone, tidal surge, etc. Dasgupta et al. (2014) illustrated that over-

extraction of groundwater, upstream diversion of surface water, and shrimp farming, the 

coastal Ganges-Brahmaputra delta has been experiencing a relatively rapid measure in 

groundwater, river, and soil salinity. The study assumes 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 deep wells. The 

irrigation water supply is restricted to 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 sea-level rise are already affecting the coastal environments in many 

locations of Bangladesh. Especially, it has been affected the mid-central coastal region 

where a lot of hydro-morphological changes such as seashore and riverbank erosion, 

unusual siltation, and human migration are observed. Some researchers found that the sea 

shoreline is tremendously eroding and now it is more attacking phenomena than in the past 

few decades. Already about 1.5-2 kilometers of sea line have been eroded and the seawater 

invaded the coastal inland areas. Elevated rates of sea-level rise (up to 1 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 by rising sea 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 the local people to migrate from the invaded areas. 

Eventually, the migrated people go to the urban areas for shelters which create severe local 

socio-economic 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 comprehensive investigation 

of the hydro-meteorological changes, existing water quality. Finally, it assessed the 

climatic impacts on water quality in the coastal areas of Bangladesh. The study also 

considered some specific objectives, and those are as follows:  

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

rainfall in the study area. 

2. To assess the trend in hydrological factors, including sea-level rise and salinity 

intrusion in the area. 

3.  To characterize the surface and groundwater samples 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. The statement 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, 

develop 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 used in the analysis. 

Chapter-4: The detailed results of both the laboratory and secondary data analysis are 

interpreted and described in this chapter using several graphs, tables, charts, and figures. 

The chapter also describes the existing water quality which was measured 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 main results and findings of 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 air. The most recent reports of the 

Intergovernmental Panel on Climate Change (IPCC) confirmed the arrangement amongst 

the concerned scientists and policymakers that human-induced 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 sea-level rise occurred. During the last century, the global surface 

temperature was increased by 0.74oC in the period between 1906 and 2005 with a faster 

warming trend over the past 50 years (Verweij et al., 2010).  According to Leeuwen and 

Darriet (2016) depending on the scenario of greenhouse gas emissions, temperatures are 

predicted to increase by from 1 °C to 3.7 °C until the end of the century, compared to the 

reference period 1985�±2005 (IPCC, 2014). Observed change in the climate over recent 

decades has been linked with changes in the global hydrological cycle, including increased 

atmospheric water content and changing precipitation patterns (Watts et al. 2015). The 

studies of Arnell (2004); Alcamo et al. (2007) suggested that billions of people living in 

the water-stressed areas will be adversely affected by climate change. The projections of 

the climate model by Alcamo et al. (2007) showed that water stress of the total global river 

basin area increases over 62-75.8 % between 2007 and 2050, and that will significantly 

decline the surface and ground water quality.  

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 increases the surface temperature, which directly affects the 

rainfall, evaporation, storms, floods, droughts, sea-level, and other extreme events. The 

most popular concept stated that climate change is mainly attributed to anthropogenic 

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

Irby et al. (2018) global climate change is projected to alter the world's marine 

environments with coastal and estuarine systems bearing exacerbated impacts .A study 

showed that anthropogenic activities caused global warming by increasing the 

concentrations of carbon dioxide and other greenhouse gases (Houghton et al., 2001). 

A study of Rojas-Downing et al. (2017) stated that global 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 changing global 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 0.6oC (Mall et al. 2006). It also 

showed that the average global surface temperature projected to increase by 1.4-3oC from 

1990 to 2100 for low-emission scenarios, and 2.5-3oC for higher emission scenarios of 

greenhouse gases. Over the same period, the associated rise in global mean sea-level 

projected between 9 and 88 cm2. The Intergovernmental Panel on Climate Change (IPCC) 

declared that a climate model projected the global temperatures would increase by 1.5-4oC 

by 2100 (Jenkins et al. 2009). According to Alamdari et al.(2017) nearly 30% of the urban 

areas exhibited a significant increase in extreme precipitation which 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 have far-reaching 

consequences for river regimes, flow velocity, hydraulic characteristics, and connectivity 

across habitats (Brown et al., 2007). Global climate change is likely to have significant 

effects on the hydrological cycle (IPCC, 1999; Huntington, 2006). The hydrological cycle 

will be intensified, with more evaporation and precipitation, but the extra precipitation will 

be unequally distributed around the globe (Jun et al., 2010). About one-sixth of the world 
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people live in the river basin supplied by melting water from mountain ranges (Kundzewicz 

et al., 2008). Rosenzweig et al. (2007) stated that some climate change impacts on 

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

The study of Kundzewicz et al. (2008) stated that many of the present water-stressed semi-

arid and arid areas are likely to suffer from decreasing water resource availability due to 

climate change, as both the river flows and groundwater recharge decline. Murdoch et al. 

