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Abstract 

Climate change and sea level rise will continue to exacerbate existing freshwater 

salinization and affect large populations in many low-lying countries of the 

world including in Bangladesh. While ample evidence, mainly based on food 

consumption, indicates high salt intake causes significant health problems (e.g. 

elevated blood pressure (BP), hypertension and cardiovascular diseases), the 

evidence for health effects of consuming highly saline water is limited. In coastal 

Bangladesh, with over 35 million inhabitants, projected climate change points 

toward further intensification of the exposure to high salinity in water and 

presents significant threats to population’s health. Furthermore, in order to 

better understand potential health risks and assist in developing future 

response options, data about the water supply situation and consumption is 

imperative. Such data are scarce.  

 

This research aimed firstly to examine the salt (sodium) exposure, and the 

association between high drinking water salinity and blood pressure (BP) in 

young adults in coastal Bangladesh. There is currently limited data available 

about BP on healthy young adults in Bangladesh, particularly from salinity 

affected coastal areas. Second, this research investigated existing water supply 

and water consumption in order to explore appropriate adaptation 

opportunities for actions and strategies. 

 

This research used mixed methods in order to assess the salt exposure, 

relationships between salinity and blood pressure, and explore communities’ 

water consumption. For quantitative assessments a cross-sectional study was 

conducted during May-June 2014 in Koyra, a rural coastal sub-district, in 

southwestern coastal Bangladesh. Sodium level for spot urine samples from 

young adults (n=282) aged 19-25 years and their drinking water samples were 

analyzed. Blood pressure was recorded and socio-demographic, dietary and 

water use data were also collected. Qualitative research included 29 in-depth 

interviews (IDI) and 3 focus group discussions (FGD) that explored water 

supply and consumption related behaviours. The significant factors associated 

with high sodium consumption were determined from logistic regression 

analyses. A linear regression method was used to examine the association 
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between water salinity exposure categories and systolic (SBP) and diastolic BP 

(DBP) level. For qualitative data thematic analyses were used.  

 

The quantitative study found that fifty three percent of subjects were consuming 

sodium at levels above the WHO recommended level of ≥2g/day. Mean sodium 

content in tube well water (885mg/L) was significantly higher than pond water 

(738 mg/L) (p=0.01). Sixty five percent of the study population was exposed to 

high salinity from their drinking water above the Bangladesh standard (600mg 

and above). The users of tube well water were more likely to consume sodium 

above recommended level than pond water users (AOR 2.43, 95%CI 1.38-4.30). 

Multivariable linear regression analyses identified that compared to the low 

water salinity exposure category (< 600mg/L), those in the high water salinity 

category (> 600mg/L), had statistically significantly higher SBP (B 3.35, 95% CI 

0.66, 6.05; p=0.015) and DBP (B 2.85, 95% CI 0.40, 5.30; p=0.023).  

 

IDI and FGD revealed that availability of water for drinking and cooking is a 

serious problem in this coastal community, more particularly, during the dry 

season and the use of surface water was still predominant.  Choices for drinking 

water were found to be less driven by concerns for health problems rather 

practical issues such as travel distance, time for collection and taste came out as 

important influencing factors. Palatability of water was an important 

determinant for choosing water for drinking and other domestic works. 

However perception about ‘salty’ taste of saline water and understandings about 

related health problems including high blood pressure were low. 

 

This research has demonstrated that elevated salinity in drinking water is 

associated with elevated BP in young coastal populations. It is vital to reduce 

their health risk by changing drinking water consumption at the community 

level. To this end, the study found that choices for drinking water in the 

community are driven by beliefs and practices regarding safe water uses and 

alternative safe water options. Given the extent of salinization of freshwater in 

many low-lying countries such as the case of Bangladesh, and the likely 

exacerbation related to climate change-induced sea level rise, implementation of 

adaptation strategies through water supply and dietary interventions along with 
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promotion of low saline drinking water addressing community beliefs and 

practices must be a priority in these settings. 
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Chapter 1- Introduction 

1.1 Introduction 
 

There is strong scientific consensus that climate change (CC) is happening and 

its impacts are already being felt around the world. Water is one of the primary 

mediums for climate change impacts on humans and the environment. 

Changing water quality due to salinization of freshwater resources associated 

with CC and sea level rise (SLR) is a serious threat to livelihoods and health of 

large populations in low-lying countries, more particularly in Asian deltas. The 

projected scenarios for CC and SLR also indicate that both the extent and 

intensity of water salinity will escalate leading to increasing exposure for large 

populations in affected countries. This is particularly the case for low-lying 

developing countries, such as Bangladesh, where water from natural sources is 

consumed directly with limited treatment. Despite the widespread problem, 

data on health effects of water salinity is scarce. 

 

One important health effect related to dietary salt consumption and hence 

logically also related to water salinity is high blood pressure (BP), however 

epidemiological research examining the effect of drinking water sodium 

(salinity) on blood pressure is limited. Previous research examining such 

relationships were mainly conducted in children, almost all of them were from 

developed country settings, and findings were conflicting. Some research in 

coastal Bangladesh indicates a positive relationship between drinking water 

salinity and high blood pressure in pregnant mothers. However data about salt 

consumption and BP in other populations and age groups in salinity affected 

areas including Bangladesh is lacking. The coastal areas of Bangladesh are 

recognized as one of the most exposed and vulnerable areas to loss and damage 

from CC and SLR. Further, despite significant exposure to sodium in drinking 

water in coastal Bangladesh little is known about water supply, consumption 

behaviours and perceptions about safe water following salinization of water 

resources.  
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Thus this research aims to generate relevant evidence on the effect of high saline 

(salt) drinking water on salt consumption and BP of population in coastal 

Bangladesh. Young adults (19-25 years) are chosen as the study population 

given the more limited influence of the usual risk factors for elevated BP in this 

age group and limited data about BP on healthy young adults in Bangladesh, 

particularly from salinity affected coastal areas. In order to assist with improved 

health risk assessment and to promote appropriate adaptation strategies 

existing water supply and water consumption in the affected community will be 

explored. 

 

This chapter provides an overview of my research focusing on water salinity and 

health risks in the context of climate change and sea level rise. It will present the 

background, rationale, purpose and methodology for the research. It will also 

explain the structure of this thesis. 

1.2 Background 

 

The evidence for climate change is now strong and indicates that human 

activities are the key drivers for increased greenhouse gas emissions and 

warming of temperatures resulting in changing global climate processes (IPCC, 

2013). Rising global average air and ocean temperatures, widespread melting of 

snow and ice, and rising global mean sea level- all indicate warming of global 

temperatures (IPCC, 2013). The oceans have absorbed the bulk (90% or more) 

of this elevated temperature leading to a rise in ocean temperatures. 

Concurrently land surface temperatures have also risen. Temperatures in each 

of the last three decades were successively higher than preceding decades since 

1850 (Watts et al., 2015) and 2015 was the hottest year on record (WMO, 2015). 

Between 1850 and 2012 there was a 0.85oC increase in global (both land and 

ocean) average temperatures. An accelerated rate of sea ice and ice sheet loss 

has been observed and sea levels are rising rapidly. Further, the available data 

for future warming indicates that climate change will continue to affect natural 

systems and human wellbeing for many years, even if strong mitigation of 

greenhouse gases occurs now. 
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Climate change effects are already being experienced and future projections 

point to an unacceptably high and potentially catastrophic risk to human health 

(Watts et al., 2015). Changing climate conditions that include increased heat 

stress, floods, drought, and increased frequency of intense storms will cause 

direct adverse health effects. While air pollution, changes in distribution of 

disease vectors, food insecurity and under-nutrition, displacement, and mental 

ill health will cause indirect health effects (Smith et al., 2014). Recent WHO 

estimates indicate that between 2030 and 2050 there will be an additional 

250,000 potential deaths per year. However this is more likely an 

underestimate of total deaths as important causes of deaths such as economic 

loss, heatwaves, flooding, water scarcity, or the impacts of climate change on 

human security and conflict, are not considered in this burden of disease 

estimate (WHO, 2014). Water is one of the major mediums through which 

climate change poses a major threat to humans and the environment (WWAP, 

2009).  

 

The effects of CC on the components of the hydrological system include 

changing precipitation patterns; increasing evapotranspiration; melting of ice 

and glaciers; changes in soil moisture and water content; and variable surface 

runoff (Green et al., 2011). Despite some uncertainty with modeling of future 

climate projections (Calow et al., 2011) some future trends are predicted with 

more certainty – for example, a decline in the freshwater supply due to climate 

change in South Asia and most of the Africa region (Ranjan et al., 2009). 

Greater variability in rainfall also affects water supplies, which will lead to an 

increased demand and require more investment for water storage or more 

dependence on natural groundwater. As a consequence, existing technologies, 

for example, rainwater harvesting may become less effective as they are more 

vulnerable to extended dry periods (Hunter et al., 2010). The impacts of climate 

change on freshwater resources will contribute to wide-ranging social and 

environmental consequences (Batchelor et al., 2011).  

 

Climate related changes affect water quantity and different aspects of water 

quality through multiple pathways. Heavy and frequent rainfall events can 

cause frequent contamination of surface water sources, for example shallow 

wells, rivers and ponds, and increased load of contaminants in shallow ground 
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waters resulting in inefficient water and waste water treatment, and sewer 

systems (Funari, Manganelli, Sinisi, 2012) and increased exposure to pathogens 

in those areas where no treatment exists. Damage to the water supply systems 

as a result of extreme climate events like storms and flood may force use from 

unimproved water sources resulting in outbreaks of water-borne diseases 

(Hunter at el., 2010). In contrast reduced water flows and warmer water reduce 

dilution of contaminants and oxygen saturation in water, which facilitate 

microbiological activity. Warmer temperatures also lead to expansion of oceans 

and melting of snow and ice sheets, which then lead to sea level rise. Climate-

induced sea level rise and changing groundwater recharge will accelerate 

saltwater intrusion in coastal aquifers leading to a reduction of quality and 

amount of freshwater resources available (Mimura, 2013).  

 

Climate change and SLR poses a serious threat to highly populated coastal areas 

in many countries including South, Southeast, and East Asia (Dasgupta et al., 

2009; Nicholls & Cazenave, 2010). More than 200 million people worldwide 

live within 5 meters above sea level along the coast; a figure which will grow 

significantly in the future (WOR, 2010). By the end of this century, SLR for the 

South Asia region is predicted to be above the global average (World Bank, 

2013). Bangladesh is recognized as the most affected country in South Asia from 

CC and SLR (World Bank, 2013). Available evidence suggests that by the end of 

this century average sea level in Bangladesh will rise between 88 and 125cm 

(Nishat & Mukherjee, 2013b; Sarwar, 2013; World Bank, 2013). The impacts of 

sea-level rise include: 1) aggravated inundation, flooding and storm surge effects 

in low-lying coastal areas, 2) increased coastal erosion, 3) eff ects on coastal 

ecosystems such as salt marsh, mangroves and coral reefs, 4) salt water 

intrusion into surface and ground waters and 5) changes in sediment deposition 

along river channels (Mimura, 2013; Nicholls, 2010).  

 

Saltwater intrusion has been widely recognized as a major impact of SLR on 

coastal water resources (Mimura, 2013; Ranjan, Kazama, & Sawamoto, 2006). 

Water resources in all the eleven Asian mega-deltas and other large deltas such 

as the Nile and Mississippi are vulnerable to saline intrusion, therefore posing 

significant threat to a large proportion of the population who are exposed to 

declining quality and quantity of freshwater (Khan, Xun, Ahsan, & Vineis, 2011). 
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For example in Bangladesh approximately 20 million people living along the 

coast are currently affected by varying levels of salinity depending on their 

drinking water sources (Khan et al., 2011). This figure is expected to increase as 

saline water moves further inland with decreasing river flow during the dry 

season and sea level change (Dasgupta et al., 2014).  

 

Despite the widespread problem of water salinity and the increasing population 

affected, evidence of human health effects of higher water salinity is limited 

(Vineis et al., 2011). Reported health problems that are linked with water 

salinity in the research literature include hypertension and pre-eclampsia (Khan 

et al., 2011), skin diseases, acute respiratory infection and diarrhoeal diseases 

(CLACC, 2008), and transmission of mosquito-borne diseases (Ramasamy & 

Surendran, 2012). Other than direct ingestion, people may also be exposed 

indirectly through cooking, bathing and their occupation (e.g. shrimp farming 

in Bangladesh) (Vineis et al., 2011). 

 

Review of epidemiological studies suggests a positive effect of water sodium on 

human blood pressure, at least for young infants and children. However the 

evidence is fraught with several methodological problems such as the observer 

not blinded to the exposure, inaccurate exposure measurement and not 

controlling for potential confounding factors (Willet, 1981, Folsom, 1982). 

Furthermore a number of cross-sectional studies conducted in children did not 

reveal any relationship between drinking water sodium and systolic and 

diastolic blood pressures. Very few studies have examined the relationship 

between drinking water salinity (sodium) with blood pressure in adults. 

Moreover there is a dearth of evidence from a developing country context.  

 

Current recommendations for prevention of hypertension emphasizes reducing 

salt intake from diet only and a health based target for water sodium level is yet 

to be established. Dietary interventions focusing on reducing salt consumption 

from food only may not be appropriate for the population who are already 

exposed to high level of sodium from water. Given the extent of the problems of 

water salinity globally, further research is urgently required to determine 

potential risk of water salinity on increasing blood pressure, and therefore to 

promote appropriate prevention strategies. 



 7 

 

Thus the purpose of this research study is to examine the potential health risks 

of water salinity and specifically on blood pressure in the vulnerable coastal 

areas of Bangladesh. The study will determine the exposure level of salt 

(sodium) in people living in coastal areas of Bangladesh, and whether this has 

any risk on blood pressure in the study population. The research will also 

explore the community perceptions towards safe water as a result of changing 

water quality and quantity due to water salinity. The research question and 

focus questions are based on a critical review of the literature focusing on water 

salinization in the context of climate change and sea level rise; water salinity 

and health risks; and water supply in coastal areas of Bangladesh that support 

this background information. The research uses a mixed methods approach to 

answer the specific focus questions. Specifically a quantitative approach is 

applied to measure the level of sodium exposure and to determine the effect on 

blood pressure. A qualitative approach was undertaken mainly to explore water 

consumption pattern ad community perceptions about safe water. The evidence 

provided by this research will be able to contribute to the current knowledge on 

the relationship between water sodium and blood pressure and therefore assist 

in advocating for relevant adaptation strategies for prevention. 

 

This thesis is divided into two parts. Part I includes the introduction and 

background information based on literature review in three chapters. Part 2 

comprises chapters on research methodology, findings, discussion and 

recommendations, and conclusion. Some overlaps between the issues and 

themes in the background; for example the context of climate change, water and 

health, are recognized and discussed in the most relevant section (such as 

saltwater intrusion and water salinity have been discussed in Chapters 2 and 3 

while Chapter 3 focuses more on water salinity and health risks). Bangladesh 

has also been brought into context across the literature review chapters as 

deemed necessary to strengthen study setting understanding and implication 

analysis. 
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Rationale for this research 

 

In low-lying coastal areas including Bangladesh saltwater contamination of 

freshwater resources due to climate-induced sea level rise is a significant 

environmental problem and is affecting drinking water quality. Scientific 

evidence on the risk of increased water salinity on blood pressure, a key health 

biomarker for other chronic diseases such as cardiovascular and kidney 

diseases, is yet to be confirmed. Possible adaptation strategies to reduce health 

risk include dietary modification and provision of safe water. However current 

WHO recommendations for reducing salt intake are based on food only, which 

is likely to be inadequate for the population who already exposed to higher 

water salinity. At present no health based target for water salinity level is 

available. Therefore information gaps in the current recommendations for salt 

reduction for reducing health risks need to be addressed. A majority of the 

people in coastal areas depends on natural water sources, which are already 

contaminated with high salinity for their daily activities and uptake of safe water 

options is still not satisfactory. Current knowledge on water consumption and 

perceptions of the community towards water salinity in coastal Bangladesh is 

lacking. A more in-depth assessment of drinking water choices for coastal 

Bangladesh is essential to promote safe water supply in the community. 

 

1.3 Conclusion 

This chapter introduced the research topic briefly with a background, research 

aims and methodology and rationale. The background section briefly described 

climate change and sea level rise, water salinization and health risks. The 

chapter also presented the structure of this thesis. The next chapter begins with 

a critical literature review on water salinization in the context of climate change 

and sea level rise as background for this research.   
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 Chapter 2 - Water salinization and sea level rise in 

the context of climate change  

 

2.1 Introduction 
 

The evidence of climate change is clear and indicates that human activities are a 

key driving force. The resulting changes in surface and ocean temperatures, 

melting of ice and glaciers, and rising sea levels have significant impacts on 

human environments and wellbeing. The Lancet commission for climate change 

indicates climate change as the biggest global health threat of the 21st century. 

The direct health effects of climate change include increased mortality and 

morbidity from increased heat stress, floods and drought while changes in water 

quality, air pollution, food insecurity, distribution of vectors and displacement 

will cause adverse health effects indirectly. The future projections for climate 

change also represent an unacceptably high and potentially catastrophic risk to 

human health. 

   

This chapter briefly describes climate change and its spectrum of impacts, 

specifically focusing on the impacts on the hydrological system and water 

resources both globally and in Bangladesh. It also examines trends and 

potential impacts of sea level rise with a focus on saltwater intrusion in order to 

provide context for this research. 

2.2 An overview of climate change science 

 

Climate change refers to statistically significant and persistent variation in the 

mean state of climate or its variability in terms of temperature, rainfall and 

wind over an extended period (usually decades or longer) (IPCC, 2014). There is 

now strong evidence that human activities are accelerating the recent climate 

changes. Greenhouse gases (e.g. CO2, CH4) are released into the atmosphere by 

burning fossil fuels, clearing forests, cement manufacture, and by many other 

industrial and agricultural activities, resulting in growth in the amount of 

radiation trapped near the Earth’s surface (Cleugh et al., 2011). As shown in 

Figure 2.1, since the preindustrial era (1750) all three major greenhouse gases 
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(carbon dioxide, methane and nitrous oxide) have increased rapidly in the 

atmosphere and recent data also indicates further growth in their 

concentrations (Ciais et al. 2013) Thus human activities are driving accelerated 

warming and as a consequence, global climate processes are changing (IPCC, 

2013, Cleugh et al., 2011).  

 

Figure 2.1: Carbon dioxide in ppm (green), methane in ppb (yellow) and nitrous 
oxide in ppb (orange) concentrations over the past 1,000 years  
Source: Ciais et al. (2013)  

 

Evidence of global warming has increasingly become more certain and observed 

- from rising global average air and ocean temperatures, widespread melting of 

snow and ice, and rising global mean sea level (IPCC, 2013). Since the late 19th 

century, global mean surface temperature (GMST) has increased. Temperature 

at the earth’s surface was successively higher in each of the past three decades 

than any of the previous decades in the instrumental record, and the decade of 

the 2000s has been the warmest (IPCC, 2013). 2011-15 was the warmest five-

year period and 2015 was the warmest year on record. The average temperature 

record of 2015 was 0.76°C (+/- 0.09°C) above the 1961-90 average and 

exceeded the average of 0.61°C for 2014 (WMO, 2015). Global ocean 
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temperatures were also at record levels in recent years and for 2014 were the 

highest on record for a calendar year (WMO, 2015). Warming, both on land and 

in the ocean, differs around the world. For the 2011-15 period, temperatures 

over most of Europe, the Asian part of the Russian Federation, over much of the 

Saharan and Arabian region, the southwest United States and northwest 

Mexico, and the interior of Brazil were more than 1°C above the 1961-90 average 

(WMO, 2015). During the same period, temperatures locally on the Russian 

Arctic coast were reported to be 3°C above average (WMO, 2015).  

 

This continuation of global warming in the 21st century has been observed 

consistently across the climate models (IPCC, 2013). Projected changes in global 

average temperature for various representative concentration pathways (RCPs) 

during the 21st century indicate widespread warming while some parts of the 

world are projected to observe larger temperatures than the global average 

(Figure 2.2). By the 21st century global average temperatures are expected to rise 

in the range of 0.30C to 4.80C and to continue for the next centuries (IPCC, 

2013). Land-based air temperatures are anticipated to warm more rapidly than 

ocean.  
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Figure 2.2: Projected changes in global average temperatures using different 
emission pathway scenarios compared to the 1986–2005 base period.  

Note:  1.Two different time periods (2046–2065 and 2081–2100) are presented 

in columns and four emission pathways (RCP2.6, 4.5, 6.0 and 8.5) are 

presented in rows.  

2. The emission pathways i.e. representative concentration pathways (RCP) are 

based on IPCC’s Fifth Assessment Report (AR5): RCP2.6 is a very low emission 

pathway, RCP4.5 is a medium emission pathway, RCP6.0 is a medium-high 

emission pathway, and RCP8.5 is the high emission pathway  

Source: modified from Collins et al., (2013). 

 

Another important indicator and impact of global warming is sea level rise. Two 

main causes for sea level rise at the global scale are expansion of water 

associated with warm temperatures and melting of land ice (Mimura, 2013).  
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There is high confidence that the rate of sea level rise since 1950 has been larger 

than the mean rate during the previous two millennia. From 1901 to 2010, 

global mean sea level rose by 19 cm (IPCC, 2013).  Global mean sea level will 

continue to rise during the 21st century. Under low and high emission scenarios 

for RCPs, the rate of sea level rise for 2081-2100 relative to 1986-2005 will be in 

the range of 26-82cm (IPCC, 2013). Further discussion on sea level rise and its 

impacts are provided in Section 2.3.1.  