(2000) described that global warming will change the precipitation patterns, and the 

changes significantly alter the quality of 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 billion people by the 2050s. Climate change can have far-reaching consequences for 

water resources (Arnell, 2003) as well as water quality (Hejlar et al., 2003; Webb et al., 

2003; Whitehead et al., 2009). The results of some studies indicated that water quality can 

be directly affected through several climate-related mechanisms in both the short and long 

term (Park et al., 2009). A study was conducted on three lakes of Western Victoria, 

Australia over 15 years and found a strong relationship between climate change and water 

quality (Jun et al., 2010)  

The temperature must be viewed as the predominant factor affecting almost all the 

physicochemical equilibriums and biological reactions (Delpla et al., 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 temperature rises, so will 

rise river temperatures. Hassan 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 been a 1-3oC temperature 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. Increases in the water temperature 
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decrease the oxygen-holding 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 Intergovernmental 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). Kundzewicz et al. (2008) described that the flood frequency 

and its magnitude was projected to increase in the regions of increasing precipitation 

intensity. The study of Brunette et al. (2001) and Bates et al., (2008) claimed that in the 

temperate regions, climate change will decrease the number of rainy days but increase the 

average volume of each rainfall event. Bates et al. (2008) mentioned that an increase in 

precipitation at high latitudes and a decrease in precipitation at low latitudes are expected. 

Delpla et al. (2009) described that floods and droughts are the main 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 by Jun et al. (2010) stated that the extreme 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 substances. Again, the more intense 

rainfall and flood would increase loads of suspended solids (Lane et al., 2007). Arnell et 

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. Dissolved 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) (Prathumratana et al., 2008 and Van 

Vliet and Zwolsman, 2008). 
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2.4 Climate Change and Sea-Level Rise 

In recent times, scientists have given the highest attention about the global sea-level rise 

and its impacts on the hydrology, water resources as well as water quality. The experts 

described that the rising temperature melts the mass volume of ice of the Polar Regions. 

The augmented temperature also expanses of the ocean water, and increases the seawater 

level. Wigley and Raper (1987) reported that the global mean sea-level raised about 2-5 

cm during 1880-1985 due to the greenhouse-gas-induced thermal expansion. Mall et al. 

(2006) showed that the global mean sea-level 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 to 50 years. According to the IPCC report 2007, the global average sea-level 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 the sea-level is projected to rise between 1980 

�± 1999 and 2090 - 2099 by 35 cm in the A1B scenario (Mondal et al., 2013). The rise of 

sea-level will extremely affect the low-lying coastal regions. Nicholls et al. (1999) 

estimated that the sea-�O�H�Y�H�O���U�L�V�H���F�R�X�O�G���O�R�V�H���X�S���W�R�����������R�I���W�K�H���Z�R�U�O�G�¶�V���F�R�D�V�Wal wetlands by 

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 of sea-level by 2020, 2050 

and 2100 would affect about 2%, 4% and 17.5% of the total landmass 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, acidification, 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 change affect 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 (Mooij et al.,2009). Several climatologists have agreed that the gradual 

meteorological and hydrological changes can have far-reaching consequences in water 
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quality (Hejzlar et al., 2003; Webb et al., 2003) as well as water resources (Arnell, 2003). 

Again, Global warming changes the precipitation patterns in response to climate change 

that significantly alters the surface water quality (Murdoch et al., 2000; Kundzewicz et al., 

2008). Whitehead et al. (2009) described that some climate model scenarios provided the 

best available information for assessing future impacts of climate change on the water 

quality and ecology of surface water bodies. Battarbee et al. (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 one-quarter of the global population lives in coastal regions that have less than 10% 

of the global renewable water supply and are undergoing rapid growth. Salinity intrusion 

is due to the excessive water withdrawal is expected to reduce the freshwater availability 

(Kundzewicz et al., 2007). Minar et. al., 2013 described that man-made global climate 

change and associated sea-level rise can have a major adverse penalty for the 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 the chloride 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 of rivers connected to the sea and 

groundwater in the low lying area. According to Van Dijk et al. (2009), saltwater intrusion 

greatly influences the groundwater close to the coastal, particularly in polder areas. The 

study also specified that the coastal freshwater aquifers are the most vulnerable to 

salinization by the advance of seawater intrusion (Verweij et al., 2010). The working group 

II contribution to the 4th assessment report (IPCC report, 2007) illustrated that heavily-

populated mega-delta regions in the 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 receives the discharge of 

numerous rivers, including the Ganges-Brahmaputra-Meghna (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 above the Mean Sea-

Level (MSL). The country has sub-tropical monsoon, one of the most vulnerable countries 

to climate change in the world and will become more susceptible in the future (Islam et al., 

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

and livelihood of people in the coastal areas and in the arid and semi-arid region of 

Bangladesh (Rahman et al., 2015).  