 

Rising carbon dioxide concentration results in increased acidification as it 

dissolves in the ocean (EPA, 2016). Since preindustrial times a substantial 

increase in ocean acidity has been observed and it is projected that 40C or more 

warming by 2100 would lead to an increase of about 150% in acidity of the 

ocean. Changes in ocean pH along with water temperatures and intensity and 

frequency of tropical cyclones are particularly damaging to coral reefs (IPCC, 

2014). Reefs are not only protective of coastal floods, storm surges, and wave 

damage but also act as nursery grounds and habitat for many fish species 

(Porter et al., 2014). The resulting changes could have profound consequences 

for their dependent species and for the people who depend on them for food, 

income, tourism, and shoreline protection.  

 

Moreover rising temperature has a direct influence on precipitation, therefore 

on the hydrological cycle (detailed in section 2.4) (Trenberth, 2011, IPCC, 2013). 

Warmer temperature increases water-holding capacity leading to more water 

vapor in the atmosphere. This results in changes in precipitation patterns and 

frequency and intensity of extreme events either in the form of storms, cyclones 

or flooding (Trenberth, 2011). With 1°C increase in temperature the water 

holding capacity of air increases by about 7%. On the contrary, rise in 

temperature also leads to higher evaporation and drying up of land, thereby 

increasing the intensity and duration of drought (Trenberth, 2011). In addition 

with modest changes in winds, dry areas are more likely to become drier e.g. 

throughout the subtropics, and wet areas wetter, especially in the mid- to high 

latitudes (Jiménez Cisneros et al., 2014). Together all the above changes as a 

result of global warming and climate change are affecting humans and the 

environment in many different ways.     
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2.3 An overview of climate change impacts  

Global warming will have wide-ranging impacts on natural systems and human 

life affecting water quantity and quality, ecosystems, food production and health 

(Smith et al., 2014, Watts et al., 2015). Section 2.2 already highlighted some 

climate change impacts on natural systems. This section mainly discusses 

human impacts. While there are uncertainties with the precise estimate of 

climate change impacts, continuous improvement in climate science and 

modeling supports a higher likelihood of certain types of impacts in different 

parts of the world, providing a strong basis for anticipating possible outcomes 

(Climate Change Authority, 2014). Impacts will depend on the extent and rate of 

warming of the climate system as influenced by the future concentration of 

greenhouse gases, climate sensitivity, social and economic development, and 

health services provision (Climate Change Authority, 2014, Watts et al., 2015). 

Figure 2.3 shows potential impacts of global warming on different sectors. 
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Figure 2.3: Global impacts projected to result from rising temperatures based 
on IPCC’s Fourth Assessment Report (AR4) scenarios  
Source: modified based on Climate Change Authority, (2014) 
 
As the focus of my research is water and health, I will concentrate on the climate 

change impacts on water in a separate section (2.4) and in the following 

paragraphs I highlight some of the climate change impacts e.g. food and health 

having a direct affect on human wellbeing. It is beyond the scope of this thesis to 

explore in-depth all the health impacts of climate change.   
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Food  

Climate change will affect all four dimensions of food security: food production 

and availability, food accessibility, stability of food supplies, and food utilization 

(Schmidhuber & Tubiello, 2007). It is predicted that the overall impact of 

climate change on food security will vary geographically and temporally but will 

also largely be determined by the socio-economic condition of a country. 

Changes in food system drivers give rise to changes in food security outcomes, 

but often researchers consider only the impacts on the food production element 

of food security (Porter et al., 2014). For most of the regions of the world (e.g. 

sub-Saharan Africa) negative trends on crop production are already evident, 

while for some mid to high latitude regions (e.g. the northeast China or the UK) 

warmer temperatures may facilitate crop production (Porter et al., 2014). In 

temperate regions, warmer temperature may facilitate increased crop yields 

resulting from expansion of potential cultivable areas, increase in pasture 

productivity and growth in the length of the cropping period. Nevertheless, 

these positive effects are likely to be offset from the consequences of different 

climatic events such as heat waves, droughts or increased rainfall on crop 

production in many other areas (Schmidhuber & Tubiello, 2007). Warmer 

temperature may also facilitate agricultural pest activities such as a growth of 

pests’ population and increases in their survival during the winter potentially 

damaging spring crops (Tirado et al., 2010).  

Climate change will also cause significant impact on fisheries production. 

Climatic drivers that influence fisheries are warming of ocean and water 

temperatures, ocean acidification, sea level rise, changes in ocean currents and 

water flows, increased storm frequency and intensity and flooding (Allison et 

al., 2009). These physical drivers affect abundance and distribution of fish 

species, aquatic habitat quantity and quality, ecosystem productivity and 

damaging fishing operations and infrastructure from extreme events such as 

storms and flooding (Allison et al., 2009). Of the 33 ‘highly vulnerable’ 

countries to potential climate change impacts on their capture fisheries, Asian 

countries including Bangladesh, Cambodia, Vietnam, Pakistan and Yemen are 

identified as most vulnerable (Allison et al., 2009). However little is known 
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about climate change impacts on fisheries and fishery resources in freshwater 

systems and on aquaculture.  

Furthermore, in comparison to crop and fish production, the evidence on 

observed climate change impacts on livestock are relatively scarce (Porter et al., 

2014). The understanding of climate change-livestock linkages is limited due to 

lack of research regarding the effect of climatic factors on grassland productivity 

and grazing quality and the quality of crops for livestock feed (Wheeler & von 

Braun, 2013). 

Climate change will also affect food utilization by altering food safety and 

disease conditions, particularly related to infectious disease agents associated 

with vectors, water and food (Aberman and Tirado, 2014). Essentially all 

manifestations of climate change including drought, higher temperatures, or 

heavy rainfalls are associated with an increase in disease pressure, and their 

affects on food safety and food security are now evident (Schmidhuber & 

Tubiello, 2007). Warmer temperature is associated with a number of infections 

such as salmonellosis (a common form of food poisoning), cholera and 

diarrhoea. Extreme rainfall events can increase the risk of outbreaks of water-

borne diseases particularly in areas with traditional water management systems 

that are insufficient to cope with the extreme events and where basic public 

infrastructure, including sanitation and hygiene, is inadequate (Schmidhuber & 

Tubiello, 2007). This will increase people’s susceptibility to water-borne 

diseases (e.g. cholera) and thus lower their capacity to effectively use food 

(Aberman and Tirado, 2014). The increased disease manifestations initiate a 

vicious cycle in the affected populations compounding their nutrition and 

hunger that in turn, making them more susceptible to infectious disease. This 

will ultimately reduce work productivity, therefore diminishing economic ability 

and increasing mortality (Schmidhuber & Tubiello, 2007). However research on 

this component of food and nutrition security has been scarce (Wheeler & von 

Braun, 2013). 

Health impacts 

 

Climate change impacts on human health in direct and indirect ways that 

interact with social dynamics to produce adverse health outcomes (Watts et al., 
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2015). Figure 2.4 shows the direct and indirect pathways linking climate change 

with health outcomes (Watts et al., 2015). Direct risks include the health 

impacts of heatwaves and changing extreme weather conditions including 

storms, floods, and drought. With warmer temperature, more frequent extreme 

heat episodes and heatwaves are expected and more frequent extreme weather 

events are also expected with variable climatic conditions (McMichael et al., 

2012). Indirect effects are caused by a complex combination of ecological and 

social processes (Smith et al., 2014, Watts et al., 2015). Global development and 

demographic processes, for example, changes in land use, crop yield, and 

ecosystems affect such interactions. WHO’s recent global burden of disease 

estimates indicated an additional 250,000 potential deaths annually between 

2030 and 2050 for well understood impacts of climate change. The report also 

suggests that this is an underestimate of the actual number of deaths as deaths 

related to economic loss, heatwaves, river flooding, water scarcity, or the 

impacts of climate change on human security and conflict are not included in 

this estimate (WHO, 2014). 

 

Climate change will also affect the provision of health and other services as it 

affects national economies and infrastructure (Watts et al., 2015). Across the 

regions of the world, these risks are unevenly distributed, with less developed 

countries, and specific population groups such as the poor and marginalised, 

people with disabilities, the elderly, women, and young children bearing the 

greatest burden of risk (Watts et al., 2015, McMichael et al., 2012). 

 

Extreme high temperatures are associated with significant human morbidity 

and mortality (Watts et al., 2015). With increased thermal stress, body’s coping 

capacity diminishes, and risks of homeostatic failure, diseases intensify, and 

deaths begin to rise rapidly (McMichael et al., 2012, Smith et al., 2014). The 

majority of heatwave related deaths happen from cardiovascular, 

cerebrovascular and respiratory causes (Haines et al., 2006). Therefore the 

older people, those with underlying cardiovascular or chronic respiratory 

disease, and those who are poor, uneducated, or isolated (and therefore less 

likely to have access to, or take, preventive action) are particularly vulnerable to 

extreme temperatures (McMichael et al., 2012; Zhang et al., 2016). Because of 

the urban heat island effect the urban population are usually more affected by 
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extreme temperatures than people in surrounding sub-urban and rural areas 

(Haines et al., 2006).  

 

Increasing urbanization, population growth, and changing migration patterns 

imply that an increasing number of people will be exposed to extreme 

temperatures. Urban land cover is projected to triple by 2030 from year 2000 

levels. Impacts of climate change coupled with demographic changes will expose 

increasing numbers of elderly people to increasing numbers of heat waves 

(Watts et al., 2015). Heat also poses significant risks to occupational health and 

labour productivity especially for outdoor workers in hot regions. While the 

majority of the heat related evidence is available from high-income countries, 

recent research in low- and middle-income countries suggests similar patterns 

of vulnerability to that observed in higher-income settings by age groups and 

socioeconomic status (Smith et al., 2014). In cold areas a warmer temperature 

may produce health benefits reducing cold related incidence (Smith et al., 

2014), a link, which has not been well established yet (Watts et al., 2015). 

 

Indirect mechanisms for health risks include a complex interaction of ecological 

and biological systems affecting pathogen growth rates, the range and activity of 

disease vectors (such as mosquitoes), water flows and quality, and crop yields 

(McMichael et al., 2012; Watts et al., 2015). A number of infectious diseases 

including vector-borne diseases are associated with changing climatic 

conditions (Smith et al., 2014, Haines et al., 2006,). Climatic factors that are 

related to infectious diseases are temperature, rainfall, humidity, and sea level 

rise (Haines et al., 2006). More specifically changing climatic conditions will 

affect pathogen maturation and multiplication, vector species distribution and 

behaviour (such as the mosquito), the lifecycle of the disease agents (such as 

parasites), and aspects of human behavior that increases risks of infection (such 

as crowding and displacement) (McMichael et al., 2012).   

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: The direct and indirect effects of climate change on health and wellbeing  
Source: Watts et al., (2015)
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The association between climate variables and vector-borne diseases differs 

geographically. Among the vector-borne diseases, dengue fever is positively 

associated with globalized climate variability (Smith et al., 2014) as well as 

local climate factors (Phung et al., 2015). Another important mosquito borne 

disease, malaria is associated with climate variables at the local level and 

responsible for 200 million cases per year over the period 2008-12 (Smith et 

al., 2014). 

 

Changes in temperature, precipitation frequency, and air stagnation also 

affect air pollution levels with significant risks to health. Climate affects 

pollution levels through pollutant formation, transport, dispersion, and 

deposition (Watts et al., 2015). Almost all the climate-altering air pollutants 

such as methane and ozone precursors cause adverse health effects, either 

directly or by contributing to secondary pollutants in the atmosphere (Smith 

et al., 2014). Climate change will mostly affect ground-level ozone (GLO) and 

particulate air pollutants (Watts et al., 2015). However the effect on fine 

particles (PM2.5) is less certain (Smith et al., 2014). The presence of GLO in 

an area is largely influenced by climatic conditions that include rising 

temperatures, reduced cloudiness and decreased precipitation frequency. 

Even with a small increase, GLO can cause significant health consequences. 

However projections are rare particularly for developing countries where air 

pollution is presently a serious problem and is expected to worsen unless 

controls are strengthened (Smith et al., 2014).  

2.4 Climate change impacts on water 

 

Climate change poses many threats to human societies through water. 

Impacts include affecting crop production, energy generation, human health 

and ecosystems (Jiménez Cisneros et al., 2014). Observational and climate 

projection data suggest considerable impacts of climate change on freshwater 

resources (Bates et al., 2008), which in turn will contribute to wide-ranging 

social and environmental consequences (Green et al., 2011). Different 

components of the hydrological cycle that include atmospheric water vapor 

content, precipitation and evapotranspiration patterns, balance between snow 
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cover and melting of ice and glaciers, soil temperature and soil water content, 

and surface runoff and stream flow are affected by climate changes (Green et 

al., 2011). It is noteworthy that anthropogenic climate change is one of many 

stressors of water resources. Non-climatic drivers such as population increase, 

economic development, urbanization, and land use or natural geomorphic 

changes also challenge the sustainability of resources by decreasing water 

supply or increasing demand. 

 

The global land-based precipitation changes show mixed and non-significant 

long-term trends since 1900 possibly due to insufficient data, mainly in the 

earlier part of the record (Hartmann et al., 2013). Similarly no specific pattern 

of regional variability in precipitation changes has been observed due to lack 

of quality data and quantitative agreement between the available estimates 

(Hartmann et al., 2013). During the 2011-2015 period, because of the La Niña 

affect, 2011 was a very wet year in many areas and the El Niño affect resulted 

in 2015 being a very dry year in many regions (WMO 2015). The rainfall 

pattern during the 2011-15 period was also consistent with observed multi-

year rainfall anomalies in several parts of the world, most of which began after 

the end of the 2011-12 La Niña (WMO 2015). Though simulation by the state-

of-the-art, Coupled Model of Intercomparison Project Phase 5 (CMIP5) 

models has improved prediction of the precipitation patterns compared to the 

previous generation (CMIP3), considerable uncertainty remains (World Bank, 

2013). In Sub Saharan Africa and South Asia the lack of data and Global 

Circulation Models (GCM) cannot accurately replicate past and present 

climatic conditions, therefore prediction of future scenarios remain less 

confident, especially for rainfall, runoff and recharge (Calow et al., 2011).  

 

Despite this complexity certain future trends for water resources are predicted 

with higher confidence. Variability of annual average rainfall is forecasted 

across the globe with increasing frequency and intensity of droughts and 

floods (Batchelor et al., 2011). Fresh groundwater resources in South Asia and 

most of the African region are highly vulnerable to climate change and a 

decline in the freshwater supply is predicted (Ranjan et al., 2009).  
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In South Asia, snow and glacial melt from the Himalayas is an important 

determinant of river flows and vital in sustaining upstream flows. In the Indus 

and Ganges basins, about 40% of the meltwater originates from glaciers 

(Immerzeel et al., 2010). Warmer temperatures and changes in precipitation 

will substantially affect the melting process. Like other parts of the world a 

similar declining trend of glacier volume has been observed in the Himalayas 

(Immerzeel et al., 2010). Due to glacier melting, current high flow in glacier-

fed rivers will follow a considerable reduction of river flow and freshwater 

availability with progressive disappearance of glaciers (Kaltenborn et al., 

2010). Despite the compensating effects of increased rainfall in the two 

basins, a consistent and considerable decline in summer and late spring 

discharges are expected between 2046 and 2065 after a period with increased 

flows due to accelerated glacial melt (Immerzeel et al., 2010). Upstream water 

supply is crucial to sustain upstream reservoir systems, which are used to 

maintain water supply to downstream areas. Any change in upstream water 

supply to these reservoir systems, therefore is more likely to pose a significant 

threat to millions of people downstream in these areas. 

 

All these predicted climate changes are likely to impact different aspects of 

quantity and quality of water including sediments, nutrients, dissolved 

organic carbon, pathogens, pesticides, salt and thermal pollution (Whitehead 

et al., 2009). Figure 2.5 provides an overview of how the multiple climate 

change pathways can affect different aspects of water availability and quality. 

The available evidence of changes in water quality due to climate change is 

largely from isolated, short term and small-scale observation in rivers or lakes 

from high-income countries (Jiménez Cisneros et al., 2014). In addition, the 

impacts on human health through effects on water resources are difficult to 

predict with certainty, but the poorest and those with limited resources are 

likely to be affected most (Hunter et al., 2010). Heavy and frequent rainfall 

events can cause frequent contamination of surface water sources, particularly 

shallow wells, springs, rivers and ponds, and increased load of contaminants 

in shallow ground waters, leading to inefficient sewer systems and water and 

waste water treatment (Kundzewicz et al., 2007). Damage to the water supply 
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systems due to extreme climate events like storms and flood may force use 

from unimproved water sources and result in increased water-borne diseases 

(Hunter at el., 2010). 

 

Figure 2.5: An overview of the impact of climate change on the hydrological 
system 
Source: constructed by Author 

 

Reduced river flows and increased water temperature will also affect the water 

quality by reducing dilution of contaminants, leading to less oxygen dissolved 

in water and growing microbiological activity. These effects could lead to 

major health problems, especially during drought (Costello et al., 2009). The 

seasonal loss of water sources due to aridification, salinisation or system 

failure as a result of increased demand leading to use from poorer water 

sources could be one of the most important impacts (Hunter et al., 2010). 

Greater variability in rainfall also affects water supplies and may lead to an 

increased demand and investment for storage of water or more use of natural 

groundwater. For example, rainwater harvesting may become less effective as 
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it is more vulnerable to extended dry periods (Hunter et al., 2010). 

Furthermore climate-induced sea level rise (discussed in 2.4.1) and changing 

natural groundwater recharge will accelerate saltwater intrusion in coastal 

aquifers leading to a reduction of quality and amount of freshwater resources 

available in coastal aquifers (Mimura, 2013). 

 

2.4.1 Sea Level Rise 

 

Sea-level rise (SLR) is one of the most significant effects of climate change 

(Mimura, 2013). At a global scale expansion of oceans related to warming and 

melting of land ice are the major contributors of SLR (Mimura, 2013; 

Meyssignac and Cazenave, 2012) and it is now evident that climate change will 

significantly affect this process (IPCC, 2013). Projection of climate change 

related SLR, based on either process-based or semi-empirical approaches, 

remains a complex and difficult scientific issue (World Bank, 2013). While 

semi-empirical approaches have increasingly been acknowledged in the 

scientific community (Rahmstorf, 2010), concern remains with the estimation 

using this approach if the historic trend between sea level rise and 

temperature is maintained in the future (Nicholls & Cazenave, 2010; 

Rahmstorf, 2010). The “semi-empirical” approach generally leads to higher 

projections of sea level.  

 

The rate of increase of global mean sea levels over the 2001-2010 decade of 

3.2 mm per year was double that of the observed 20th century trend of 1.6 mm 

per year (WMO, 2013). The accelerated trend of SLR was also observed during 

the 2011-15 period but with high interannual anomalies by the standard 

satellite data due to La Nina and El Nino affect (WMO, 2015). The trend over 

the full satellite record from 1993 to the present of approximately 3 mm per 

year is larger than the average 1900-2010 trend (based on tide gauges) of 1.7 

mm per year (WMO, 2015). Furthermore, IPCC modeling scenarios indicate 

that global mean sea level will continue to rise during the 21st century with 

global mean sea level rise for 2081–2100 relative to 1986–2005 projected to 

be in the range of 26 to 82 cm for all Representative Concentration Pathways 

(RCP) scenarios (IPCC, 2013) (Table 2.1).  
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Table 2.1: Projected change in global mean surface air temperature and global 

mean sea level rise for the late 21st century relative to the reference period of 

1986–2005. 

  Global mean surface 

temperature change 

(0C) 

Global mean sea 

level change (cm) 

Period Scenario Mean Likely range Mean Likely range 

2081-2100 RCP2.6 

RCP4.5 

RCP6.0 

RCP8.0 

1.0 

1.8 

2.2 

3.7 

0.3 to 1.7 

1.1 to 2.6 

1.4 to 3.1 

2.6 to 4.8 

40 

47 

48 

63 

26 to 55 

32 to 63 

33 to 63 

45 to 82 

  Source: adapted from IPCC (2013) 

 

There is also a growing confidence that surface melting of the Greenland ice 

sheet will exceed the increase in snowfall, which could lead to a larger SLR 

(IPCC, 2013). In recent decades a decline in the total mass of land ice, e.g. 

glaciers, ice caps and ice sheets has been observed and between 2003 and 

2007 ice loss contributed to almost 80% of the total increase in SLR adding 

more than 1cm to global sea level (UCS, 2013). Further observation from 

Cryosat-2 data during the 2011-13 period including the extreme melt year of 

2012 demonstrated that the contribution of Greenland ice sheet melting to 

global sea level rise was approximately 1.0 mm per year, well in excess of the 

0.6 mm per year reported in the IPCC’s Ar5 for the 2002-11 period (WMO, 

2015). Over the 1993-2014 period sea level rise has been more consistent in 

the Atlantic and Indian Oceans with most parts of both oceans showing rates 

similar to the global average (WMO, 2015). By the end of this century, it is 

highly likely that sea level will rise in more than 95% of the ocean area (IPCC, 

2013).  

 

However at a local or regional level, local crustal and land movements due to 

tectonic and volcanic activity, or ground subsidence due to natural causes (e.g. 

sediment loading in river deltas) or human activities (ground water pumping 

or oil/gas extraction) also affect sea level change. This is referred to as relative 

sea level rise (RSLR) (Meyssignac and Cazenave, 2012). Relative sea - level 

rise (RSLR) is a response to both climatic and non-climatic factors and varies 
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from place to place (Nicholls, 2010). Relative sea level rise also depends on 

local changes in currents, winds, salinity, and water temperatures (Mimura, 

2013). RSLR is more rapid than global mean trends in subsiding coasts, 

including deltas such as the Mississippi Delta, the Nile Delta, and the large 

deltas of South and East Asia (e.g. Ganges deltas- Bangladesh) (Mimura, 

2013). 

 

SLR in Bangladesh 

 

Bangladesh is highly vulnerable to SLR due to its flat topography.  Most of its 

landmass is within 3 metres of sea level (Nishat & Mukherjee, 2013b). Tidal 

data at three gauge stations on the Bangladesh coast has revealed that the rate 

of sea level rise for 1977-98 of 4.0-7.8mm/year (Mohal, Khan, & Rahman, 

2006; Nishat & Mukherjee, 2013b; Sarwar, 2013) was considerably higher 

than that of global sea level rise, 1.7+0.3 mm/year over the 19th century 

(IPCC, 2013).  

 

For Bangladesh, estimates of sea-level change are entirely based on tide-gauge 

data and quality of data remains a concern. A majority of the tide-gauge 

stations along the coast lack sufficient data to allow time-series analysis and 

assess long-term sea level change (Sarwar, 2013). However the data provides 

useful insights into seasonal and spatial variations in sea levels along the 

Bangladesh coast. The seasonal variation of Mean Sea Level (MSL) varies 

from 30 to 50 cm (Khandaker 1997 cited in Sarwar 2013). MSL along the 

Bangladesh coast is highest during the period between June and August when 

river discharge is the greatest because of peak rainfall in the country and also 

in the upstream countries. MSL is the lowest during January to March 

(Sarwar, 2013).  

 

Water level data from tidal stations in the southwest (Hiron point) and 

southeast of Bangladesh (Swandip and Cox’s Bazar) for 1977-2002 and from 

the southeast Moheshkhali station for 1968-1996 point to an average increase 

in annual sea level between 5.5 and 7.5mm (Nishat & Mukherjee, 2013b). 

Observation of water level data from 13 tide gauge stations along the coast of 



 28 

Bangladesh (Figure 2.6) for variable periods (14-44 years) reported an average 

SLR as high as 38.8 mm per year near the central coast (Sarwar, 2013).  

 

 

Figure 2.6: Tide gauge stations along the Bangladesh coast  
Source: Sarwar, (2013)  

 BIWTA- Bangladesh Inland Water Transport Authority; 

BWDB- Bangladesh Water Development Board; 

PSMSL- Permanent service for mean sea level 
 

Despite overall increases observed, variability does exist across the coastline. 

Between 1983 and 2003 the annual SLR at Hiron point was 3.4 mm. In 

contrast, between 1986 and 2001 sea level near southeast Chittagong 

(Sadarghat) coast showed an annual fall of 11.7 mm. A similar declining trend 

of sea level was observed near Moheshkhali (Saflafur station) for the 1969- 

1997 period (Sarwar, 2013). According to Nishat and Mukharjee (2013b) the 

variable rate of sea level changes across the stations, may be due to continuing 

morphological dynamism relating to tidal changes from natural creation of 

new chars and islands. However, considering the observations at Sundarban/ 
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Hiron point and Cox’s Bazar, which are relatively free from any type of human 

interventions, Nishat and Mukharjee (2013b) concluded that mean sea level 

along the Bangladesh coast is rising.  

 

Subsidence also contributes to sea level rise in Bangladesh. An estimated 1.6 

billion tons of sediment annually flows towards Bangladesh through the 

Ganges and the Brahmaputra. The subsidence of the delta is considered to be 

balanced by the refill of sediment leading to a net sea level rise. The observed 

differential rate (almost twice) of the tidal trend on the eastern coast 

compared to the western coast could be due to subsidence and uplifting of 

land (Sarwar, 2013).  

 

By the end of this century sea level rise for the South Asia region is predicted 

to be above the global average (World Bank, 2013). Available evidence 

suggests an increase in average sea level in Bangladesh by the end of this 

century (Nishat & Mukherjee, 2013b, Sarwar, 2013, World Bank, 2013). The 

Bangladesh National Adaptation Programme for Action (NAPA) based on the 

IPCC’s Third Assessment Report (AR3) scenarios and South Asian Association 

for Regional Cooperation (SAARC) Meteorological Research Centre 

predictions, projected mean sea level rise of 14cm, 32cm and 88cm for 2030, 

2050 and 2100 respectively. Recent estimates by World Bank (2013) reported 

that by the end of 21st century sea level would rise above 1 meter (125cm) near 

Dhaka, Bangladesh.   The consequences of sea levels of these magnitudes are 

diverse and will be significant for populations and the ecosystems they depend 

on. 

 

2.4.2 Impacts of sea level rise 

 

Climate change and SLR poses a serious threat to highly populated coastal 

areas in many countries including South, Southeast, and East Asia (Dasgupta 

et al., 2009; Nicholls & Cazenave, 2010). More than 200 million people 

worldwide live within 5 meters of sea level along the coast. By the end of the 

21st century doubling of this figure is projected (Bollmann et al., 2010).  
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The impacts of sea-level rise are identified as follows- 1) aggravated 

inundation, flooding and storm surge effects in low-lying coastal areas, 2) 

increased coastal erosion, 3) effects on coastal ecosystems such as salt marsh, 

mangroves and coral reefs, 4) salt water intrusion into surface and ground 

waters and 5) changes in sediment deposition along river channels (Mimura, 

2013; WOR, 2010). All the eleven megadeltas of Asia are vulnerable to 

impacts of climate change and sea-level rise (Figure 2.7) and varying levels of 

saltwater intrusion into freshwater resources have been observed. Climate 

change is expected to aggravate the intrusion further (Nicholls et al., 2007).   

 

 

 

Figure 2.7: Vulnerability of deltas to climate change and sea level rise  

Source: Nicholls et al., (2007) 

 

The immediate effect of SLR is submergence and increased coastal 

inundation, as well as saltwater intrusion of surface waters. Longer-term 

effects include wetland loss and environmental change in response to higher 

water tables and increasing salinity, erosion of beaches and soft cliffs, and 

saltwater intrusion into groundwater (Nicholls & Cazenave, 2010). Of these 

impact categories flooding/submergence, ecosystem change, and erosion have 

received significantly more attention than salinization and rising water tables 

(Nicholls & Cazenave, 2010). The socioeconomic consequences following these 

physical impacts will be enormous (Mimura, 2013; Nicholls, 2010) and with 
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the increasing sea level the impacts will become more apparent (Nicholls & 

Cazenave, 2010). However determining the socioeconomic impacts of SLR on 

coastal areas is a great challenge as exact determination of the effect of 

accelerated SLR on the natural (physical and ecological) environment is one of 

the most important problems in present coastal geology (FitzGerald et al., 

2008). Therefore different SLR scenarios have been applied in the research to 

investigate the socioeconomic, physical, and ecological impacts as a 

consequence of SLR. 

 

Bangladesh is recognized as one of the most vulnerable countries in South 

Asia from the effects of climate change and sea level rise (World Bank, 2013). 

Climate change-related SLR is a source of potentially devastating loss and 

damage in coastal regions of Bangladesh (Nishat at al., 2013). Table 2.2 

presents the potential impacts of sea level rise in Bangladesh for 2020, 2050 

and 2100. They include: increasing risk of land inundation and flood, higher 

intensity of storm surge, and decreasing crop productivity. The problem of 

salinity is expected to increase for all the scenarios.  

Table 2.2: The potential impacts of sea level rise in Bangladesh  

Year 2020 2050 2100 

Sea level rise 10cm  25cm 100cm 

 

Estimated area 

submerged 

2500 km2  

(2 % of land) 

3600 km2  

(4 % of land) 

25,000 km2  

(17.5 % of land)  

Storm surge  Storm surge goes 

from 7.1 to 8.6 m 

with 30 cm SLR. 

Storm surge goes 

from 7.4 to 9.1 m 

with 100 cm SLR. 

Flooding  

 

 

20% increase in 

inundation 

Increased flooding 

in Meghna and 

Ganges floodplain. 

Both inundation 

area and flood 

intensity will 

increase 

tremendously 

Agriculture  

 

 

Agricultural 

production will be 

reduced and a 

number of crop 

varieties will be 

affected. 

Inundation of 0.2 

million metric tons 

0.3 m SLR inundate 

0.5 million metric 

tons of production, 

2% of current total. 

Monsoonal floods 

caused increased 

agricultural yield 

loss. 

Devastating floods 

may cause crop 

failure for any year. 
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Year 2020 2050 2100 

of production; 

<1 % of current 

total.  

 

Salinity Increase Increase Increase 

Source: Adapted from Sarwar, 2013 

2.4.3 Saltwater intrusion  
 

Saltwater intrusion has been widely recognized as a major impact of sea-level 

rise on coastal water resources (Mimura, 2013; Ranjan et al., 2006). With sea-

level rise, the mixing zone between fresh and saline water moves further 

inland (Werner & Simmons, 2009). In addition climatic variables, such as 

precipitation, surface runoff, and temperature can play a big role in affecting 

saltwater intrusion (Ranjan et al., 2006). For example rainfall events support 

recharge of coastal aquifers, and the flow of recharged water towards the 

ocean prevents saltwater from encroaching into the freshwater region (Chang, 

et al., 2011).  

 

Human related causes of water salinization vary across the regions of the 

world. They include over pumping of ground water and land use changes 

(Chang et al., 2011). Reducing groundwater levels as a result of over 

exploitation of coastal aquifers leads to saltwater intrusion. While river 

discharge, tidal range, and geological setting are important local factors, 

climate change and sea level rise is anticipated to aggravate the intrusion 

process (Chang et al., 2011; Mimura, 2013; Werner et al., 2013). In addition, 

excess irrigation for food production, especially in arid and semi-arid areas, 

discharge from industrial and mining activities, use of salt for deicing in cold 

regions, effluent from sewage treatment plants and reduced upstream flow 

due to damming are also responsible for salinization of water (Cañedo-

Argüelles et al., 2013).  

 

Besides the contribution of tidal water level rise to increased water salinity in 

the estuarine zone of Bangladesh, saltwater intrusion in southern Bangladesh 

can also be attributed to a decreasing upstream freshwater flow following the 
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construction of the Farakka Dam in India (Mirza and Sarker, 2004). Other 

contributors to higher salt concentration in water in Bangladesh are 

horizontal expansion of shrimp farming and ingress of soil salinity 

(Mahmuduzzaman et al., 2014; Abedin et al. 2012). Available projections 

suggest significant exacerbation of this problem following climate change and 

sea level rise (Sarwar, 2013). Moreover climate change induced increased 

frequency of extreme events such as cyclone and subsequent flooding are 

likely to exacerbate the existing salinity problems (Mahmuduzzaman et al., 

2014)    

 

The predicted climate change and associated sea level rise for coastal 

Bangladesh will further increase the saltwater contamination of both surface 

and ground freshwater resources, increasing the sodium related health threats 

to larger populations in these areas. Modelling of climate related changes in 

sea levels, temperature /rainfall patterns, and upstream riverine flows for 

different climate change scenarios according to IPCC’s AR4 along with 

projected estimates for land subsidence and river water abstraction indicate 

that climate change will cause significant changes in river salinity in the 

southwest coastal area of Bangladesh during the dry season (October to May) 

by 2050 (Dasgupta et al., 2014). This prediction suggests that both the extent 

and the magnitude of sodium exposure from increased salinization of water 

will increase in coastal Bangladesh.  

 

The freshwater river area (i.e. salinity level 0–1 parts per thousand- ppt) is 

anticipated to decline from 40.8 percent in 2012 (March) to 19.7 and 17.1 

percent in the best and worst case future scenarios for 2050, respectively.  The 

same projection case scenarios also indicate an increase of moderate to highly 

saline river areas (3 to above 5 ppt) and a decrease of slight to moderately 

saline river areas (~0 to 3ppt) from the baseline in 2012 (Dasgupta et al., 

2014). This will result in an increasing number of people in coastal areas 

exposed to higher sodium in water with significant scarcity of freshwater 

supply. For example, in the study area used for this research (Koyra Sub-

district) and adjacent areas (districts and sub-districts) the river salinity level 

is projected to range from 4 to 25 parts per thousand (ppt) (i.e. 4-25g/L), with 
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some areas projected to have salinity levels more than 25 ppt (World Bank, 

2015), a figure which is twice the upper value of the current range reported 

(Khan et al., 2011) and well above the ~1ppt of Bangladesh standard level for 

salinity in drinking water (Abedin and Shaw, 2013).  

 

2.5 Conclusion 

 

Scientific evidence indicates an increase in global mean temperature and 

continued warming of the planet. As a consequence a wide-range of impacts 

on natural systems and human life have already been observed and are 

projected to continue, affecting water quantity and quality, ecosystems, food 

production and health.  

 

Water is the primary medium through which climate change generates a 

major threat to humans and the environment. Components of the hydrological 

systems get intensified with warming temperature. One of the major 

hydrological impacts of climate change is sea level rise leading to a wide range 

of effects including salinization of freshwater sources. Determining socio-

economic impacts of sea level rise has been a challenge due to uncertainties 

with the accelerated SLR and compared to other impacts of sea level rise 

salinization of water has received less attention in the scientific research.  

 

All the Asian mega deltas are vulnerable to sea level rise and saltwater 

intrusion. In South Asia, Bangladesh is recognized as one of the most affected 

countries due to climate change and sea level rise. One of the potential 

impacts of sea level rise is water salinity, which is an existing problem and will 

continue to be exacerbated in the years to come. The predicted climate change 

and associated sea level rise for coastal Bangladesh indicates that  saltwater 

contamination of both surface and ground freshwater resources will be 

aggravated further, increasing the sodium related health threats to larger 

populations in these areas.  

 

The next chapter describes water related health problems with a specific focus 

on chemical contamination of water, and adverse health effects of salt 
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consumption including potential health effects from high saline (salt) water 

exposure. 

 

A review article was published based on the literature review for Chapter 2 

and 3. The full reference is-  

Talukder, M.R.R, Rutherford, S., & Chu, C. (2015). Salinization of Drinking 

Water in the Context of Climate Change and Sea Level Rise: A Public Health 

Priority for Coastal Bangladesh. International Journal of Climate 

Change: Impacts & Responses, 8 (1) (2015), 21–32 



Chapter 3 – Water salinity and health risks 

3.1 Introduction  
 

This chapter focuses on the importance of water to human health including 

aspects of water quality with a specific focus on chemical contamination of 

water, salt consumption and health effects, and water salinity (salt) and its 

potential impacts on health including the effect on human blood pressure. It 

provides the current knowledge and identifies potential research gaps to 

provide further context for this research study. 

3.2 An overview of water related health problems 

 

Water is essential for all aspects of human life. Water plays an important role 

in maintaining body homeostasis. Movement of water between extracellular 

and intracellular compartments in the body results in cell volume change, 

which therefore supports a wide range of cellular functions including 

metabolism and transportation of different nutrients, regulation of body 

temperature, and removal of waste products and toxins (Kavouras & 

Anastasiou, 2010).  

 

Only 1 percent of the world’s total freshwater is available for human use, of 

which the major part is utilized for agriculture and industrial processes. 

Furthermore population growth, urbanization, food and energy security 

policies, and macro-economic processes such as trade globalization and 

changing consumption patterns will continue to increase existing water 

demands (WWAP, 2015). Pollution and saltwater intrusion further threatens 

human use (Christian, 2012). In addition climate change and variability which 

affects the water balance and availability, will add to these challenges (WWAP, 

2015). The risk of water scarcity is particularly higher in developing countries 

due to their higher dependency on climate-sensitive economies (Christian, 

2012). 
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Inadequacies in water supply not only have direct adverse health 

consequences but also prevent good sanitation and hygiene (Hunter et al., 

2010). Any change in the quantity or quality of water resulting from 

pathogens, toxins and chemical contamination can lead to water-related 

health problems such as diarrhoea, typhoid, hepatitis and arsenicosis.  

Moreover being an integral part of human livelihoods and world economies 

water can also affect health indirectly (Hunter et al., 2010), for example 

affecting food security and fisheries and hence livelihoods. 

 

Improving access to safe drinking water and basic sanitation, and encouraging 

hygiene have the potential to improve quality of life. The assessment of impact 

of water, sanitation and hygiene (WASH) combined compared with unsafe 

water only is limited by the availability of precise estimates for water related 

diseases (WHO, 2014) and mainly based on estimates related to prevention of 

diarrhoeal deaths. Improving water, sanitation and hygiene has the potential 

to prevent 58% of a total of 1.5 million diarrhoeal deaths (WHO, 2014). 

According to an estimate in 2004, the impacts of WASH on non-diarrhoeal 

diseases (e.g. effects on undernutrition and related outcomes, schistosomiasis, 

intestinal nematodes infections, dengue, malaria and drowning) are possibly 

much greater than those on diarrhoeal diseases (WHO, 2014) and this 

estimate did not consider chemical contaminants of water. However, updated 

and specific data on water related non-diarrhoeal diseases are lacking. 

 

The global importance of water, sanitation and hygiene for improving health 

was reflected in the United Nations Millennium Development Goals (MDGs) 

that were set to be achieved by 2015. In 2010 the world met the MDG target 

for improving access to safe drinking water. The goal was to reduce by half the 

proportion of people without sustainable access to safe drinking water and 

basic sanitation (UNICEF & World Health Organization, 2015). However this 

target was measured using ‘improved’ rather than ‘safe’ water sources as the 

indicator. It is now evident that billions of people have ‘improved’ water 

sources, which are not ‘safe’ (WHO, 2015). Moreover large disparity in 

coverage with improved drinking water sources has been observed in 

developing regions. The lowest levels of coverage have been reported in 48 
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least developed countries (designated by the United Nations), almost all of 

them are in sub-Saharan Africa (Figure 3.1) Therefore despite reaching the 

MDG target at a global level and even ‘on average’ in many developing 

nations, in reality there is more to achieve. UNICEF and WHO estimate that 

in 2015 approximately 663 million people still do not have access to an 

improved water source (for simplicity in this thesis I have used ‘safe’ to 

indicate both improved and safe water sources) with large disparity between 

urban and rural areas (UNICEF & World Health Organization, 2015).  

 

 

Figure 3.1: Coverage of access to improved water sources worldwide  
Source: UNICEF & WHO, (2015) 

 

The recent adoption of Sustainable Development Goals (SDGs) for the world 

to achieve by 2030 has also highlighted the importance of water, sanitation 

and hygiene for human development with well-being dedicated goals and 

targets for WASH (United Nations, 2016). The goal for WASH in the SDGs 

(goal 6) is to “Ensure availability and sustainable management of water and 

sanitation for all”. The targets to achieve the goal include – universal and 

equitable access to safe water, sanitation and hygiene, improve water quality 

and reduce water pollution including chemical and waste contamination, 

promote efficient water use and integrated water resources management, and 

protect and restore water related ecosystems (United Nations, 2016). Some of 

the other goals and targets that also include different water and sanitation 

targets are- ending epidemics of water-borne diseases (target 3.3), reducing 

the morbidity and mortality from hazardous chemicals and air, water, and soil 
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pollution and contamination (target 3.9) and reducing the number of deaths 

and affected people from water-related disasters (target 11.5) (Sanitation and 

Water for All, 2016). It is important to note that these goals and targets not 

only highlight improving access to safe water and sanitation but also place a 

greater emphasis on improving water quality, reducing water pollution 

including chemical contamination and promoting integrated water resources 

management to ensure sustainable access to safe water and improved 

sanitation and reducing overall burden of water-related diseases.  

 

Water-related diseases    

  

Water-related disease refers to any death, disability, illness or disorders that 

are caused directly or indirectly by the condition, or changes in the quantity or 

quality of any waters (Stanwell-Smith, 2008). The first classification by David 

Bradley (White et al., 1972) describes four categories of water related health 

problems. They include water-borne, water-washed, water-based and water-

related insect vector diseases (Table 3.1). A brief description of these diseases 

is provided in the following paragraphs.  

 

The diseases caused by direct ingestion of pathogens in water are called water-

borne diseases and are essentially directly related to water quality and safety 

(Bartram and Hunter, 2015). The disease transmission is related with not only 

direct ingestion but also poor hygiene and sanitation practices leading to 

ingestion of pathogens as a result of inadequate management of human and 

animal excreta (Sobsey, 2015). 
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Table 3.1: Water related diseases classification 

Classification Description Examples 

Water-borne disease Disease condition 

following direct 

ingestion of pathogenic 

organisms in water 

Typhoid, 

Campylobacter, 

giardiasis, 

Cryptosporidium, 

cholera, 

enterohemorrhagic and 

enterotoxigenic E. coli, 

norovirus, etc. 

Water-washed 

disease 

Disease that results 

from inadequate 

hygiene conditions and 

practices 

Trachoma, scabies, 

Shigella 

Water-based disease Transmission of disease 

by means of an aquatic 

invertebrate host that 

requires water to 

maintain its lifecycle  

Schistosomiasis, 

Dracunculiasis 

Water-related 

disease 

Disease from a water-

related insect vector - 

involves an insect 

vector that breeds in or 

near to water 

Malaria, 

trypanosomiasis 

Dengue, 

 

Source: Adapted from Hunter et al., (2010) 

 

Some of the well-known pathogens in this category are Vibrio cholerae and 

Salmonella typhi bacteria, rotavirus and norovirus, Giardia spp and 

Cryptosporidium spp protozoan parasites and helminths (Table 3.1). Since 

the development of the original Bradley Classification the knowledge of water-

borne diseases in terms of causal agents, link with water quality between 

source and use, human and animal faecal pollution and chemical 

contamination has improved, which has also led to better interpretation of 

these diseases. In the original classification, exposure through chemicals was 

not considered because evidence was scarce. Since then the knowledge on 

chemical exposure to health including exposure through drinking water has 

increased (WHO, 2011). However only a few chemical contaminants such as 

fluoride, arsenic and lead, have been found to be significant contributors to 
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global disease burden, possibly because more research has been concentrating 

on them (Barrett, 2014). Many others may be of local or national concern, and 

are related to industrial processes, agricultural practices, geology, 

environmental influences and consumption patterns. In many low-lying deltas 

including in Bangladesh increasing salinity in water is an emerging 

environmental problem, which is yet to receive appropriate attention (Hoque 

et al., 2016).  