The humid and subtropical countries like Bangladesh would be more exposed to the 

impending impacts of global warming. Mondal et al. (2013) stated in a study that cyclone, 

storm surge induced flooding, coastal flooding, water-logging, salinity intrusion, and 

coastal erosion are considered as the predominant climatic and hydrologic event of coastal 

Bangladesh. The study also stated that about a 1-meter rise of sea-level would submerge 

about 18% of the total land area of Bangladesh. Cruz et al. (2007) illustrated that most of 

the Global Circulation Models (GCM) considered in the IPCC 2007 report. The study 

predicted that a slight increase (<10%) of rainfall would increase by 2040 over most of the 

Ganges-Brahmaputra-Meghna catchment area of Bangladesh. Hu et al. (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 the sub-tropical region. 

Brammer (2014) described that the combined effects of changes in temperature, rainfall, 

flood, cyclone frequency, and sea-level rise rice production could reduce about 1.5-3.5 and 

5.5% during the monsoon and dry season, respectively in Bangladesh. Bangladesh is 

exposed to several climate change-induced primary and secondary hazards including 

�W�H�P�S�H�U�D�W�X�U�H�� �D�Q�G�� �U�D�L�Q�I�D�O�O�� �Y�D�U�L�D�W�L�R�Q�V���� �G�U�R�X�J�K�W�V���� �F�\�F�O�R�Q�H�� �D�Q�G�� �V�W�R�U�P�� �V�X�U�J�H�V���� �À�R�R�G�V, saline 

intrusion and rises of the sea-level. Bangladesh has been marked as the third most 

vulnerable country in the world in terms of the number of people affected by sea-level rise. 

Pender et al. (2008) described that about 33 million people of Bangladesh would be 
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affected adversely by 2050 due to sea-level rise. Gore and Houghton (2009) also described 

that Bangladesh would be overwhelmed line by line as the sea-level rises with global 

warming, and millions of people would be displaced as the sea encroached. 

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 

climate change and the huge population in coastal areas is at risk of displacement due to 

sea-level rise. The study reviewed several related research works performed mainly 

directing on global and local climate change, their impacts on hydrology, as well as the 

impacts of salinity on agriculture, fisheries, land uses, crop production, etc. However, there 

is a research gap in finding climate change impacts on coastal water resources and water 

quality in particularly in Bangladesh. Therefore, the study considered to conduct a detailed 

investigation to understand climate change impacts on water quality in the coastal areas of 

Bangladesh.      
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CHAPTER - 3 

MATERIALS AND METHODS  

 

 

The study aimed to assess the impacts of climate change on water quality in the selected 

coastal areas of Bangladesh. The study collected some secondary meteorological (e.g. 

temperature, humidity, and rainfall) and hydrological (e.g. mean sea level, salinity, etc.) 

data of Kalapara station of previous few decades. At the same time, it collected some water 

samples from the selected estuaries, rivers, canals, ponds, and tube-wells were analyzed 

within the research period. The analyses were performed using several scientific methods 

such as gravimetric, micro and semi-micro analytical procedures. Modern scientific 

instruments 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 the existing 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, preservation, analyses, and quality indexing are thoroughly discussed. 

3.1 Study Area  

The study selected Kalapara Upazila under Patuakhali district situated in the mid-south 

central coastal areas of Bangladesh.   The area located in between 21°48' and 22°05' north 

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 Golacipa Upazila 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 Ion (Mg2+)  

(a) Standard Solution Preparation 

To prepare the standard solution, A exactly 1.650g of analytical pure 99% MgO was taken 

in a 100 mL Volumetric flask and made up to the mark with distilled water with continuous 

shaking.  

(b) Suppressing Agent 

 Suppressing agent of 1% solution was made by taking 1 g of LaCl3 and 1.50 mL1M HCl 

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 1-2 drops of 0.1% lanthanum solution were used for standard and 

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 water. The absorbance of 

standard samples was determined by AAS in the wavelength of 285.20 nm with 0.7 nm silt 

to make the standard curve. 