 

Water-washed diseases are particularly related to exposure to pathogens due 

to inadequate access to and use of water for personal, food and domestic 

hygiene (Sobsey, 2015). In general, diseases in this category relate to 

pathogens in two ways – a) similar to water-borne diseases: water serves both 

as a vehicle and is necessary for adequate personal and food hygiene, 

therefore both sufficient and safe water are required for prevention of 

diseases; b) person to person transmission and hygiene is a step for 

prevention. However defining water-washed diseases principally on the basis 

of availability (access) has been found to be complex. For example, most often 

the access to water is measured at the household level while experience of 

access varies between individuals within the household and outside the 

household setting (Bartram and Hunter, 2015). Similarly physical health 

problems or injuries related to water carriage, violence on persons collecting 

water from a shared community source and contamination of water during 

fetching from a distant water source are also associated with water access, 

which are not included in this category (Bartram and Hunter, 2015). 

 

Water-based diseases are those diseases where the infecting agents pass a 

necessary part of their life cycle in water (Gerba and Nichols, 2015). The 

diseases may be transmitted through ingestion (e.g. dracunculiasis), which 

therefore overlaps with the water-borne disease transmission mode, or may be 

through intact or damaged skin (e.g. schistosomiasis, leptospirosis) (Bartram 

and Hunter, 2015). The primary classification only considered the helminthes 

as the infection agents in this category (White et al. 1972). Further knowledge 

of the disease exposure and transmission process reveals that several other 

important agents such as protozoa, bacteria, diatoms and cyanobacteria, 
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which are of human health concern and also have an aquatic life cycle, should 

be included in this category.  

 

Some of the vectors prefer stagnant water while others prefer clean water. 

Important diseases that are included in this category are malaria, dengue, 

yellow fever, onchocersiasis and other arboviral infections, which are 

transmitted by insects with aquatic larvae.  Malaria, river blindness and Rift 

Valley fever are also closely related to water availability; thus they are also 

sensitive to rainfall patterns.  

 

Since its inception, several modifications of Bradley’s classification have been 

proposed (Feachem, 1975; Mara & Feachem, 1999). However the original 

system is still recognized as the classification base for water related health 

problems by the scientific community (Hunter et al., 2010). Though the 

existing classifications have provided important information to adopt 

strategies for prevention, they are also missing several other important water-

related health aspects as pointed out by Hunter (2010). In reference to Hunter 

(2010) and the discussion above, some important gaps in the existing 

classification include: a) health risks associated with using water from unsafe 

sources as a result of unpleasant tastes or odours (such as, arising from iron 

content of groundwater, increasing water salinity, or linked with chlorination) 

in water that is considered pathogen free. Scientific knowledge in this regard 

is very limited; b) the effects on physical health of fetching safe water and 

carrying heavy containers from a long distance, especially to women and 

children in developing countries. There is a significant dearth of knowledge 

about musculoskeletal health effects of carrying containers to supply safe 

water (Hunter et al., 2010); and c) health problems from chemical 

contamination of water e.g. arsenic, fluoride, sodium, which pose considerable 

impacts in certain areas (Jiang et al., 2012; Khan et al., 2011, Argos et al., 

2010). 

 

Given the scope of my research, in the following paragraphs I will focus on 

chemical contaminants of water, and more specifically salinity (sodium) in 

water, which is an emerging environmental problem in many low-lying 
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countries and will potentially be exacerbated due to climate change and sea 

level rise (discussed in 2.4.1).  

3.3 Chemical contamination of water 

 
Chemical contamination of water has been overlooked in traditional 

classification of water related health issues (Bartram and Hunter, 2015). 

Chemical contamination of water can cause very serious health problems, 

including cancer, cardiovascular disease, neurological disease, and 

miscarriage (Barrett, 2014) but generally requires exposure for a considerable 

period, and therefore is often considered a lower priority than consequences 

from microbial contamination that are usually rapid and easily noticed 

(Thompson et al., 2007). With the technical and structural improvement in 

public health, the identification of water contaminants has shifted from 

microbiological to chemical (Calderon, 2000). However our knowledge of 

chemical contaminants is still inadequate and largely based on localized 

evidence (Fawell, 2012). Of the hundreds of identified chemicals, scientific 

research examining the health effects in humans through ingestion of 

contaminated water have been limited (Barrett, 2014) and the interpretation 

of data remain confusing (Calderon, 2000). 

 

Chemical contaminants can reach water from a number of potential sources 

(Fawell, 2012). Based on the primary source of contaminants, WHO (2011) 

describes five main sources of chemical contaminants. These are natural 

sources, effluent from industries and households, agricultural activities, result 

of water treatment, and following use of pesticides for public health purposes  

(Table 3.2). Not all of the contaminants have health concerns and some, such 

as calcium and magnesium, may even be beneficial. Moreover substances, 

such as copper, fluoride, selenium, manganese and chromium, are essential 

for health but if consumed at high enough levels can produce adverse health 

effects (Fawell, 2012). In the existing WHO guideline some naturally 

occurring chemical contaminants such as sodium or chloride in water are not 

considered of health concern. However a threshold value for taste 

acceptability above about 200mg/L for sodium has been proposed (WHO, 

2011). 
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Table 3.2: Sources of chemical contaminants in water 

 
Source of 

contaminants 
Example sources Example 

constituents 

Naturally occurring Rocks, soils and the 

effects of the geological 

setting and climate 

Arsenic, Barium, Boron, 

Chromium, Fluoride, 

Selenium, Uranium, 

Microcystin-LR;  

Industrial sources 

and human 

dwellings 

Mining (extractive 

industries) and 

manufacturing and 

processing industries, 

sewage (including a 

number of 

contaminants of 

emerging concern), 

solid wastes, urban 

runoff, fuel leakages 

Cadmium, Mercury, 

Benzene, Carbon 

tetrachloride,  

Agricultural 

activities 
Manures, fertilizers, 

intensive animal 

practices and pesticides 

Endrin, Chlordane, 

Chlorotoluron, 

Chlorpyrifos 

Water treatment or 

materials in contact 

with drinking-water 

Coagulants, DBPs, 

piping materials 

Chlorine/ hypochlorous 

acid (hypochlorite), 

Chloramine, Ozone 

Pesticides used in 

water for public 

health 

Larvicides used in the 

control of insect vectors 

of disease 

DDT and metabolites 

Source: Adapted from WHO, (2011) 

Health implications from chemical contamination of water are not only 

limited to direct ingestion but also triggered by changes in water quality, and 

therefore more likely to pose considerable burden than predicted (Prüss-

Ustün et al., 2011). The estimate of global burden of disease is largely based on 

microbial contaminants in water (Bartram & Cairncross, 2010; Prüss-Üstün et 

al., 2008) and no published estimates are available of the global burden of 

disease that is contributed by chemical contaminants in water (Kjellstrom et 

al., 2006). In specific local areas, chemicals in water may pose considerable 

health burden, for example the case of arsenic contamination in drinking 

water in Bangladesh (Kjellstrom et al., 2006). Widespread arsenic 

contamination in drinking water in Bangladesh has been identified as the 

largest mass poisoning in human history (Jiang et al., 2012).  
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In 61 districts, of the total 64 in Bangladesh, arsenic level in groundwater has 

been observed above the WHO recommended maximum allowable limit of 

50ug/L resulting in about 80 million people being at risk and another 30 

million people potentially exposed to arsenic poisoning (Safiuddin, Shirazi, & 

Yusoff, 2011). Arsenic-contaminated drinking water in Bangladesh alone 

contributed to 9,100 deaths and 125,000 DALYs in 2001 from different 

chronic illnesses including diabetes mellitus, ischaemic heart disease, lung 

cancer, and bladder, kidney and skin cancer. The estimated burden of disease 

therefore represents a significant part of the global burden from arsenic in 

drinking water (Prüss-Ustün et al., 2011). The health consequences and 

mortality risk from arsenic contamination are significant particularly in large 

rural populations (almost 75 percent) who depend solely on groundwater for 

drinking purposes (Jiang et al., 2012, Argos et al, 2010). Along with the 

arsenic crisis in coastal Bangladesh increasing contamination of surface and 

groundwater due to seawater intrusion, therefore higher water salinity, has 

been a growing concern. While more than 35 million people living in the 

coastal areas of Bangladesh are potentially vulnerable to high salinity in water, 

one-third (12 million) of them are directly affected by salinity making them at 

risk of several health effects following this change in water quality 

(BanDuDeltAS, 2015a) 

3.4 Water salinity and health risks        

 
Water salinity is an attribute of the total concentration of soluble inorganic 

ions (Cañedo-Argüelles et al., 2013) and is largely attributed to sodium and 

chloride (CSIRO, 2008). Electrical conductivity (EC) i.e. capacity of a solution 

to transmit electrical current, measured in Siemens per meter, is routinely 

used to measure salinity (Cañedo-Argüelles et al., 2013). Other measures of 

salinity include milligrams per liter of total soluble or dissolved solids (TSS or 

TDS) (Water and Rivers Commission, 2000).  

 

Water salinity is a result of the complex combination of natural and 

anthropogenic processes, including river flow, tides, precipitation, estuarine 

circulation, water and land management practices, as well as sea-level rise and 
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other climatic variables (Cañedo-Argüelles et al., 2013; Khan et al., 2011). 

Water resources in all the eleven Asian mega-deltas and other large deltas 

such as the Nile and Mississippi are vulnerable to saline intrusion, therefore 

posing a significant threat to a large proportion of the population faced with 

declining quality and quantity of freshwater (Nicholls et al., 2007). Figure 3.2 

shows drinking water vulnerability of major coastal deltas in Asia, more 

specifically in Southeast Asia. This vulnerability assessment was conducted 

based on the elevation above the sea level, changes in rainfall pattern, 

frequency of cyclones, availability of groundwater, geomorphological 

characteristics of deltas and population density. Based on this assessment the 

deltas are further categorized into high, medium and low salinity vulnerable 

areas in terms of availability of fresh groundwater at shallow or deeper depths 

(Hoque et al., 2016).  

 

More importantly drinking water in the Ganges-Brahmaputra delta of 

Bangladesh and the Mekong and Red River deltas of Vietnam are highly 

vulnerable to saltwater intrusion. It is noteworthy that populations especially 

in low-income countries, where natural surface and ground waters are 

predominantly consumed and appropriate water treatment may not be 

feasible, are more likely to be more highly affected from higher drinking water 

salinity (Khan et al., 2011; Vineis et al., 2011). Exposure to high salinity can 

happen not only through drinking water but also through other indirect routes 

such as cooking, bathing and occupation (e.g. shrimp farming in Bangladesh) 

(Vineis et al., 2011). Despite the widespread and growing problem of water 

salinity and potential extent of the population affected, evidence on human 

health effects of water salinity remains scarce (Vineis et al., 2011).  
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Figure 3.2 Drinking water salinity vulnerable areas along the Asian coasts.  
Source: Hoque et al., (2016) 
 

Health risks of increased water salinity can be seen following direct 

consumption, indirectly due to changes in water quality and in creating 

favourable condition for vectors. Higher drinking water salinity has been 

linked with increasing numbers of cases of diarrhea. The longer survival of 

cholera pathogen, Vibrio cholera, in saline water is likely to pose more 

frequent outbreaks of cholera (World Bank, 2013, Khan et al., 2011). Moreover 

due to unavailability of safe freshwater or unpleasant tastes due to higher 

salinity, people may use contaminated water for drinking, which can also lead 

to diarrhea and water-borne diseases such as cholera (Abedin et al., 2012; 

Hunter et al., 2010). This use of contaminated water is also influenced by 

access to safe water. Research in coastal Bangladesh showed that people tend 

to opt for unsafe water when they had to travel more than 2km and collection 

time was more than 2 hours (Islam et al., 2011).  Such circumstances are not 

rare in coastal Bangladesh as many areas suffer from moderate to severe 

freshwater scarcity (Abedin and Shaw, 2013).  

 

Furthermore, physical health problems to collect and transport safe, for 

example, saline free water are likely to be enormous but no systematic studies 
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have examined such linkage (Hunter et al., 2010). Women including pregnant 

and lactating mothers, adolescent girls and children are usually responsible 

for collecting and transporting heavy containers of drinking water from 

distant sources (Abedin et al., 2012). In some areas in coastal Bangladesh 

households members travel up to 5km to collect drinking water posing 

additional health burdens especially on women (Azam and Sarker, 2012). 

 

Health problems reported among populations in coastal Bangladesh that may 

relate to high salinity drinking water include hypertension, preterm delivery 

due to pre-eclampsia, acute respiratory infections and skin diseases (BCAS, 

2008). Other research in similar settings has reported a positive correlation 

between higher salinity, and skin diseases and malnutrition (CCC, 2009). 

Among the reported health problems, the potential risk of increasing blood 

pressure from drinking water salinity has been a growing concern for large 

populations in low-lying coastal areas, especially in low-income countries 

(Vineis et al., 2011) 

 

A study conducted in the Dacope sub-district in Bangladesh reported that 

drinking water alone contributed to daily consumption of sodium up to 16g in 

the dry season, which was significantly higher than daily recommendation 

level of 2g of dietary sodium intake. This was linked with a higher proportion 

of hypertension in pregnant mothers in the dry season (12.20%) compared to 

the wet season (5.09%). Hypertension in pregnancy has potential adverse 

effects on maternal and fetal health, including impaired liver function, 

intrauterine growth retardation, and preterm birth (Khan et al., 2011).  

 

Saltwater intrusion and expansion of brackish water bodies in coastal zones 

can increase the densities of salinity-tolerant mosquitoes. The recent findings 

suggest that malaria and dengue mosquito-vectors possess the capacity to 

tolerate salinity variations and undergo preimaginal development in brackish 

waters (Ramasamy & Surendran, 2012). In coastal areas the density of 

salinity-tolerant mosquitoes like Anopheles sundaicus, the vector of malarial 

parasites, and Culex sitiens, the vector of Japanese encephalitis virus and Ross 

River virus, can grow as brackish and saline water bodies expand due to sea 
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level rise. Moreover freshwater mosquitoes like Aedes aegypti and Aedes 

albopictus, vectors of dengue fever, and Anopheles culicifacies and Anopheles 

stephensi, the vectors of malarial parasites, can adapt themselves to saline 

water (Ramasamy & Surendran, 2012).  

 

Furthermore, larvicides used in fresh water have found to be less effective in 

brackish waters therefore posing additional challenges for public health 

professionals to deploy appropriate control programs. For example, Bacillus 

thuringiensis, a soil-based bacterium commonly used in the dengue vector 

control program in Jaffna peninsula, Sri Lanka, is less effective against Aedes 

aegypti larvae at salinities in the range of 8–14ppt (Ramasamy & Surendran, 

2012). On the other hand, it is also possible that rising salinity in coastal water 

bodies may reduce disease transmission by mosquito vectors as freshwater 

species undergo preimaginal development. Given the slow rate of rise in sea 

levels, and confounding factors such as improvements in disease prevention 

and treatment, the potential impact of rising sea levels on mosquito vector-

borne diseases is yet to be established (Ramasamy & Surendran, 2012).  

 

Salinity also hampers normal crop production (Abedin et al., 2012). Saltwater 

intrusion in coastal areas results in reduced availability and productivity of 

agricultural land leading to food insecurity (Khan et al., 2011). Lack of fresh 

irrigation water and soil degradation due to salinity decreases crop production 

(Abedin et al., 2012). In a southwestern coastal district of Bangladesh, 

Sathkhira, an almost 70% decline in the rice production between 1985 and 

2003 was recorded (Khan et al., 2011). Following sea level rise in coastal 

Bangladesh a loss of 14000 and 252,000 tons of crop production is predicted 

for 2030 and 2075 respectively. Under a low emission scenario (B1), the per 

capita food grain production from 574 grams per person per day is estimated 

to decrease by almost 35% and 33% for 2050 and 2080, respectively. Under 

the high emission scenario (A2), there will be more than a 50% reduction of 

food production per person per day for both the years (Khan et al., 2011). The 

decrease in food production and food security is likely to exacerbate adverse 

health effects, especially on women and children.  
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Other than water salinity, in Western Australia, dryland salinity (not through 

drinking water) has been linked with several human health problems 

including increase in wind-born dust related respiratory illnesses, growing 

risk of salinity-augmented mosquito-borne diseases such as Ross River virus, 

and increase in psychosocial health consequences of salinity induced 

environmental degradation (Jardine et al., 2007; Vineis et al., 2011). 

 

In this research the outcome of interest is risk of high water salinity on blood 

pressure. The subsequent discussion in this chapter will cover salt 

consumption, drinking water salinity (as indicated by sodium) with specific 

focus on risk of high blood pressure. 

 

Salt and health 

 

The causal link between salt (sodium) consumption and rise in blood pressure 

(BP) is strongly evident from scientific research (He et al., 2013; Aburto et al., 

2005). Sodium and its accompanying anions, mainly chloride and 

bicarbonate, determine the extracellular fluid volume while potassium largely 

accounts for intracellular fluid volume. Sodium concentration in plasma is 

maintained by the water content, itself depending on water intake (thirst or 

habit), “insensible” losses, and urinary dilution. Under normal conditions, 

blood sodium concentrations are maintained in the narrow range of 135-145 

mmol/L despite great variations in water and salt intake (Hall, 2011). 

Intravascular fluid volume expansion and vascular dysfunction, both resulting 

from increased sodium intake lead to a rise in blood pressure (Koliaki & 

Katsilambros, 2013). Moreover strong correlations between sodium intake 

and left ventricular hypertrophy, arterial stiffness and arteriosclerotic 

thickening of vessel walls, abnormally increased platelet aggregation, kidney 

failure, renal stones, osteoporosis and stomach cancer have been reported in 

experimental and clinical studies (He & MacGregor, 2008; Koliaki & 

Katsilambros, 2013).  

 

High blood pressure is the most important cause of cardiovascular diseases 

(He & MacGregor, 2008) and the second leading cause of end-stage renal 
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disease (IOM, 2005). High blood pressure or hypertension is responsible for 

at least 45% of deaths due to heart disease, and 51% of deaths due to stroke 

(WHO, 2013). Globally, complications of hypertension contribute to more 

than half of the 17 million cardiovascular disease related deaths every year 

(Lim et al., 2013).  

 

Blood pressure is considered an important biomarker for several diseases of 

substantial public health importance. Results from the most rigorous dose-

response trials have demonstrated a progressive, direct effect of dietary 

sodium intake on blood pressure in normotensive and hypertensive 

individuals (IOM, 2005). Furthermore, a direct relationship between blood 

pressure and the risk of cardiovascular diseases (specifically stroke and 

coronary heart disease) and end-stage renal disease have been established 

from epidemiological research. The relationship of blood pressure to these 

diseases has been characterized as “strong, continuous, graded, consistent, 

independent, predictive, and etiologically significant” (IOM, 2005). The 

scientific evidence for other endpoints or adverse effects of increased salt 

consumption including clinical cardiovascular outcomes (i.e., stroke and 

coronary heart disease), subclinical cardiovascular outcomes (i.e., left 

ventricular mass), and noncardiovascular outcomes (e.g., urinary calcium 

excretion, osteoporosis, gastric cancer, and asthma) is still insufficient or 

inconclusive (IOM, 2005).  

 

As food is the major source of dietary sodium; epidemiological studies 

assessing the health effects of increased intake through water have been 

scarce (Calabrese, 1983; Khan et al., 2011). Water may contribute to ~10% of 

total sodium intake (Pomeranz et al., 2000). However, in the case of young 

children this estimate is likely to be much higher as drinking water can 

contribute up to 44% of total sodium intake. In populations who are on 

sodium restriction, drinking water may account for 64% of total intake 

(Pomeranz et al., 2002).  

 

Available figures mostly from developed regions indicate that the sodium 

content of drinking water varies widely from less than 20 mg/L to above 250 
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mg/L (WHO, 2003). However salinity level i.e. sodium content in both surface 

and ground waters in many low-lying coastal countries is rising due to 

climate-induced sea level rise (Vineis et al., 2011). For example, in coastal 

areas of Bangladesh salinity (sodium) levels in surface water have been 

observed as high as 12,900 mg/L during the dry season. Therefore people in 

this area may be consuming more than 25g salt (sodium) daily from drinking 

water alone, which is already significantly higher (more than ten times) above 

the daily recommended level (2g/day) (Khan et al., 2011). This increasing level 

of saline water contamination is likely to have detrimental effects on 

livelihoods and population health.  

3.4.1. Drinking water sodium and blood pressure: a review of 

evidence1  

 
Given the extent of the water salinity problem and exposure to high water 

salinity in low-lying deltas, as well as known relationship between high salt 

consumption and adverse health effects (e.g. blood pressure) it is imperative 

to examine the existing evidence on effects of water salinity on blood pressure. 

In the following section a systematic review of epidemiological studies 

provides an overview of the existing evidence on relationship between sodium 

content in water and blood pressure and identifies potential research needs. 

The review findings also support methodological aspects of the current 

research.  

 

Methods 

 

A literature search was conducted using the electronic databases PubMed 

(National Library of Medicine 2011), Scopus (Elsevier 2011) and Web of 

                                                        
1 A systematic review and meta-analysis relating to this section was published in the 

Archives of Environmental and Occupational Health  -  

Talukder, M. R. R., Rutherford, S., Huang, C., Phung, D., Islam, M. Z., & Chu, C. 

(2016). “Drinking water salinity and risk of hypertension: A systematic review and 

meta-analysis”. Archives of Environmental and Occupational Health, DOI: 

10.1080/19338244.2016.1175413 
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Science (Thomson Reuters 2011) to identify the journal articles published in 

English since 1960. Some previous review articles were also included, as they 

were found relevant on the said topic. The key words used were "blood 

pressure", "water", "saline water", "water salinity", "drinking water", 

"sodium", "salt", and "sodium chloride". References and citations of the arti-

cles identified were inspected to ensure inclusion of all the relevant articles. 

Articles were selected based on the following criteria: human studies that 

considered drinking water sodium as exposure and blood pressure as the 

outcome; reported a correlation coefficient (r) or quantitative measure for the 

association; and published in peer-reviewed journals. Reviews and qualitative 

studies, and books, reports, and conference abstracts were excluded. 

 

Findings 

Sixteen studies were included in the analyses. The characteristics of the 

studies are mentioned in Table 3.3 with the most recent listed first. The 

majority of the studies were conducted in children aged between 8-18 years. 

With one exception (Khan et al. 2011) all the studies were conducted in 

developed countries. One study was conducted with young infants (< 2 

months) and two others included populations older than children. Cross-

sectional and ecological study designs were adopted for the majority of the 

studies (n=11). Two studies had an experimental design and two others were 

prospective or retrospective follow-up studies. One study followed a 

retrospective case control study design. Of the cross-sectional studies, five 

studies showed statistically significant positive association between water 

sodium content and blood pressure. However two of them demonstrated 

partial association; in females (Hallenbeck, 1981), and on SBP and Mean 

arterial pressure (MAP) (Pomeranz, 2000). Evidence from the follow-up study 

(n=1) and experimental research (n=1) further supported this relationship 

(Calabrese and Tuthill, 1985).  
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Table 3.3: Characteristics of the studies on the relationship between blood pressure and drinking water sodium  
Reference Year Country, Study 

population (Number, 

age, sex) 

Study type Exposure Main findings 

Tuthill and 

Calabrese 

1979 USA, Massachusetts, 606 

high school students, boys 

and girls, Median age- 12.7 

years 

Cross-sectional 

study 

The two communities had 

sodium levels in the public 

drinking water of 8 mg/L 

and 107 mg/L, respectively 

Females exhibited a blood 

pressure distribution pattern 

characteristic of persons 10 yr 

older, while for males the upshift 

was similar to that of a group 

approximately 2 yr older. 

Jones et al. 1979 Texas, Houston, hospital 

based, 537 toxemic 

pregnant mothers (cases) 

with equal number of non-

toxemic control 

Retrospective case 

control study 

Sodium content in water – 

19-250mg/L 

No significant effect of water 

sodium on blood pressure 

observed.  

Hofman et al. 1980 Netherlands, 348 primary 

school children, boys and 

girls, 7.7-11.7 years 

Retrospective 

follow up study 

High- 161 mg/L Significantly higher SBP and DBP 

(high vs. low), ranges from 1.8-

4.0 mm Hg 

Hallenbeck et 

al. 

1981 Chicago, 638 high school 

students, boys and girls, 

Third and fourth year 

students 

Cross-sectional 

study 

Comparison of water 

sodium content between 

two communities (107 

mg/L vs 8 mg/L)  

SBP- no significant difference, 

significant difference of DBP in 

female- mean difference 2 mm Hg 

Armstrong et al.  1982 Western Australia, 635 high 

school students, boys and 

girls, 12-14 years 

Cross-sectional 

study 

Comparison of water 

sodium content in six 

towns (34mg/L to 

223mg/L) 

Blood pressure- no association; 

no consistent increase in BP with 

increased sodium water 
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Reference Year Country, Study 

population (Number, 

age, sex) 

Study type Exposure Main findings 

Faust S. Halley 1982 USA, Michigan, 295 

participants, Male and 

female, Both children and 

adult (</>= 18 years) 

Cross-sectional 

study 

Exposed to high sodium in 

water (167.8 mg/L) 

Blood pressure- no association; 

24-hr sodium excretion and MBP- 

positive;  

Pomrehn et al. 1983 USA, Iowa communities, 

2152 school children, boys 

and girls, Children in grades 

2-5  

Cross-sectional 

study 

Comparison of water 

sodium content in eight 

communities (<10mg/L to 

>300mg/L) 

Blood pressure- no association; 

Pooled adjusted means of SBP 

(high vs low) (98.9 vs 98.5, 

p=0.38) and DBP (62.7 vs. 61.8, 

p=0.05) 

Robertson 1984 UK, Scunthorpe Health 

District, 2740 school 

children, boys and girls, 14-

15 years 

Cross-sectional 

study 

Comparison of water 

sodium contents among 

high (105mg/L), medium 

(50mg/L) and low 

(15mg/L) areas 

No statistically significant 

difference in blood pressures of 

children in the different areas 

revealed.  

Lackland et al. 1985 USA, South Carolina, Male 

and female, All age groups 

Cross-sectional 

study 

Drinking high sodium 

content public water 

(>=100mg/L) 

Negative association with SBP 

and DBP 

Tuthill and 

Calabrese 

1985 USA, Massachusetts, Tenth 

graders 

Cross-sectional 

study 

High (42mg/L) vs low  

(6mg/L) sodium in water  

No significant change in BP 

Calabrese and 

Tuthill 

1985 USA, Massachusetts Randomized 

clinical trial 

High- 110mg/L, Low-

10mg/L 

Females showed a decrease in BP, 

but male did not show any effect 
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Reference Year Country, Study 

population (Number, 

age, sex) 

Study type Exposure Main findings 

Welty et al. 1986 USA, Arizona community, 

717 participants, Male and 

female, 6-74 years 

Cross-sectional 

study 

Exposed to high sodium in 

water (440mg/L) 

Blood pressure- no association; 

for each category mean SBP and 

DBP in both sexes were below the 

reference NHANES value except 

the SBP in 55-64yrs age group 

Tuthill and 

Calabrese 

1989 USA, Massachusetts, 532 

school children, boys and 

girls, 8th to 10th grades  

Prospective study 

(Before-after) 

Compare effect of reducing 

water Na level (120mg/L to 

35mg/L) between two 

communities with growing 

age 

Reduction in water Na level was 

not associated with any 

significant change in BP 

Pomeranz et al. 2000 Israel, 956 school children, 

boys and girls, fourth and 

fifth graders 

Cross-sectional 

study 

Comparison of water 

sodium content in three 

regions; Low-25mg/L, 

Medium- 35mg/L, High- 

196mg/L 

Significant increase in SBP, MAP, 

no association with DBP 

Pomeranz et al. 2002 Israel, 58 infants, 0-2 

months, Hospital based 

study 

Randomized 

clinical trial 

Infant formula diluted with 

sodium content water; 

Low- 32mg/L, High- 

196mg/L 

Significant increase in SBP and 

DBP at 8 weeks in HSTW group; 

when reverted to high sodium 

water BP in low Na group also 

increased 

Khan et al. 2011 Coastal areas, Bangladesh, 

969 Pregnant mothers (13-

45 years) 

Cross-sectional 

study 

Mean salinity level 

2600mg/L (wet season) to 

8210mg/L (dry season) 

depending on source; 

Maximum 12,900mg/L 

Higher proportion of blood 

pressure during dry (12.20%) 

than wet (5.09%) season 
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Reference Year Country, Study 

population (Number, 

age, sex) 

Study type Exposure Main findings 

Khan et al. 2014 Coastal areas, Bangladesh, 

cases- 202 pregnant women 

(13-45 years); control- 1006 

pregnant women 

Case-control study High sodium level- 

516.6mg/L, SD (524.2)  

Women consuming tube-well 
(groundwater) were at a higher 
disease risk than rainwater users 
(p<0.001). 
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This review of epidemiological studies suggests a potential effect of water 

sodium on human blood pressure despite methodological drawbacks in those 

studies included (such as not being blinded to exposure, not controlling for 

potential confounding factors). Although findings for a number of cross-

sectional studies did not reveal any relationship between drinking water 

sodium and systolic and diastolic blood pressures, the available evidence is 

insufficient to rule out a contribution of sodium in water. By study design, the 

evidence of association from cross-sectional studies is considered weak. 

However these studies provide valuable information for further investigation 

through hierarchical study design of prospective or retrospective type. The 

most convincing evidence that support such a relationship, at least for young 

infants and children, was demonstrated by randomized trials (Pomeranz et al. 

2002, Calabrese and Tuthill, 1985). Evidence from observational studies and 

clinical trials has already demonstrated the direct relationship between 

increased salt intake and high blood pressure (He & MacGregor, 2008; Koliaki 

& Katsilambros, 2013). For example, a population-based observational study 

by Intersalt Research Group showed that every increase of sodium intake by 

100 mmol (2.3 g)/day led to an increase of SBP by 3–6 mmHg in both 

normotensive and hypertensive individuals (Koliaki & Katsilambros, 2013).  

 

With the exception of a recent study in coastal Bangladesh (Khan et al., 2011), 

the highest level of sodium in water in this review was reported around 

400mg/L. The study in coastal Bangladesh showed that the average level of 

sodium in surface water and shallow groundwater during dry season ranged 

from 2600 to 8200 mg/L. Therefore assuming 2L of water consumption the 

average total intake from drinking water alone was 5.2-16.4g sodium (salt) 

intake/day (Khan et al., 2011), which is already much higher (more than 2-8 

times) than the current dietary recommendations (2g/day) (WHO, 2012). In 

this study drinking of high saline water was associated with a higher 

proportion of hypertension in pregnancy during dry season.  

 

Such contamination of freshwater resources in low-lying coastal areas 

resulting in upward shift of blood pressure may lead to hypertension and pre-

hypertension in large populations living in these areas. Moreover the current 
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recommendations for prevention of hypertension emphasizes reducing salt 

intake from diet only and a health based target for water sodium level is yet to 

be established. Dietary interventions focusing on the reducing salt 

consumption from food only may not be adequate for populations who are 

already exposed to a high level of sodium from water.  

3.5 Conclusion 

 

Unsafe water (including for sanitation and hygiene) accounts for a significant 

proportion of preventable disease burden globally. Data on disease burden 

due to use of unsafe water is mainly based on microbial contamination yet 

data on health effects from chemical contamination is scarce and current 

classifications of water related health problems are less focused on chemical 

contamination of water.  For some areas, chemical contaminants, for example 

arsenic contamination in drinking water in Bangladesh, are associated with 

considerable disease burden. For some chemicals, such as fluoride, calcium, 

and sodium, small amounts are necessary for optimum body function. 

However widespread elevated levels can lead to substantial population health 

problems.  

 

Increasing water salinity i.e. water sodium content, is an emerging problem 

especially in low-lying coastal areas due to sea level rise and other climate 

change related impacts such as reduced river flows. For example, in coastal 

areas of Bangladesh salinity (sodium) level in surface water has been reported 

as high as 12,900 mg/l during the dry season. Therefore people in this area 

may be consuming more than 25g salt (sodium) daily from drinking water 

alone. This is more than 10 times high above the daily-recommended level of 

2g sodium (5g salt/day) intakes for adult. Despite such disturbing findings, 

data on health effects of water salinity is limited.  

 

One important health effect related to dietary salt consumption and hence 

logically also related to water salinity is high blood pressure, however 

epidemiological research examining the effect of drinking water sodium 

(water salinity) on blood pressure is limited. Those studies that have 
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examined such relationships have largely been conducted in children, almost 

all of them are from developed country settings, and findings are conflicting.  

Strengthening evidence for health guidelines is required given the projections 

for increased SLR due to climate change linked to saltwater intrusion and 

increased salinity in drinking water. As outlined in Section 2.3.1, this is likely 

to be a particular problem in coastal delta areas of countries such as 

Bangladesh. The next chapter describes water supply and use status in 

Bangladesh particularly in coastal Bangladesh.    
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Chapter 4 - Water supply in climate change 
vulnerable coastal Bangladesh 

 

4.1 Introduction 
 

Provision of safe water supply is one of the most important determinants of 

public health. Both governance and institutional arrangements play important 

roles in the management of safe water supply and a coordinated effort among 

relevant institutions is imperative for effective management of water 

resources. This chapter first examines the water governance and institutional 

arrangements in the water sector in Bangladesh, and explores current 

challenges for safe water supply and provision. The chapter then provides 

context to the water supply challenges by providing information on coastal 

areas of Bangladesh, which is the study location for this research. 

 

4.2 Water governance and water supply in Bangladesh 

4.2.1 Water governance 

 

Historically water sector management in Bangladesh was institutionalized and 

rolled out with the purpose to increase agricultural production (Gain and 

Schwab, 2012). The Bangladesh Water Development Board (BWDB) took over 

the responsibility for planning and management of water resources in 1971 

after the independence of Bangladesh. Post 1971 there was a shift in the 

Master Plan for management of water resources from surface to ground water 

for irrigation and the Government of Bangladesh initiated institutional reform 

in the water sector (Gain and Schwab, 2012). Subsequently a Master Plan 

Organization (MPO) was established in 1980 (BanDuDeltAS, 2015a). Until the 

late 1980s, a within sector approach was followed for development in the 

water sector with limited inter-sectoral communication and decision-making 

was highly centralized (Gain and Schwab, 2012). The role of water in other 

sectors, such as domestic water supply and sanitation, fisheries, navigation, 

industrial use, hydropower, ecology and disaster management, was mostly 
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neglected. Sectoral solutions mostly followed structural engineering 

approaches as guided by the civil engineering staff (Gain and Schwab, 2012). 

 

In 1992 the MPO became the Water Resources Planning Organization 

(WARPO). The WARPO, being an inter-sectoral body, has started with a 

mandate to ‘evolve national policies and strategies for utilization and 

conservation of water by all’ (WARPO, 2016). In 1994 the Ministry of Water 

Resources (MoWR) approved a policy document outlining People’s 

Participation in all Water Development Projects (Chadwick and Datta, 2003). 

Through enactment of the Upazila Parishad Act, in 1998, the Government of 

Bangladesh delegated responsibility for the development of the water 

resources sector to local government institutions (LGIs), in particular relating 

to planning and management of small-scale water resources schemes below 

1,000 ha (MoWR, 1999). In 1999 the National Water Policy (NWPo) was 

formulated (MoWR, 1999).  

 

The adoption of the NWPo was a milestone towards good governance of water 

resources in Bangladesh. Underscoring institutional reforms NWPo stated the 

role of the government, the private sector and of civil society in the 

management of water resources. The policy statements were aimed to ensure 

progress towards fulfilling national goals of economic development, poverty 

alleviation, food security, public health and safety, protection of the natural 

environment and improvement of living standards for the people (MoWR, 

1999). To facilitate the implementation of the NWPo, in 2001, a 25-year 

National Water Management Plan (NWMP) was developed as the basis for 

future water management, which was approved by the National Water 

Resource Council (NWRC) in 2004. The NWMP highlights the multiple uses 

of water and focuses on the shift from “hardware engineering solutions” to a 

“soft” management approach for water resources (not only concentrating on 

flood protection but also irrigation, drinking water and other uses) (MoWR, 

2001). More recently, in 2013, the Bangladesh Water Act was passed as a 

means to integrating the management, development, utilization and 

protection of water resources (Government of Bangladesh, 2013). 
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While policy analysis indicates an increase in decentralized decision-making 

in the water sector over time, the stakeholders in this sector still perceive a 

centralized decision process (Gain and Schwab, 2012). According to the Asia 

Water Governance Index compared to other Asian countries, Bangladesh 

scored low in respect to decentralization achievement (Araral and Yu, 2010). 

Though the Government of Bangladesh further emphasized delegation of 

more responsibilities to local institutions in the NWPo, there is a concern 

regarding implementation of these policies and belief that governance in the 

water sector will continue as a centralized regimen. Low trust in government 

policies and low political and legal accountability in the country is a major 

reason for this view (Gain and Schwab, 2012).  

 

In Bangladesh, the water sector is highly vulnerable to climate related changes 

(MoEF, 2005). The most damaging effects are inland and coastal flooding, 

seasonal variation in water level and flows, droughts and salinity intrusion 

(MoEF, 2009). Climate change impacts on water have increasingly become 

recognized in its policy documents. Although the NWPo does not identify 

climate change impacts these have been acknowledged in the National 

Adaptation Program of Action (MoEF, 2005; Gain and Schwab, 2012). 

Climate change and sea level rise impacts are also part of the NWMP, which 

directs the implementation of NWPo (MoEF, n.d.). The NWMP focuses on 

both structural and non-structural measures to tackle water related disasters 

including flood and drought. The management plan also includes formulation 

of climate change scenarios and criteria for assessing vulnerability and 

appropriate options to reduce vulnerability (MoWR, 2001). Besides this the 

other major policies that address climate change and water resource 

development are the Bangladesh Climate Change Strategy and Action Plan 

(BCCSAP) 2009 and the Poverty Reduction Strategy Paper (PRSP) (MoEF, 

n.d.).  

 

Another policy, pertinent to this research setting, is the Coastal Zone Policy 

(CZPo) that was adopted in 2005 with an aim to improve coastal population 

livelihoods in a sustainable manner, reduce their vulnerability to natural 

disasters and climate change, and conservation of the coastal ecosystem 
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(MoWR, 2005). Subsequently, the Coastal Development Strategy (CDS) was 

developed in 2006 to set strategic priorities and actions in implementation of 

the CZPo. The key principle of the CZPo was coastal development through 

Integrated Coastal Zone Management. One of the nine strategic priorities was 

ensuring fresh and safe water availability in the coastal areas. However coastal 

zone management initiative failed to show significant progress after 2006 

(BanDuDeltAS, 2015b).   

 

Underpinning disaster and climate change resilient sustainable development 

Bangladesh’s Seventh Five-year Strategic Plan (FY2016- FY2020) also gives 

emphasis on sustainable use of natural resources including water (Ministry of 

Planning, 2015). The plan also coincides with the announcements of the 

United Nations post-2015 SDGs. The proposed five-year plan aims to ensure 

safe drinking water for all while it also identifies several challenges of the 

water sector that include increasing demand for growing population, shortage 

of surface water, over abstraction of groundwater, trans-boundary water 

sharing and river management, participatory water management through 

cross sectoral collaboration, damages from natural disasters and potential 

climate change impacts (Ministry of Planning, 2015). More specifically the 

target of “safe drinking water for all” will be extremely challenging in coastal 

Bangladesh where safe water is already scarce (discussed below) and as 

indicated in Chapter 2.4.3 the projected climate change and sea level rise are 

posing serious threats to freshwater resources.  

 

In 2014 the Government of Bangladesh (GoB) has initiated the Bangladesh 

Delta Plan (BDP) 2100 with the assistance of the Government of the 

Netherlands. This represents long-term Adaptive Delta Management focusing 

on water with a multi-sectoral techno-economic plan for Bangladesh’s delta 

region (Bangladesh Delta Plan, 2016). The Delta Plan is grounded in a long-

term vision of the Delta’s future taking into account uncertainties in future 

developments in the context of climate change, socio-economic development, 

population growth and regional cooperation. This plan focuses on integration 

of all delta-related sector plans and policies for the long term, and promoting 

multi-lateral coordination for project implementation and management, and 
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harmonizing regional and local development plans with the national plans for 

agriculture, water management, environmental affairs, ecosystem 

management, urbanization, and tourism. The BDP ultimately aims to develop 

a Delta Framework for permanent delta governance in Bangladesh 

(Bangladesh Delta Plan, 2016). 

 

The above policy descriptions imply that a coordinated effort between all 

government and non-government organizations related to the water sector are 

essential in order to adapt to changing climate impacts. Effective institutional 

arrangements play a key role in the effective planning and management of 

water resources to cope with the changing climate (MoEF, n.d.). 

4.2.2 Institutional arrangements 

 

A schematic representation of the institutional framework for the water sector 

in Bangladesh is shown in Figure 4.1.  

 

The National Water Resources Council (NWRC) is the highest coordination 

body of the water sector in Bangladesh (Chowdhury, 2010). The Ministry of 

Water Resources (MoWR) is the apex body of the Government of Bangladesh 

for development and management of all the water resources of the country. It 

is involved in formulation of policies, plans, strategies, guidelines, and 

regulations, relating to the development and management of water resources, 

and regulation and control of the related institutions (Faneca et al., 2015). The 

Water Resources Planning Organization (WARPO) is an apex organization 

under the MoWR dealing with nationwide water resources planning and 

serves as the Executive Secretariat of the Executive Committee of NWRC 

(ECNWRC) with multidisciplinary professionals from water users of different 

sectors (WARPO, 2016).  

 

WARPO provides administrative and technical support to ECNWRC for 

planning and updating of the National Water Management Plan (NWMP), 

regular maintenance of the National Water Resources Database (NWRD) and 

Management Information System (MIS) in the water sector and monitoring 
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conformity of all water sector projects (MOWR, 1999). WARPO also hosts the 

Program Coordination Unit (PCU) for Integrated Coastal Zone Management 

(ICZM) and is responsible for overall implementation of development 

strategies guided by the Coastal Zone Policy (MoWR, 2005). The Bangladesh 

Water Development Board (BWDB) executes the WARPO’s plans for the 

water sector at the national and regional level (Chadwick & Datta, 2003, 

Chowdhury, 2010). BWDB has been given the responsibility of carrying out 

the tasks of executing flood control, drainage and irrigation projects to 

increase productivity in agriculture and fisheries as the principal agency for 

managing water resources in the country (Faneca et al., 2015). 