(ii) Absorbance of Samples 

 Following the same procedure, the absorbance of collected samples was determined. 

(iii) Calculation  

The absorbance of the samples and standard solution were determined in the wavelength 

of 285.20 nm with 0.7 nm silt. By using the absorbance, the concentration of samples was 

determined directly from the standard curve. 

 

 

 



25 | P a g e 
 

3. 5.4.5 Manganese (Mn)  

(a) Standard Solution Preparation 

Exact 3.070 g of analytical pure 99% MnSO4.10H2O was taken in a 1000 mL Volumetric 

flask and made up to the mark with distilled water.  

(b) Suppressing Agent 

 About 2 g CaCO3 and 3 mL 1M HCl 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% CaCO3 

solution was taken and diluted with 100 mL distilled water. Then, 1-2 drops of 0.2% 

solution were used in standard and samples.  

c) Procedure 

(i) Standard Curve 

 The proportion of 1, 3. and 5 mL standard solutions were taken in different 1000 mL 

volumetric flask and made up to the mark with distilled water. The absorbance of standard 

samples was determined by AAS in the wavelength of 279.48 nm with 0.7 nm silt to make 

a standard curve. 

(ii) Absorbance of Sample 

 Following the same procedure, the absorbance of collected water samples was taken. 

(iii) Calculation  

 The absorbance of samples and standard solution were taken at the wavelength of 279.48 

nm with 0.7 nm silt. By using the absorbance, the concentration of samples was calculated 

from the standard curve.   

 

 

 



26 | P a g e 
 

3. 5.4.6 Iron (Fe)  

(a) Standard Solution Preparation 

Exact 4.980 g analytical pure 99% FeSO4.7H2O was taken in a 1000 mL volumetric flask 

and made 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 different 1000 mL 

volumetric flask and made up to the mark with distilled water. The absorbance of standard 

samples was determined by AAS in the wavelength of 248.3 nm with 0.7 nm silt to make 

a standard curve. 

(ii) Absorbance of Sample 

 Following the same procedure, the absorbance of collected samples was taken. 

(iii) 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 Preparation 

 Exact 3.930 g of analytical pure 99% CuSO4.5H2O was taken in a 1000 mL volumetric 

flask and made 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 different 1000 mL 

volumetric flask and made up to the mark with distilled water. The absorbance of standard 
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samples was determined by AAS in the wavelength of 324.75 nm with 0.7 nm silt to make 

a standard curve. 

(ii) Absorbance of Sample 

Following the same procedure, the absorbance of collected water samples was taken. 

(iii) 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 from the standard curve.   

 

3. 5.4.8 Zinc (Zn)  

(a) Standard Solution Preparation  

Exact 4.98 g analytical pure 99% ZnSO4.7H2O 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 and made up to the mark with distilled water. The absorbance of standard 

samples was determined by AAS in the wavelength of 213.86 nm with 0.7 nm silt to make 

a standard curve. 

(ii) Absorbance of Sample 

Following the same procedure the absorbance of collected water samples was taken. 
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(iii) 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% As2O3 was taken in a 1000 volumetric flask and 

made up to the mark with distilled water. 

(b) Procedure 

(i) Standard Curve 

The proportion of 4, 12, and 20 mL standard solution were taken in different 1000 mL 

volumetric flask and made up to the mark with distilled water. The absorbance of standard 

samples was determined by AAS in the wavelength of 193.70 nm with 0.7 nm silt to make 

a standard curve. 

(ii) Absorbance of Sample 

Following the same procedure the absorbance of collected water samples was taken. 

(iii) 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 Solution Preparation 

Exact 1.6 g analytical pure 99% Pb(NO3)2 was taken in a 1000 volumetric flask and made 

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 1000 mL 

volumetric flask and made up to the mark with distilled water. The absorbance of standard 

samples was determined by AAS at a wavelength of 283.31 nm with 0.7 nm silt to make a 

standard curve. 

(ii) Absorbance of Sample 

 Following the same procedure, the absorbance of collected samples was taken. 

(iii) Calculation  

The absorbance of the samples and standard solution was taken at a wavelength of 283.31 

nm with 0.7 nm silt. By using the absorbance, the concentration of samples was calculated.    
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3.5.5.2 Nitrate �:�ü�ý
Ü
�?�;��Ion  

The nitrate ion���:�� �� �7
�?�;��in water sample was determined using ultraviolet (UV) 

Spectrophotometric method. 

(a) Stock Nitrate Solution 

 Analytical grade Potassium nitrate (���� �� �7�; was dried in the oven at 105 o C for 24 hours. 