 

Coordination role                      implementation role  

Figure 4.1: Institutional framework for the water sector in Bangladesh. 
Source: Prepared based on Gupta et al., (2005) 

The Ministry of Local Government, Development and Cooperative (MoLGDC) 

leads the water supply and sanitation sector in Bangladesh. Under its 

jurisdiction: (i) the Department of Public Health Engineering (DPHE); (ii) 

Local Government Engineering Department (LGED); (iii) Water Supply and 

Sewerage Authorities (WASA) in metropolitan Dhaka, Chittagong and Khulna 

(Gupta et al., 2005). In addition local bodies, including the Pourashavas in 

urban and the Union Parishads (UPs) in rural Bangladesh under the MoLGDC 

with the support from DPHE carry out relevant activities such as, 

development and management of rural projects including small-scale Flood 

Control Drainage and Irrigation (FCDI) (1000 ha and less), road construction 

and power supply, in this sector.  
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The DPHE is the national lead agency for provision of safe water supply and 

sanitation services across Bangladesh except for the Dhaka and Chittagong 

metropolitan areas (Gupta et al., 2005). The decentralized administrative 

structure of DPHE extends from divisions, districts, sub-districts to Union 

Parishad (i.e. village clusters) (UP) level of public administration. In addition 

DPHE is responsible for the development and promotion of safe water supply 

technologies especially for arsenic affected and other hydro-geologically 

difficult areas (e.g. saline belt). DPHE develops and implements the guideline 

for Bangladesh standard for drinking water quality and supports 

establishment of water testing facilities at different levels and facilitates 

institutionalization of the Water Quality Monitoring and Surveillance program 

throughout the country both in rural and urban areas to ensure safe water for 

the people (DPHE, 2016). It also carries out community mobilization activities 

to promote proper management of water and sanitation infrastructure 

(DPHE, 2016). However it lacks capacity for regular monitoring of water 

quality in hydro-geologically difficult areas (such as salinity affected coastal 

areas).  

 

A large number of non-government organizations (NGOs) are also working in 

the water resources sector in Bangladesh. The NWMP emphasizes the 

inclusion of, and collaboration with, NGOs as important stakeholders for 

advocacy and service delivery in water supply and sanitation at rural and local 

levels. CARE, WaterAid, BRAC, PROSHIKA, NGO Forum etc are a few of the 

important NGOs working in the water sector. Besides these NGOs, UNICEF 

and other international development partners are also involved in the water 

supply and sanitation sector. The NGOs are also involved in some research 

and assessment activities on water resources (Faneca et al., 2015) though not 

in a coordinated way. 

 

In addition, the Department of Environment (DoE) under Ministry of 

Environment and Forests (MoEF) ensures that all water sector projects follow 

the Environmental Impact Assessment (EIA) guidelines. Therefore WARPO 

and DoE share overlapping responsibilities such as setting standards, 
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monitoring compliance, data acquisition and storage (Chowdhury, 2010).  

 

Poor coordination and overlapping roles among different public institutions 

involved with water supply at the national level are potential barriers to solve 

the challenges in this sector (WaterAid, 2011). Planning and service delivery 

are often supply driven with less involvement of the users. Operation and 

maintenance issues receive lower priority by the government agencies (Gupta 

et al., 2005). Moreover the lack of local involvement in water resources 

management has resulted in a lack of competency and technical knowledge of 

local government institutions (Gupta et al., 2005). This is also the case for 

NGOs. Although NGOs play an important role in implementation of the water 

sector programmes, often they do not invest in capacity- building and 

technology transfer processes for the communities they serve. This problem 

may be due to NGOs’ weak institutional framework and inadequate financial 

resources (Azam & Sarker, 2012). Additionally, water sector investments are 

heavily biased towards urban areas with most resources allocated to the major 

cities and central government agencies (WaterAid, 2011). 

4.2.3 Water supply 

 
Groundwater is the major source of domestic, irrigation and industrial water 

supplies in Bangladesh (Gupta et al., 2005) and it is generally considered an 

improved source of drinking water (UNICEF, 2011). In rural areas, people 

access this source from a tube well with a hand pump while in urban areas 

groundwater is generally supplied through piped water systems (UNICEF, 

2011, ISF-UTS, 2011). Groundwater is the source of 80% of the total water 

consumption in agriculture, municipalities and industries (FAO, 2011). Of this 

88% is used in agriculture, 10% in municipalities and 2% in industries (FAO, 

2011). Surface water in rivers, ponds, lakes and water bodies is abundant in 

Bangladesh, especially during the wet season. However pathogenic 

contamination makes these water sources unsuitable for drinking without 

treatment (Hoque, 2009) and hence groundwater sources are more popular 

than surface water. However, high use and extraction of groundwater has 

resulted in depletion of the ground water level in many parts of the country, 

particularly during the dry season (Hoque, 2009). In areas, particularly 
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coastal Bangladesh, where groundwater is already contaminated by arsenic 

(as mentioned in section 3.3) and saltwater, surface water remains the choice 

of drinking water. 

 

Bangladesh is one of the countries that achieved the MDG target of increasing 

access to improved water sources by 2015. According to the Bangladesh 

Demographic Health Survey 2014 around 98% of the population (MDG target 

was 89%) had access to an improved water source (National Institute of 

Population Research and Training, 2016). Figure 4.2 shows Bangladesh’s 

progress towards achieving the MDG target for safe water sources over the 

period 1990-2015. 

 

Figure 4.2 Proportion of the population using improved drinking water 
sources in Bangladesh (1990-2015)  
Source: GoB, (2015)  

However, there are concerns with the interpretation of this data (ISF-UTS, 

2011). Most of the national surveys including Multiple Indicator Surveys 

(MICS) and Sample Vital Registration System (SVRS) indicated that 

Bangladesh have achieved the required percentage for the set goal (GoB, 

2015). According to the MICS 2012-13, 97.8% of the population was using 

water from improved water sources (BBS, 2014). While the SVRS 

administered by the Bangladesh Bureau of Statistics in 2013 showed that this 
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figure was 98.5%, though after adjusting for arsenic contamination in water, 

MICS data indicated that the coverage for using improved water sources was 

only 85% (GOB, 2015). The UN Joint Monitoring Programme for Water 

Supply and Sanitation (UNJMP) reported that only 87% of the population in 

Bangladesh had accessed water from improved sources in 2015 

(UNICEF/WHO, 2015).  These figures indicate that widespread arsenic 

contamination in water (as described in section 3.3) remains a challenge for 

Bangladesh to sustain achievement of the MDG goal with improved water 

sources. Moreover with the emerging contaminants in the environment such 

as increasing salinity in water in coastal areas of Bangladesh, sustaining the 

success of MDG for water supply is likely to be more challenging in the years 

to come.  

The urban and rural disparity in accessing improved water sources has 

reduced substantially from 1990 to 2015 (Figure 4.1). From 1990 to 2015 the 

proportion of the rural population accessing improved water sources 

increased from 78% to 98% (UNICEF/WHO, 2015). However adjusting for 

arsenic contamination in water, the figure in 2015 for rural populations 

decreased to 87% (UNICEF/WHO, 2015). There also remains a significant gap 

in accessing piped water onto premises between urban (28.7% in 2013) and 

rural areas (1.2%) (BBS & UNICEF, 2014). According to Multiple Indicator 

Cluster Survey (MICS), more than 90% of the population in all the 7 divisions 

in Bangladesh had accessed improved water sources. Of them, in Barisal, 

Chittagong and Khulna, three divisions in southern Bangladesh, 95.3%, 97.0% 

and 94.4% of the population had used water from improved sources 

respectively (BBS & UNICEF, 2014). However within these divisions there are 

areas where the proportion of the population that had access to improved 

water sources was below 50%. For example, according to the Bangladesh 

latest census report in Dacope, Koyra, and Paikgachha sub-districts of Khulna 

district the proportion of population using water from improved sources was 

only 31%, 44% and 62% respectively (BBS, 2011).  

There is also justified criticism regrading the definition of the indicator for 

measuring the MDG target as it refers to ‘improved’ rather than ‘safe’ water 

sources (WHO, 2015; Dar and Khan, 2011). It is evident in Bangladesh that 
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‘improved’ water sources are not necessarily ‘safe’. According to the latest 

MICS 2012-13 survey, 41.7% of households’ water were contaminated with 

microorganisms (as measured by Escherichia coli over 1 cfu/100mL) (BBS, 

2014). Such pathogenic contamination along with arsenic contamination and 

emerging salinity intrusion poses significant challenges to improve access to 

safe water sources in Bangladesh, more particularly to achieve SDGs’ target 

for safe water access as mentioned in section 3.2. The National Sustainable 

Development Strategy (Ministry of Planning, 2013) and 7th five-year strategic 

plan (FY 2016-2020) (Ministry of Planning, 2015) also recognize implications 

of such contamination in the water sector and mention strategies to ensure 

universal safe water access in Bangladesh.  

Water availability in Bangladesh also varies by seasons and regions. Water is 

abundant during the wet season when around 80% of the total rainfall occurs 

during the monsoon season from June to September (Chowdhury, 2010b). 

However there are limited opportunities to store this water and natural 

storages of this rainwater (i.e. surface water) get contaminated with 

pathogens, making them unsuitable for drinking (Hoque, 2009). 

Subsequently as the rainfall declines during the post-monsoon (October - 

November) and winter (December - February) periods, water becomes scarce 

in many regions of the country (Chowdhury, 2010b). During winter 

(December - February) water shortages are prominent in the south-west and 

north-west regions of Bangladesh, hence they are prone to drought (Ministry 

of Planning, 2013). Drought in north-western Bangladesh was associated with 

3.5 million tonnes loss of rice production in the 1990s (Ministry of Planning, 

2013). The projected climate change scenario with an increase of 0.50C 

temperature and 5% reduction in annual rainfall will lead to a 14% reduction 

in Ganges runoff. As a result considerable decline in crop production is 

predicted (Ministry of Planning, 2013).  

Being a Ganges-dependent region, the southwest coastal region of Bangladesh 

suffers from both dry season water shortage and arsenic contamination 

(Chowdhury, 2010b). In the coastal zone, the most shallow groundwater 

sources are saline while surface water salinity is also widespread. This area 

also suffers from drainage congestion, salinity intrusion and high cyclone risks 
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while also being the worst affected by arsenic contamination of groundwater 

(BanDuDeltAS, 2015d). The southern part of this region is also flood-prone. 

The north-central region is the most industrialized and urbanized region of 

the country, and includes the capital city (Dhaka). This region too suffers from 

seasonal water table decline problems due to intensive Shallow Tube Well 

(STW) irrigation (Chowdhury, 2010b). 

Adding to the challenges associated with seasonal variability, more than 90% 

of the surface water of the river systems originates from outside of the country 

(Gupta et al., 2005), which gives rise to an element of uncertainty in the 

quantity of water available from the surface water system. The continued 

development of basins upstream, deforestation of the Himalayas, confinement 

of rivers by diking, and land degradation and erosion have aggravated the 

flood situation in Bangladesh while at the same time, the reduction of dry 

season flows due to increased upstream withdrawal has resulted in severe 

water shortages and worsening saline intrusion in coastal areas (Chowdhury, 

2010).  

Participation of the local community, for example, involving them during the 

planning stage of project activities and providing orientation on operation and 

management of water resources, is identified as a key part of successful 

implementation of water sector activities (Safiuddin & Karim, 2003). Despite 

a shift towards community involvement in the policies, actual implementation 

of this process has been donor-driven without initiatives from the local level 

(Gupta et al., 2005). In addition existence of a centralized decision making 

process in the water sector further slows down the delegation process (Gain 

and Schwab, 2012). The needs and priorities of the local population must be 

encouraged if community participation in water sourcing and use is to be 

successful. In coastal areas knowledge and practice of the local people, on 

water resources management in particular, has received insufficient attention 

to promote safe water supply. 

Solutions to water scarcity and safe water supply in coastal Bangladesh are 

complex and not readily evident (BanDuDeltAS, 2015d, Benneyworth et al., 

2016). One obvious technical solution for rural areas is to enhance 
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infrastructure, such as construction of large, community-operated, rain-fed 

reservoirs; however, success of this type of resource management requires 

long-term investments and good local level governance (Benneyworth et al., 

2016). Solutions may also include seawater desalination, which is expensive 

and complex. Rainwater harvesting (discussed below) is suitable for low per 

capita usage, but its success is subjected to sufficient rainfall to ensure year-

round use. Aquifer recharge through injection is very complicated and has 

limited capacity as it is subject to water abstraction. It is also difficult to find 

suitable sources for piped water supply (BanDuDeltAS, 2015d). Furthermore 

socio-political and environmental dimensions in the community to promote 

sustainable technological solutions also need to be considered.  

 

4.2.3.1 Water supply in coastal Bangladesh 

 

There is a lack of reliable data on water supply status in coastal Bangladesh 

(Azam & Sarker, 2012). Surface water (e.g. pond), ground water (e.g. tube 

well) and rainwater are the main domestic water sources in this area (Islam, 

2013). As pointed out in 4.2.3, there are strong seasonal differences in 

availability of water sources in Bangladesh and as such seasonal differences in 

water source usage and water use from multiple sources has been reported 

(Azam & Sarker, 2012; Islam et al., 2011). During the dry season, pond water 

serves as the main source of water. A study by Azam and Sarker (2012) in two 

selected coastal districts revealed that during the dry season the proportion of 

drinking water from ponds was considerably high in the majority of the rural 

areas. Another study in similar settings also found the majority (69%) of the 

population in the community used pond water for domestic purposes 

including for drinking during the dry season (Islam et al., 2011). In the case of 

use from multiple sources, the combined use from improved and unsafe water 

sources has been observed. In one area more than 50 percent of the 

households use water from two sources (rain water + pond) (Islam et al., 

2011). Furthermore intrusion of salt water due to climatic and anthropogenic 

factors along with existing arsenic contamination pose additional challenges 

to rural water supplies especially in coastal areas of Bangladesh. For example 

a study by Harun & Kabir (2013) in selected coastal districts indicated that the 
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use of tubewell (groundwater) water was declining because of arsenic and salt 

content.  

 

For protecting health and ensuring wellbeing of the rural population, 

rainwater harvesting (RWH) and pond sand filters (PSFs) have been 

identified as key alternative water supply options in coastal areas of 

Bangladesh (Islam et al., 2011). Rainwater harvesting has long been used as a 

simple technology for collecting and storing rainwater (Thomas, 1998). A 

study of rainwater harvesting in a coastal district of Bangladesh reported that 

people stored rainwater into the protected ponds with or without PSF, used 

household and community reservoirs (household based rainwater harvesting 

systems (HRWHSs), or community based rainwater harvesting systems 

(CRWHSs) made from plastic tanks, ferro cement and reinforced cement 

concrete (RCC). At the household level the majority (97%) use Motka (earthen 

pot) for rainwater harvesting and only 3% use a RCC jar (Karim, Shelly, & 

Biswas, 2005). However, the capacity of household Motka or storage tanks 

often is not sufficient to meet the yearlong demand for drinking water and 

households have to depend on other sources, especially unimproved ones, for 

drinking water during the dry period and even during spells without rain 

during the wet season (Islam et al., 2011). 

 

The quality of harvested rainwater depends on quality of air, catchment 

surfaces and storage tanks. In general, contamination of water from 

catchment surfaces is the major concern (Thomas, 1998). Faecal 

contamination from birds and humans of catchment surfaces and reservoirs 

may be sources of important pathogens. In a study in Greece, analysis of 

rainwater reported presence of coliforms in 80%, E. coli in 41% and 

enterococci in 29% of samples (Helmreich & Horn, 2009). Furthermore if not 

covered properly the reservoir can facilitate mosquito breeding such as vectors 

for dengue virus and algal growth (Helmreich & Horn, 2009). Appropriate 

collection and storage of rainwater and preventing the harvested rainwater  

from pathogens and other contaminants has been reported as a significant 

problem in Bangladesh (Karim et al., 2005). 
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The PSF is another common alternative safe water supply option for salinity 

affected coastal and arsenic contaminated areas. The PSF is a low cost 

technology built with brick, cement, sand, brick chips, net, hand tubewell, pvc 

pipe, filter media and installed on the edge of pond to supply safe water 

(Harun & Kabir, 2013). One PSF unit can supply water for 40-60 families 

(Jakariya et al., 2010).  

 

However, maintaining performance of a PSF to ensure water quality is 

challenging. The water quality of source ponds greatly influences the water 

quality of PSF (Harun & Kabir, 2013). A study by Harun and Kabir (2013) in 

coastal Bangladesh found that PSF supplied water met the DoE standards for 

calcium, magnesium, nitrate, sulphate and phosphate but not for salinity, 

chloride and potassium. Their research also indicates that while PSF reduced 

water salinity by 22%, salinity levels remained above the DoE standard in all 

the 12 PSF samples. Other research reported that removal efficiency of PSFs of 

total coliform, E.Coli and suspended solids are less satisfactory (Hasan et al., 

2013).  

 

Selecting suitable ponds, which are perennial, free from pisciculture, and not 

used for other domestic purposes (bathing and washing) is also a major 

challenge for effective and sustainable PSF technology. Most ponds are 

privately owned and therefore, the owner may opt for other uses (e.g. 

commercial fishing activities) rather than reserve the ponds for drinking water 

use only (Jakariya et al., 2010). Poor protection and maintenance of the ponds 

used for PSF are common, leading to contamination from surface run-off and 

declining removal efficiency (Hasan et al., 2013), therefore often rendering the 

PSF water unsuitable for drinking. 

 

Distance and time to fetch water from an improved source also influences 

water use in the community and this varies across the coastal areas. An 

observational study reported that if the distance is more than 2 kilometers or 

requires more than two hours, the proportion of improved source users (pond 

sand filter- PSF) reduced substantially (Islam et al., 2011). A large population-

based survey found that almost half of the population traveled between half 
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and three kilometers for collecting safe drinking water in coastal areas (Azam 

& Sarker, 2012). Another survey reported that almost 50 percent of the 

households had no PSF and 80 percent of the households had no CRWHS 

within 2 kilometers or 2 hours of their reach (Islam et al., 2011). The time 

required for water collection is one of the main reasons for dissatisfaction with 

using PSF water (Harun & Kabir, 2013). However almost 40% of the 

population who were within 1km of safe water sources and about 25% of the 

population who required less than 2 hours for travelling and collecting water 

still did not use water from safe water sources (Islam et al., 2011). 

 

In terms of water collection, women and girls solely carry this responsibility in 

the community. Spending more time on water collection means they have less 

time to fulfill daily domestic activities (Abedin et al., 2012). Focus group 

discussions with participants in a salinity affected coastal area revealed that 

while they travelled long distance to collect drinking water, they did not have 

enough time for cooking, bathing, washing clothes or taking care of children 

and elders (CCC, 2009b). Managing all these activities in the household 

means they have to work hard, making them tired and leaving less time to 

take care of their own physical and mental wellbeing (CCC, 2009b). Other 

research in similar settings reported the hampering of children’s education 

and the harassment of women and girls relating to fetching water, which in 

turn affect their mental health status (Abedin et al., 2012).    

 

The demand for water in coastal populations is higher than the standard 

average assumption of usage of 2 litres/day. In one studied coastal area the 

average drinking and cooking water demand per head was about 5 L/day 

(Harun & Kabir, 2013). Another study reported an average intake of 3.35 

L/day water for drinking (Islam et al., 2011). Males (3.5L/day) tend to drink 

more than females (3.2L/day) and the amount was similar across different age 

groups (15- above 45 years) (Islam et al., 2011). People tended to use water 

from relatively improved sources for drinking compared to those for other 

domestic purposes (cooking, washing etc.) (Karim et al., 2005). Income of the 

households has been found a determinant of demand for fresh water for 

different purposes. Water demand for drinking was higher among low-income 
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groups, whereas for cooking it was higher among high-income groups (Harun 

& Kabir, 2013). This could be due to a higher involvement of the former 

groups with labor-intensive activities, therefore consuming more water for 

drinking. 

 

The palatability of water plays an important role in choice of water for 

drinking. Very few studies have examined this aspect of water quality. A 

recent research in Dacope sub-district of Khulna district in southwestern 

coastal Bangladesh demonstrated that despite the drinking water salinity 

exceeding the national standard in both tube well (100%) and pond water 

(71%), 88% of participants did not perceive the water as ‘salty’ (Benneyworth 

et al., 2016). A study in another salinity affected coastal sub-district from the 

same district with healthy volunteers indicates a palatable threshold of 

<2100mg/L for drinking water salinity with a seasonal variation (during dry 

season mean salinity concentration was 1900mg/L and during monsoon 

season this was 1300mg/L). However the perception of ‘saltiness’ differed 

between the water sources, such as, river water being the most ‘salty’ and 

pond water being less ‘salty’ (Grant et al., 2015). This study indicated that 

from a taste perspective, populations in these coastal communities can 

tolerate very high saline water, which was well above the Bangladesh standard 

(>600mg/L). Therefore people are likely to be exposed to high salt from water 

without even being aware of the ‘saltiness’ of water. Research by Grant et al., 

(2015) shows that palatability of water is an important determinant for 

choosing drinking water sources.  

   

The availability of safe water in coastal areas is still low and seasonal 

influences on water availability make the situation worse. However little is 

known about seasonal influences on water demand and consumption and 

further investigation is recommended on seasonal differentials for water 

demand and consumption in this population (Islam et al., 2011) in order to 

plan better and ensure their safe water supply. Poor quality of water even with 

the generally accepted ‘safe water’ options such as PSF, deep tube-wells and 

rainwater harvesting due to poor maintenance have been a major problem 

and pose significant public health risks.  
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The coastal zone is well known for its severe water supply conditions (e.g. 

salinity, arsenic contaminations). Meeting fresh water supply for municipal 

and agricultural use is already a challenge today. The expected developments 

due to population and economic growth will increase demand, and climate 

change impacts will further add to these challenges (BanDuDeltAS, 2015b). As 

mentioned in Chapter 2.4.3 projected climate change and sea level rise will 

significantly impact on freshwater resources increasing salinity in water and 

declining freshwater river areas. Figure 4.3 presents the projected changes in 

salinity intrusion and concentration in freshwater water river area in coastal 

Bangladesh following climate change and sea level rise (BanDuDeltAS, 

2015b). Projections for 2050 with a sea level rise of 52 cm indicate that the 

freshwater zones in 8, out of 19 coastal districts including Bagerhat, Barguna, 

Barisal, Bhola, Khulna, Jhalokati, Pirojpur, and Satkhira will be severely 

affected by the increase in river salinity. The same scenario also indicates that 

more than 2 ppt salinity in the southwest and south central zones would affect 

an area of about 8400 sq km by 2050. The total of number of people affected 

from such changes in salinization will increase from 15 to 100% (2.9 to 5.2 

million people) with a significant number of the poor (23 to 130%) being 

affected (BanDuDeltAS, 2015b). 
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Figure 4.3 Projected changes in water salinity in 2050 in coastal Bangladesh 
with sea level rise.  
Source: BanDuDeltAS, (2015b) 

Therefore increasing salinity is seen as the biggest problem in the coastal zone 

for the next 50 to 100 years, due to SLR and changes in river flows 

(BanDuDeltAS, 2015d). In order to ensure water supply in this area a number 

of strategies has been identified- i) improving water storage; ii) sustainable 

use of groundwater through active groundwater recharge during monsoon; iii) 

promoting saline resistant crops; iv) establishment of small scale water 

desalination using solar power; v) construction of the Ganges Barrage, and vi) 

ensuring fresh water flow through the trans-boundary rivers by negotiation 

with upper riparian countries etc. (BanDuDeltAS, 2015d).  

4.3 Coastal Bangladesh 

4.3.1. Geography 

 

Bangladesh is located in the northeastern part of South Asia and covers an 

area of 147,570 square kilometers. It shares its border almost entirely with 
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India and a short southeastern part with Myanmar, and meets the Bay of 

Bengal at southern coastline. It extends between latitudes 20o34’ and 26o38’ 

north and longitudes 88o01’ and 92o 41’ east.  

 

Coastal zones refer to areas of interface between land and sea and where the 

most intensive affects of land-sea interaction are observed (PDO-ICZMP, 

2003). The southern part of Bangladesh belongs to a coastal zone that receives 

discharge of numerous rivers, including the Ganges-Brahmputra-Meghna 

(GBM) river network. The majority of the coastal zone, except a small part in 

the southeast, is plain land with extensive river networks and accreted land 

(Sarwar & Khan, 2007).  

 

The coastal zone covers an area of 47,201 km 2, which is 32 percent of the total 

landmass (Sarwar & Khan, 2007). According to geo-morphological 

characteristics the area can be broadly divided into three regions - the eastern 

region (Pacific type), the deltaic central region and the western region 

(Atlantic type) (Minar, Hossain, & Shamsuddin, 2013).  

 

In Bangladesh, different institutions demarcate coastal zones depending on 

their purposes and perspectives. For example, the Soil Resources 

Development Institute (SRDI) indicates the coastal area as one that is affected 

by tidal changes in water level of the Bay of Bengal and extends up to 150 km 

inland from the coast. The DPHE defines the coastal belt as the area where 

saline water has intruded into shallow or deep aquifers or both (PDO-ICZMP, 

2003).  

 

The Bangladesh Integrated Coastal Zone Management Plan (ICZMP) uses 

three indicators – cyclone risks, salinity and tidal movement to define the 

coastal areas.  Cyclone risk was indicated based on the map prepared by the 

Bangladesh Disaster Management Bureau (BDMB) in 2001. In the case of 

salinity, a threshold level of 5dS/m or ~3200mg/l for surface water and 

2dS/m or ~1000mg/l for groundwater was considered. The annual average 

water level fluctuations between high and low water during a tidal cycle of 0.3 

m were taken as the threshold value (PDO-ICZMP, 2003). Based on these 
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criteria of the total 147 upazillas (sub-districts) from 19 coastal districts, 133 

are designated as ‘coastal’ and further grouped into - interior coast and 

exposed coast (Figure 4.4).  

 

 

Figure 4.4: Map of the coastal zone of Bangladesh showing exposed (dark 
grey) and interior (light grey) coast.  
Source: PDO-ICZMP, (2003) 

 

A total of 48 upazilas in 12 districts where all three criteria (Cyclone risk, 

salinity and tidal circulation) are above the threshold level and exposed to the 

sea and or lower estuaries, are defined as the exposed coast and the remaining 

99 upazilas of the coastal districts with relatively stable land are termed 

interior coast. However in terms of salinity levels in the soil, surface or 

groundwater, 97 upazilas of 17 districts (66% of all upazilas) are above the 

threshold values. Soil salinities are found above threshold levels in a total of 

93 upazilas of these 17 districts; surface water salinities in a total of 65 

upazilas of 10 districts and groundwater salinities in a total of 45 upazilas of 8 

districts (PDO-ICZMP, 2003).  
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4.3.2 Population and Livelihoods 

 

According to the 2011 population census, the coastal zone of Bangladesh has a 

population of about 38.5 million (26% of the total population). Of them 49% 

are female and 22% belong to urban areas (BBS, 2011). Of the total coastal 

population almost 50% are below 15 years of age. Like other parts of 

Bangladesh the population in coastal areas is also increasing with a higher 

rate of increase in urban areas compared to rural areas. However, assuming a 

declining growth of 0.71 percent in 2050, as expected due to reduced fertility 

rate and improved services, the total coastal population is estimated to reach 

58 million in 2050. Of this, the urban population will increase to 25.6 million 

at a growth rate of 2% in 2050 (PDO-ICZMP, 2004).  

 

The coastal population primarily depends on agriculture, fishery, forestry, 

near shore transportation and salt farming for their livelihood (DoE, 2005). In 

rural areas, more than 50% of the population is involved in agriculture with 

the majority working as labor. Among the non-farmers (those whose principal 

occupation is not agriculture), fishers are the single largest group. In urban 

areas, the majority work on a daily wage basis and either sell labor in the 

formal and informal sectors or are engaged in a wide range of self-

employment activities. Rural wage laborers, small farmers, fishers and urban 

wage laborers constitute almost 70% of the household in coastal areas (PDO-

ICZMP, 2003).  

4.3.3 Climate 

 
Bangladesh has four climate seasons: pre-monsoon (March-May), monsoon 

(June-September), post-monsoon (October-November) and winter 

(December-February). The country’s location with the Bay of Bengal and the 

Indian Ocean to the south and large mountain ranges—Himalayan Mountains 

and Arakan Ranges to the north and east respectively, makes it highly 

favorable for rainfall, most of which occurs during the monsoon season (June-

September) (BanDuDeltAS, 2015c).   
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Long-term temperature trends indicate the country’s minimum average 

temperature ranges from 12.50C in winter to above 250C in summer during 

June-August. The maximum average temperature ranges from 25 0C in 

winter, with a peak in summer, in April (33.5 0C) (BanDuDeltAS, 2015c). The 

spatial distribution of temperature shows a relatively warmer winter in the 

coastal zone with a positive thermal gradient towards the south. In the coastal 

area an increase in summer temperature from east to west has been observed. 

During summer in April very high (350C-360C) temperature in the central 

western part of the country has been recorded that extends up to the 

southwestern coastal zone, whereas in the southeastern coastal zone a 

relatively lower temperature (30.00C-32.50C) has been observed (Figure 4.5) 

(BanDuDeltAS, 2015c). 

 

Figure 4.5: Maximum temperature between 1948 and 2004 across different 
geographical areas in Bangladesh  
Source: BanDuDeltAs, (2015c) 

Over the period an increasing trend for temperature has been observed across 

Bangladesh (Choudhury et al., 1997, Karmakar, 2000, Quadir et al., 2004, 
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Singhvi et al., 2010, Shahid, 2010). Observations of monthly average 

maximum and minimum temperatures over Bangladesh for 1961-1992 have 

shown an increase of temperature in most of the selected stations by around 

0.6-0.80C (Choudhury et al., 1997). For the same period (1961-1990) a study 

by Quadir et al. (2004) has also shown warming of Bangladesh and the 

adjacent areas with maximum at Dhaka (0.037°C/year). More recent 

observation of the temperature records for 50 years (1958-2007) from 17 

stations distributed across the country has also reported a decadal increase in 

mean temperature (0.0970C) for most part of the country (Shahid, 2010). In 

the central, north-central, south-central and south-eastern part of the country 

for each decade there was a 0.012-0.03 0C increase of temperature with Dhaka 

showing the highest warming rate about 0.030C/decade (Figure 4.5). However 

northern, north-eastern and south-western part of the country did not show 

significant temperature changes. A recent baseline study on Bangladesh Delta 

Plan formulation project by BanDuDeltAS has reported temperature records 

for 1948-2011. During the period of 64 years the mean temperature has 

increased by 0.64oC with an annual mean minimum temperature increase of 

0.014oC/year and maximum temperature of 0.008oC/year (BanDuDeltAS, 

2015c). This research has also indicated seasonal and spatial variability of 

temperature trend across the country.  

 

In terms of rainfall long-term trends (1948-2004) from 34 meteorological 

stations indicate very high precipitation in the monsoon season and low 

precipitation in the winter season. On average, Bangladesh receives 2425 mm 

of precipitation/year. Of this, 72% i.e. 1750 mm occurs in the monsoon (June-

September), about 17% occurs in the pre-monsoon and 9.1% occurs in the 

post-monsoon seasons. The winter is relatively dry with only 1.5% of the 

annual precipitation. In the coastal zone yearly average precipitation is around 

1800-4000 mm while the southeastern part experiences higher precipitation 

than the southwestern part. The resulting changes and variation in rainfall 

lead to droughts and floods (BanDuDeltAS, 2015c).  

 

Trend analyses of precipitation changes for the past 50 years (1948-2007) 

have shown 3.96mm/year increase in annual mean precipitation over 
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Bangladesh and substantial increase during winter (29%) and pre-monsoon 

(12%) seasons (Shahid, 2010). More importantly, increase in precipitation 

during the pre-monsoon season implies more rainfall making the country 

more vulnerable to flooding. To name a few of such flooding events are floods 

of 1974, 1987, 1988 and 1998 and severe floods of 2004 and 2007 

(BanDuDeltAS, 2015c).  

 

Increasing trends are evident for monsoon precipitation over most parts of the 

country except the central, east-central and south-central part around lower 

Meghna basin of the country. In the south-western coastal zone the positive 

trends for precipitation range from 0.9-4.7 mm/year, in the south-eastern 

zone it is 0.7-5.7 mm/year, and in the north-central and north-eastern part 

the trends have varied from 2.5-2.8 (Figure 4.6). With an increase in 11 

mm/year precipitation, the north-western part of the country has experienced 

the largest trend in monsoon precipitation (Shahid, 2010).  

 

Figure 4.6: Rainfall trend (1948-2007) across different geographical areas in 
Bangladesh  
Source: Shahid, (2010) 
 

The BDP formulation project baseline study has also shown similar increasing 

trend (4mm/year) for annual mean precipitation for the period of 1948-2011. 

The increasing trends are also observed for all the seasons (BanDuDeltAS, 
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2015c).   

4.3.4 Vulnerability 

 

The coast of Bangladesh is known as a zone of multiple vulnerabilities 

(MOWR, 2005) (Table 4.1) from natural hazards such as cyclones, storm 

surges, floods, drought, earthquakes, erosion, salinity intrusion and arsenic 

contamination. The coastal zone of Bangladesh is one of the most exposed and 

vulnerable areas in the world to loss and damage from SLR (Nishat et al., 

2013). For example tropical cyclone data for 50 years (1961-2013) compiled by 

the Joint Typhoon Warning Centre (JTWC) indicates that in total 61 tropical 

cyclones hit different regions of Bangladesh’s coastal zone i.e. 1.15 cyclone per 

year. Of these, 26% cyclones hit Noakhali and Chittagong including the 

eastern part of Meghna estuary, 29% hit the south-eastern coast of Cox’s 

Bazar, Teknaf and adjacent area, 16% hit the south-central zones and 28% hit 

the south-western coastal zones (BanDuDeltAS, 2015c). The low topography 

makes the western and central coasts highly vulnerable to storm surge 

inundations. Studies between 1960 and 2012 indicate 1.5-10m high storm 

surge inundations for severe cyclones resulting in contamination of freshwater 

with seawater (BanDuDeltAS, 2015c). Both natural and man-made hazards 

are threatening lives and livelihoods in the coastal zone and affecting social 

and economic development in this region. 

Table 4.1: An overview of vulnerabilities in coastal areas of Bangladesh 

Vulnerabilities Vulnerable areas Present status Risk of 
aggravation 

Cyclones and storm 

surge  

Island and exposed 

Upazilla  

Devastating but 

seasonal  

Increasing  

Land Erosion  

 

Meghna and other 

estuaries, island and 

other coastal area  

Serious localized, 

Seasonal 

Increasing  

 

Flood  Exposed Upazilla  

 

Localized and 

year round  

Increasing  

 

Drainage 

Congestion  

Khulna, Jessore, 

Noakhali  

Localized, 

seasonal 

Increasing  

 

Drought  Satkhira  Localized and 

seasonal  

Increasing  

 

Earthquake  Chittagong  Unpredictable Increasing  
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Vulnerabilities Vulnerable areas Present status Risk of 
aggravation 

Salinity intrusion  Western exposed 

Upazilla  

Serious, Seasonal  

 

Increasing  

 

Shortage of 

drinking water and 

arsenic 

contamination  

All over  

 

Serious and Year 

round  

 

Increasing  

 

Ecosystem 

degradation  

Marine, Sundarbans  Serious and year 

round  

Increasing  

 

Pollution  Chittagong, Khulna  Serious and year 

round  

Increasing  

 

Climate change All over Serious and year 

round  

Increasing 

Source: Adapted from PDO-ICZMP (2004) 

 

Like other areas of the country, GDP and per capita income in coastal areas 

have also improved over the period. From 1978 to 2005, total GDP across the 

coastal areas increased from 74 million USD to around 1025 million USD. 

Between 1995 and 2005 per capita income increased from around 340 USD to 

450 USD in the coastal zone (Hossain and Dearing, 2013). This has led to a 

decline in numbers of people living below the poverty line in these areas. 

However in general compared to the rest of the country the magnitude of 

poverty is higher in coastal districts, and varies within the coastal zone. For 

example, among the coastal districts Barisal has the highest proportion of 

poor populations with a figure of 35% and above (Ahmed et al., 2010). Among 

the occupational groups, incidence of poverty is highest among agriculture 

laborers. Their wages are low and seasonality of agriculture production leads 

to infrequent payment (PDO-ICZMP, 2004).  

 

According to the Program Development Office for Integrated Coastal Zone 

Management Plan (PDO-ICZMP) (2004) the coastal zone comprises four 

livelihood groups among the poor including agricultural laborers (25.4%), 

small farmers (25.1%), fishers (7.4%) and urban poor (11.7%). Broadly these 

livelihood activities are grouped into two categories: a) Natural resources 

based activities such as agriculture (field crops), salt making, fishing, 

aquaculture, shrimp fry collection, fuel collection, crab collection and rearing 
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and extraction of forest products; and b) Human resource based activities 

such as livestock and poultry keeping, boat building, fish net making, kantha 

making, embroidery, spice grinding and trading (Adams et al., 2013). Coastal 

livelihoods are subject to a number of vulnerabilities and vary between 

districts. As an example, Table 4.2 shows the most important vulnerability 

factors for different livelihood groups in Barisal where a high proportion of 

the population lives in poverty.  

Table 4.2: Important vulnerability factors for different livelihood groups in 

Barisal, a coastal district in Bangladesh 

 Livelihood groups 

Priority Small farmers  Agricultural 
labourers  

Artisanal 
fishers  

Urban 
labourers  

1 Lack of agricultural 
input/high price  

Lack of 
employment 
opportunities  

Deterioration of 
fish resources  

Housing 
problem  

2 Lack of 
cash/savings  

Low wage rate Indiscriminate 
fishing  

Low wage 
rate  

3 Flood/tidal 
flood/water logging  

Low female wage 
rate 

Lack of 
cash/savings  

Lack of 
employment 
opportunities  

4 Lack of 
skills/education/ 
knowledge  

Lack of 
skills/education/ 
knowledge  

Cyclone  Lack of 
skills/ 
education/ 
knowledge  

5 Rat/insect problem  Lack of 
cash/savings  

Market 
price/marketing  

Low female 
wage rate  

6 Arsenic/lack of safe 
drinking water  

Social 
constraints of 
female labour  

Siltation  Lack of 
cash/savings  

7 Cyclone  Arsenic/lack of 
safe drinking 
water  

Arsenic/lack of 
safe drinking 
water  

Social 
constraints of 
female labour  

8 Salinity Cyclone  Flood/tidal 
flood/ water 
logging  

Broker/Midd
lemen  

9 Siltation  Lack of 
educational 
facilities 

Lack of fishing 
equipment  

Lack of land  

10 Mohajon/Dadon  Market 
price/marketing  

Credit 
complexities  

Arsenic/lack 
of safe 
drinking 
water  

Source: Adams et al. (2013) 
  
The population health status and health care utilization in the coastal districts 

show a mixed picture. The under 5 children mortality rate is equal to or lower 
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than the national figure (56 per thousand) in most of the coastal districts. 

Antenatal care from a qualified health provider i.e. doctor, 

nurse/midwife/paramedics etc. is below the national coverage (53.7) in the 

majority of the districts in Barisal division but higher in the case of the 

majority of coastal districts from Khulna division (NIPORT, 2011). Higher 

disparity is observed regarding deliveries at health care facilities among the 

coastal districts and the percent of deliveries at health care facilities ranged 

between 10.5% and 64.5% indicating a large percentage of mothers still give 

birth at home (NIPORT, 2011). Health infrastructure is relatively poorer in the 

coastal zone based on population-hospital bed and bed-population ratios 

(PDO-ICZMP, 2004). Lack of safe drinking water and salinity problems are 

two important vulnerabilities identified across different livelihood groups 

(Figure 4.2). The coastal zone presents numerous challenges towards 

achievement of Bangladesh’s water supply and sanitation goal, both from a  

national perspective as well as a coastal specific perspective. While high 

arsenic and salinity concentrations are already limiting safe water supply and 

will continue to put pressure on freshwater availability, higher poverty 

prevalence further limits sustainable development of the resources 

(BanDuDeltAS, 2015d). 

4.4 Conclusion 

 

While Bangladesh has made significant improvements in providing improved 

water sources in the past 2 decades, existing challenges relating to arsenic 

contamination of groundwater and emerging salt (sodium) contamination of 

ground water and surface water will challenge future success in increasing 

access to safe water.  More specifically a large number of the population in 

coastal Bangladesh is affected by water salinity due to climate change impacts 

and this combined with other factors relating to over use of groundwater, 

shrimp farming, etc. are increasing salinization of water (discussed in section 

2.3.1).  

 

For many reasons outlined in this Chapter, water resources in Bangladesh are 

highly vulnerable to climate change. This has been increasingly recognized in 



 90 

the policy documents and a concerted effort between all government and non-

government organizations has been highlighted as needed to adapt water 

resources management to changing climate. However, given multi-

stakeholder involvement in the water sector the coordination and overlapping 

roles among different institutions remain a concern for effective water 

management. Additionally, the major water sector investments and most 

resources are allocated to the major cities and central government agencies.  

 

Moreover though the key policies and strategies such as NWPo, NWMP of 

water sector have emphasized community participation, local governments 

and community users are not often involved in the planning and service 

delivery. This has resulted in low competency and technical knowledge 

regarding water management within local government institutions, which in 

turn threatens sustainable water supply in Bangladesh including coastal areas.  

 

The coastal zone of Bangladesh is one of the most exposed and vulnerable 

areas in the world to loss and damage from climate change and SLR. The area 

is also prone to multiple natural hazards. The majority of the demographic 

and health indicators are below the national average (e.g. high poverty), which 

are likely to reduce the ability of the population to cope with adverse 

situations. In coastal areas systematically collected and reliable data about the 

water supply and water quality situation are scarce and coverage of alternative 

safe water supply options is still very low. Recent evidence suggests significant 

exposure to sodium in drinking water (discussed in section 3.4), yet little is 

known about water consumption, impacts on health from drinking saline 

water and perceptions about safe water following salinization of water 

resources. Promoting safe water supply in coastal areas, challenges to safe 

water supply and consumption and community perceptions about safe water 

need to be explored further.  

 

The next chapter provides an overview of the research methodology used for 

my research.  It will discuss the conceptual framework for my research, the 

study design, data collection and analyses methods and issues of study 

validity, rigour and ethics. 
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Chapter 5- Research Methodology 

5.1 Introduction 
 

This research methodology chapter outlines the conceptual framework for this 

research project, describes the aims, research question and focus questions to 

be examined and details the study design, setting and population, data 

collection and analyses methods for this research. The chapter also describes 

research ethics and related reliability and validity issues considered during 

study design and implementation.  

5.2 Conceptual framework 

 

Warming of the global climate system is clear from changing surface and 

ocean temperatures, growing melting of snow and ice and rising sea level. The 

resulting changes are impacting different aspects of water quantity and 

quality, ecosystems and food production, which in turn are affecting human 

health and wellbeing. Climate projection scenarios also indicate that global 

temperatures will continue to rise and affect natural systems and human. 

Climate change poses a major threat to humans and the environment 

primarily through water. Impacts on freshwater resources from changing 

precipitation patterns, melting of ice and glaciers, and altering surface runoff 

and stream flow have wide-ranging social and environmental consequences.  

 

One of the significant effects of climate change is sea level rise resulting from 

thermal expansion of oceans and melting of land ice and it is now evident that 

climate change will significantly affect this process. These changes pose 

serious threats to highly populated coastal areas in many countries including 

South, Southeast, and East Asia. The impacts of sea-level rise are increased 

risk of inundation, flooding and storm surge, increased coastal erosion, effects 

on coastal ecosystems such as salt marsh, mangroves and coral reefs, salt 

water intrusion into surface and ground waters and changes in sediment 

deposition along river channels. Of these impacts, categories of salinization 
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and rising water tables have received less attention in the research than the 

others. 

 

Water resources in all the eleven Asian mega-deltas and other large deltas 

such as the Nile and Mississippi are vulnerable to saline intrusion. The 

declining quality and quantity of freshwater as a consequence is affecting a 

large proportion of the population in these areas, especially in low-income 

countries, where natural surface and ground waters are predominantly 

consumed and appropriate water treatment may not be feasible. Hence these 

populations are more likely to be most affected from higher drinking water 

salinity. Exposure to high salinity can happen not only through drinking water 

but also through other indirect routes such as cooking, bathing and 

occupation (e.g. shrimp farming in Bangladesh). Despite the widespread and 

growing problem of water salinity and the extent of the population affected, 

evidence on human health effects of water salinity is scarce. 