Exactly 0.7218 g ���� �� �7 was weighted transferred to 100 volumetric flask and made up to 

the mark with distilled water. (Here, 1 mL solution = 1000 ppm �� �� �7
�?���� �;.The solution was 

preserved with a 2 mL CHCl3   solution.   

(b) Intermediate Nitrate Solution 

10 mL stock solution was taken in a 100 mL volumetric flask and made up to the mark 

with distilled water. (Here, 1 mL solution = 100 ppm������ �7
�?���� �;. The solution was preserved 

with a 2 mL CHCl3 solution.  

(c) 1 N Hydrochloric Acid (HCl) Solution 

83 mL of concentrated HCl was measured 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 HCl solution was mixed thoroughly in 50 mL sample and then filtered.    

(ii) Standard Curve 

The proportion of 0.50, 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 absorbance against the concentration.  
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(iii) 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 interference 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 standard. By using the absorbance, the concentration of samples was calculated 

from the standard curve. 

3.5.5.3 Sulfate Ion �:���ý
Ý

Û�?�; 

The sulfate ion �:���� �8
�6�?�;��in water sample was determined using Ultraviolet (UV) 

Spectrophotometric method. 

 (a) Buffer Solution 

 Exactly 30 mg of�����‰���Ž�6�ä�x�� �6�� , 5 g sodium acetate �:���� �7���������ƒ �ä�u�� �6�� �;�á�r�ä�s�s�s���‰�� sodium 

sulfate �:���ƒ�6���� �8�; and 20 mL acetic acid (���� �7�������� �; 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  

About 20-30 mesh ���ƒ���Ž�6 crystal was used to make uniform turbidity. 

(c) Standard Sulfate Solution 

 Exact 0.1479 g anhydrous ���ƒ�6���� �8 was 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 �J�‰ ���� �8
�6�?�����; 
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(d) Procedure  

(i) Sample Turbidity Formation  

 A 10 mL water sample was taken in a 250 mL Erlenmeyer flask and 4 mL buffer solution 

was added. At the time of shaking a spoonful of�����ƒ���Ž�6 crystal was added and the solution 

was shaken for 2-3 minutes.  

 (ii) Standard Curve 

The proportion of 5, 10, 20, and 40 ml intermediate 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.  

 (iii) Spectrophotometric Measurement 

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

420 nm was used to obtain ���� �8
�6�?ion absorbance against concentration.  

 (iv) Absorbance of Sample 

 Following the same procedure, the absorbance of collected samples was taken. 

(v) Calculation 

 The absorbance of samples and standard solution were taken at the wavelength of 420 nm. 

By using the absorbance, the concentrations of samples was obtained directly from the 

standard curve. 
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Table 3.5 Restrictions to water use classes 

WQI Water use restriction  Recommendation for plants 

�����”�������� No restriction (NR) No toxicity risk for most plants 

�����”������ Low restriction (LR) Avoid salt sensitive plants 

�����”������ Moderate restriction (MR) Plants with moderate tolerance to salts 

�����”������ High restriction (HR) plants with moderate to high tolerance to salts 

���”������ Severe restriction (NR) plants with high salt tolerance 

 

3.7 Secondary Data Collection  

(i) Meteorological Data Collection  

Secondary meteorological such as Temperature, Humidity and rainfall data of Kalapara 

station from 1975 to 2015 was collected from Bangladesh Meteorological Department 

(BMD).   

(ii) Hydrological Data Collection  

The hydrological such as sea water level of some tide gauge stations and salinity data of 

the previous few decades were taken from the Permanent Service of Mean Sea Level 

(PSMSL), Soil Resource Development Institute, and Bangladesh Water Development 

Board (BWDB).   

3.8 Data Analysis   

�7�K�H���H�[�S�H�U�L�P�H�Q�W�D�O���D�Q�G���F�R�O�O�H�F�W�H�G���V�H�F�R�Q�G�D�U�\���G�D�W�D���Z�H�U�H���D�Q�D�O�\�]�H�G���X�V�L�Q�J���Y�D�U�L�R�X�V���V�R�I�W�Z�D�U�H�¶�V���D�Q�G��

the results were plotted in applicable figures, tables, diagrams and water quality indices.   

3.9 Research Lab 

The collected water samples were analyzed for various parameters in different laboratories 

including, the Central Science lab of the University of Rajshahi, Water Research Lab of 

the Institute of Environmental Science, University of Rajshahi, Bangladesh Chemical, 

Scientific and Industrial Research Lab, Soil Resource Development Institute lab of 

Rajshahi. 

 

 






































































































































































































