 

Scientific evidence on the risk of increased water salinity on blood pressure, a 

key biomarker for other chronic diseases such as cardiovascular and kidney 

diseases, is yet to be confirmed. However current recommendations for 

reducing salt intake are based on food only, which is likely to be inadequate 

for the population who are already exposed to higher water salinity. At present 

no health based target for water salinity level is available. Therefore 

information gaps in the current recommendations for salt reduction for 

reducing health risks need to be addressed. Strengthening evidence for health 

guidelines is also required given the projections for climate change induced 

SLR and associated saltwater intrusion, and likely high salt exposure from 

increasing salinization of freshwater resources. 

 

The coastal zone of Bangladesh is one of the most exposed and vulnerable 

areas in the world to loss and damage from climate change and SLR. In 

addition poor socio-demographic and economic conditions reduce 

populations’ ability to cope with adverse situations such as changes in safe 

water supply. Furthermore lack of local involvement in the planning and 

service delivery results in poor capacity of local government institutions for 
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water management including in coastal Bangladesh. As water supply for the 

large coastal population in Bangladesh is increasingly challenged by saltwater 

intrusion and projected to be intensified an investigation of associated water 

consumption and perceptions about safe water is imperative. Promoting safe 

water supply in coastal areas the existing water supply, challenges and 

community perceptions need to be explored further. 

 

Figure 5.1 provides a conceptual framework for this research.  It identifies the 

3 key contextual fields that underpin the research and identifies some of the 

gaps in knowledge that this research will fill.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Conceptual framework of this research 
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5.3 Aims, research and focus questions 
 

Aims 

This research aims to investigate the health risks of drinking high saline 

water, specifically on salt consumption and blood pressure, in a coastal 

population of Bangladesh and to explore water consumption in order to make 

recommendations for appropriate adaptation strategies.   

 

Research question 

What are the health risks and water consumption issues associated with 

increasing salinization of drinking water in selected coastal areas of 

Bangladesh? 

 

Focus questions 

 

1. How does climate change and sea level rise affect salinization of 

water sources in coastal areas including Bangladesh? 

 

Climate change related sea level rise presents significant impacts on 

coastal freshwater sources. Of the identified impacts such as increasing 

coastal inundation, flooding and erosion, effects of salinization of 

freshwater resources have received less attention in the research. Based 

on a desk review of available published and grey literature this focus 

question will provide an overview of implications of climate change 

induced sea level rise on salinization of water sources and overall 

health impacts of increasing salinity concentration of water in low-lying 

deltas including in Bangladesh. 

 

2. What are the health impacts of water salinity? 

 

Increasing saltwater contamination of freshwater sources is an 

emerging environmental problem in many low-lying countries 

including deltaic Bangladesh. This is particularly alarming for people 

living in low-income areas who largely rely on natural water sources to 
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meet their daily needs. Around 300 million people in Asian Deltas 

including the Bengal Delta largely depend on groundwater for water 

supply. In coastal Bangladesh, more than 35 million people are 

potentially exposed to high salinity water. The projected scenarios for 

climate change related sea level rise also suggest that a growing 

population in coastal Bangladesh will be affected from the spread and 

the intensity of salinity in the future. However the evidence on health 

impacts of salinity in water is limited. This focus question will generate 

relevant evidence and will largely be based on literature review.  

 

Further health risks will also be identified during the structured 

questionnaire interview, and in-depth interview and focus group 

discussions with the community members in a coastal area of 

Bangladesh.  

 

3. What is the impact of drinking saline water on salt consumption and 

blood pressure among a coastal population in Bangladesh? 

 

A large number of coastal populations in Bangladesh are currently 

affected from high salinity in their potable water, a figure that is 

projected to grow further. However the effect of high salinity 

concentration in water on blood pressure is not definitive. Blood 

pressure is an important marker of cardiovascular health that is 

measureable at the population level in a non-invasive way. To establish 

the risk of high drinking water salinity on salt exposure and blood 

pressure in a coastal population aged 19-25 years, quantitative methods 

were used. As described earlier, despite significant exposure to salinity 

(sodium) in water, the published evidence on risk of increasing blood 

pressure relating to such exposures is still lacking both globally and in 

this population. This focus question aims to answer this gap and will be 

able to contribute evidence for advocating for necessary adaptation 

strategies. Moreover this age group has not previously been included in 

the Bangladesh national survey on non-communicable diseases, so this 
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research provides insights into potential health risks for this younger 

age group. 

 

4. What are the current water supply and consumption issues relating to 

changes in water quality due to increasing salinization of water in 

coastal areas of Bangladesh? 

 

Efforts to promote safe water in coastal areas have often not considered 

the knowledge and practice of the community relating to water supply 

and use, which in turn has sometimes resulted in low uptake of 

available safe water options. This focus question will provide more 

evidence of community views regarding water supply and consumption 

in order to recommend appropriate adaptation strategies, including 

their implementation and sustainable use.  

5.4 Study design, setting and population 

 

Study design 

 

This research employed a mixed-method study design to investigate the 

effects of increasing salinity in drinking water on population health and 

associated water consumption in a selected coastal area of Bangladesh. 

Specifically, to investigate the affect of climate change related sea level rise on 

salinity in water (FQ1) and the health impacts of higher salinity in water (FQ2) 

I conducted a desk review with published and grey literature. To quantify the 

salt exposure and measure the effects on blood pressure (FQ3) in the target 

population I used quantitative methods that included environmental, 

biological and health assessments. Finally to explore the current water supply 

issues and how the people are responding to changes in water quality due to 

increasing salinization of water (FQ 4) I used qualitative techniques.  

 

Study Site  

This research was conducted in Koyra, a rural sub-district of Khulna district in 

southwestern coastal Bangladesh (Figure 5.2). This sub-district belongs to the 



 98 

exposed coast as it is open to the sea and lower estuaries receiving tidal water 

flows and is prone to salinity intrusion, cyclones and storm surges (PDO-

ICZMP, 2003). Out of 9 sub-districts in Khulna district, the highest level of 

salinity in surface and ground water sources has been found in this sub-

district (Abedin & Shaw 2013).  

 

Figure 5.2: Map showing the study areas in Koyra sub-district of Khulna 
district in southwest coastal Bangladesh  
Source: Author 

 

Of the 7 unions in this sub-district I selected two (Koyra Sadar and Amadi) 

based on the diversity of potable water sources. According to the latest 

Bangladesh census report, Amadi has only 7.7% and Koyra Sadar has 90.6% of 

drinking water sourced from tube wells (BBS, 2011). Ponds are the other 
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major source of drinking water in this area (BBS, 2011). Amadi has 18 villages 

with 33,184 people and Koyra Sadar has 11 villages with 33,230 people (BBS, 

2011). 

 

We used a Probability Proportionate Sampling (PPS) technique to randomly 

select four villages, two villages from each union in our study.  

 

Study Population  

 

Men and women aged 19-25 years residing in the study area were included in 

the study. This group was chosen as there is little available information about 

BP on healthy young adults in Bangladesh and even less information on this 

population from salinity affected coastal areas. Also, the influence of the usual 

risk factors for elevated BP is expected to be low in this group, making 

confounding a lesser concern. The twenty five years and above age groups 

were included in several large national surveys, such as the Bangladesh Non-

Communicable Disease Risk Factor Survey 2010 (WHO, 2011) and the 

Bangladesh Demographic Health Survey (NIPORT, 2011) on non-

communicable diseases including blood pressure in Bangladesh.  

    

Sample size 

 

Our preliminary hypothesis was to compare the mean blood pressure between 

high- and low- exposed water salinity areas. However given the extent of the 

salinity in coastal areas of Bangladesh it was not possible to differentiate 

between high and low exposure water salinity areas within the close proximity 

of the coastal zone. Another possible option was comparing the study 

outcomes i.e. BP and health problems between a saline and an upstream non-

saline area. Because of the resource and time constraints (data collection to be 

completed within the dry season to get the maximum exposure) this was also 

not possible. 

 

Therefore considering at least 50% of the population (p) are exposed to a high 

salinity level above the acceptable limit in the selected coastal areas I used the 
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following formula to calculate required sample size in my research. I aimed to 

include a total of 384 subjects at 95% confidence level (Zα) and 5% margin of 

error (m) in my research, based on the formula: 

N=Zα2* p(1-p) (Charan & Biswas, 2013) 

 m2 

 

With 5% nonresponse the total sample to be recruited in my study was 403.  

 

5.5 Data collection  

5.5.1 Quantitative data collection 

5.5.1.1 Recruitment and data collection procedure  

 

Recruitment to the study was based on meeting the age criteria (aged 19-25 

years), an individual’s permanent residency status, availability during the 

household visit period and agreement to participate and to provide urine 

samples. In the selected villages, trained research staff conducted household 

visits, and identified and listed 418 eligible participants in the 19-25 years age 

range. Of those eligible, 340 subjects were available for interview and health 

assessments. We excluded 21 pregnant women due to known physiological 

changes during pregnancy (e.g. increased glomerular filtration, changes in 

hormonal concentrations), which influence sodium metabolism in the body 

and kidney (Institute of Medicine, 2005). A further 4 participants (equal 

number of male and female) refused to participate resulting in 315 (92.6%) 

successful interviews (Figure 5.3).  Of the total listed (n=418) in the selected 

villages, efforts were made to include as many respondents as possible to 

reach the sample size. Only a few who were temporarily unavailable at the 

household were contacted via mobile phone and a subsequent visit was made 

at a convenient time during the survey period.   
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Figure 5.3: Recruitment of study participants  
 

I recruited research staff and trained them based on the study objectives. 

Research staff with a Bachelors’ level of formal education received 2 days of 

training on data collection, standard anthropometric procedures, and BP 

measurements using automatic blood pressure monitor. The main advantages 

of an automated BP measure are that it reduces interpretation errors and 

observer bias, and is easy for training of non-skilled individuals (Pickering et 

al., 2005). Moreover, following classroom training, field experience was 

provided on human subjects (not related to the study) to improve the research 

staff’s technical skills. During field training the questionnaire was also tested 

and finalized for the survey. As the research investigator, I was present in the 

field full time, and made regular and random household visits to monitor the 

quality of the data collected. Mapping and listing of all households in the 

selected villages were completed prior to conducting interviews. The interview 

was held at the respective households of the respondents. All the assessments 

(e.g. BP record, weight and height measure, urine samples collection) were 

also done at the household level. Informed written consent was obtained from 

participants prior to data collection commencement. 

 

A structured questionnaire was administered to obtain information on socio-

demographic conditions (e.g. age, sex, education, occupation, marital status, 

religion), household characteristics (materials used to construct wall, roof, 

and floor of houses and household assets) by observation, the sources of 

drinking and cooking water, years of using the water sources, family history of 

hypertension, previous assessment of raised blood pressure by health care 

Listing of eligible household members aged 19-25 years- 418 subjects 

Available during interview- 340 subjects  

Excluded  

Pregnant cases- 21 

Refusal- 4 

Successful interview- 315 subjects 

Male- 115, Female-200 
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providers or related use of medications, and diet of the past 7 days including 

consumption of rice, vegetables and fruits, fish, red meat and dairy products, 

and tobacco use from each of the eligible participants (the detailed 

questionnaire is provided in Appendix). Research staff also measured 

participants’ height, weight and blood pressure. Following the interview a 

urine sample was collected from each of the participants (procedure detailed 

in the next section). Each interview and health assessment took approximately 

one hour to complete.  

5.5.1.2 Exposure measurement 

 
To determine the amount of sodium (salt) people were exposed to from high 

saline drinking water in the selected area I applied both direct and indirect 

methods using an exposure assessment framework (Department of Health 

and Ageing and enHealth council, 2002) as presented in Figure 5.4. Direct 

methods included individual level spot urine sodium analysis (detailed 

below). 

 
Figure 5.4: Sodium (salt) exposure assessment in the study population  

Source: adapted from Department of Health and Ageing and enHealth 

council, (2002) 

Indirect methods included examining the salinity (salt) concentration of the 

water sources, which were used for drinking and cooking (discussed in Section 
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3.3). In addition information on water sources, duration of use, amount of 

water intake and dietary patterns were also obtained during the questionnaire 

interview to better understand salt exposure.  

 

Information on potential co-variates such as socio-demographic 

characteristics (e.g. age, sex, education, occupation, household information), 

family history, nutritional status (measured with body mass index from height 

and weight) were also collected. 

 

Environmental assessment 

 

Water samples (200mL) from participants’ identified drinking water sources 

were collected in a clean plastic container by the field staff and were analysed 

at the icddr,b laboratory. Salinity of the water samples was measured in parts 

per thousand (ppt) using a conductivity meter (Model: Sension5, company: 

HACH, origin: USA), which was then converted into milligrams per liter 

(mg/L) (1 ppt = 1000mg/L) for analysis purposes.   

 

Biological assessment 

 

Twenty-four hour urinary excretion of sodium is recommended for assessing 

sodium intake (Elliott & Brown, 2007). However, the 24-hour urine collection 

method is limited by the high participant burden that frequently results in 

poor compliance and incomplete collection (Elliott & Brown, 2007) rendering 

it not practical in public health practice or in epidemiological surveys (Tanaka 

et al., 2002). An alternative low burden and low cost method for measuring 

sodium intake at the population level is to estimate 24-hour excretion based 

on a spot sample. Several studies have reported significant positive 

correlations between spot (casual) and 24-hour urinary sodium excretion 

(Brown et al., 2013, Mente et al., 2014, Tanaka et al., 2002, Kawasaki et al., 

1993). For these reasons, in this research I measured spot urine sodium.  

 

The urine sample was collected in a plastic container obtained from icddr,b 

laboratory. Research staff provided detailed instruction to each of the 
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participants (and separate instructions for male and female participants) 

about sterile collection of the urine in the container. After collection, research 

staff labelled the container using the study identification number, recorded 

date and time of collection and transferred the sample to the local field office 

for storage in a refrigerator. The study sites were within 15-60 minutes travel 

distance from the local office. In the case of distant field sites a motorcycle 

was used for transportation of specimens to avoid unnecessary delays. The 

collection date and time were also recorded in the respective questionnaire. In 

the local field office all the samples were refrigerated before transferring them 

within 7 days of local storage to the icddr, b laboratory in a cool chamber for 

urinary electrolyte analyses. 

 

Urinary sodium was measured by Ion Selective Electrode method (ISE), using 

an Automated Chemistry Analyzer, Olympus, Model AU640, Beckman Culter 

International, Japan and calibrated by ISE calibration. The standards used 

were ISE Low/High Urine Standard. The ISE standard values are traceable to 

the National Institute of Standards and Technology (NIST) Standard 

Reference Material (SRM) 2201 for Sodium and Chloride. Spot urinary 

excretion values for sodium, potassium and chloride were measured in 

millimoles per litre (mmol/L) and creatinine was measured in micromoles per 

litre (micromol/L). Based on this measure we then estimated the 24-hour 

sodium level applying a direct approach using the INTERSALT (International 

Cooperative Study on Salt, Other factors and Blood pressure) study formula 

(Cogswell et al. 2013).  

 

Health and blood pressure (outcome) measurement 

 

Weight and height of each participant were measured following standard 

anthropometric techniques. Weight was measured on a digital electric balance 

(TANITA HD 318 Digital weighing scale, 150kg, ±0.1kg) and height was 

measured using S+M height measure scale-2m (Aaxis Pacific Healthcare, 

Australia) (manual provided in Appendix AF2 & A_Box2). The trained project 

staff recorded three measurements of blood pressure, at intervals of 10 

minutes between each measurement, from the right arm of the seated 
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participants after a 30-minute rest period using an OMRON HEM-7111 

automated sphygmomanometer following standard guidelines (Pickering et 

al., 2005) (manual provided in Appendix AF1 & A_Box1). The mean of the last 

two measurements was used in the analysis.  

 

5.5.2 Qualitative data collection 

 

To explore water supply and consumption related behaviours, impacts of 

water salinization and perceptions towards safe water in the coastal 

community, in-depth interviews (IDI) and focus group discussions (FGD) 

were conducted in two of the four villages of Amadi union. The selection of the 

villages was based on their drinking water sources- surface (e.g. pond) and 

groundwater (e.g. tube well). In total, 29 IDIs and 3 FGDs were conducted. A 

male researcher with Masters level education experienced in qualitative data 

collection was recruited to assist with the IDIs and FGDs, note taking and 

transcription of the interviews. 

 

5.5.2.1 In-depth Interviews (IDI) 

 

IDI provides more detail about an individual’s understanding and 

experiences. The male and female respondents for IDIs were selected 

purposively from the listing of household members prepared for the 

quantitative survey. To obtain a wider perspective on the water supply and 

consumption related behaviours we also included elder female members 

(mothers or mothers-in-law as appropriate) from the same household. 

Preference was given to include more female members because of their 

involvement as caregivers in the family and their known role in water 

collection and preparing food. At the commencement of the interview each 

participant gave consent following explanation of study objectives, 

expectations, risks, rights to withdraw and about audio recording. In the in-

depth interviews, respondents were asked about their water sources, water 

quality, collection of water, time and distance to travel to collect water, 

salinization of water sources, impacts of changing water quality due to salinity 
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on their health, perceptions about safe water and possible solutions towards 

water salinity. Each individual interview took about 30-45 minutes depending 

on the participants’ involvement with the subject matter. The interviews were 

conducted in Bangla, and noted manually or audio taped and transcribed by 

the investigator and research staff after the interview. In total 29 participants 

were interviewed. 

 

5.5.2.2 Focus Group Discussions (FGD) 

 

FGDs are a useful tool to explore people’s knowledge and experiences, and to 

find out how and why about their behaviour and practices (Liamputtong and 

Ezzy, 2005). In public health programs they are also useful to understand 

specific problems and evaluate existing programs. FGDs allow group 

interaction to generate information and participants can compare and 

contrast their views (Liamputtong and Ezzy, 2005).  

 

Focus group discussions were conducted with three community groups from 

Amadi union where surface (e.g. pond) water was the major source of 

drinking water in order to develop a better understanding of impacts of safe 

water scarcity in the community. These groups were involved with NGO 

driven water, sanitation and hygiene interventions in the area. The three 

groups were a mothers’ group, a youth group and a local disaster management 

committee. These groups represented caregivers of the family, young adults 

and the local level water management authority. In each group there were 6-8 

participants. For FGDs the participants came to the place designated for their 

regular meeting in the community with the NGO staff and at the beginning 

informed written consent was obtained from each of the participants 

attending. I oriented the recruited research staff about the objectives and 

guidelines of FGD. The research staff moderated each FGD and I assisted with 

the note taking. All FGDs were also audio recorded following consent from 

participants. Each FGD was conducted in Bangla and took about one hour. 

5.6 Data analysis  
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Descriptive statistics 

 

Data was checked for normality and extreme values using standard 

procedures. Descriptive statistics were used to present socio-demographic 

characteristics- age, sex, education, occupation and marital status. Level of 

education was measured in full years of schooling completed. Occupation was 

categorized into physical labour (unskilled and skilled labour), housewife and 

non-labour (student, professional etc.). Marital status was classified into 

married vs. non-married including separated, divorced, widowed and never 

married. A principal component analysis of basic housing construction 

materials (materials used to construct wall, roof, and floor of houses) and 

household belongings was applied to construct a wealth index score for each 

household. The scores were divided into low, middle and high tertiles. Body 

Mass Index (BMI) was calculated from measured weight and height for each 

subject (BMI=weight in kilogram/height in meter2) and categorized into 

underweight (<18.5), normal weight (18.5-24.9) and overweight (>24.9). For 

each food item the mean of 7-day intake frequency was calculated to represent 

usual diet consumption. 

 

Descriptive statistics were also used to describe water supply and 

consumption related variables- cooking water sources, duration of use (in 

months), distance (in kilometres-km), collection time (in hours), frequency of 

collection, taste of water and estimated daily amount of water consumed for 

drinking (in Litres –L). I also constructed a cumulative estimate for total 

distance travelled multiplying frequency of collection per day with travel 

distance for each collection. For the estimate of total time spent collecting 

water, frequency of collection per day was multiplied by sum of travel and 

collection time for each collection. I used mean and standard variation for 

continuous variables (e.g. duration of use, frequency of water collection), 

proportions for categorical variables (e.g. water source, distance categorized 

into 1km, 1-2km, >2 km) and compared them between groups using Student’s 

t-test, or Pearson’s chi2 test, as appropriate. Health problems observed related 

to water salinity were described with a percent value. 
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The level of salt consumption of the study population was presented as mean 

(+SD), minimum and maximum values. Abnormal sodium consumption was 

defined for urinary sodium level using the WHO cut-off point (≥2g 

sodium/day) and dichotomized into above (2g or above) and below the WHO 

recommended level (<2g) (WHO, 2013). 

 

For the first outcome measure (salt consumption and associated factors) I 

calculated proportions for categorical variables (e.g. sex, marital status, 

education category, salinity level by water sources) and compared them 

between groups (normal vs. above the recommended level) using Pearson’s 

chi2 test. For the second outcome measure (association between water salinity 

and BP) I calculated mean and standard deviation for continuous variables 

(e.g. age, education in years, BMI) and compared them between groups 

(acceptable vs. above acceptable limit for water salinity) using Student’s t-test. 

A complete case analysis technique was used for missing data (Pigott, 2001).  

 

Bivariate and multivariate logistic regression analyses 

 

To determine the factors associated with high salt (sodium) consumption a 

logistic regression model was used. The independent variables- sex, marital 

status, education, occupation, household wealth index, BMI, salt added in 

meals and major source of drinking water, with potential influence on the 

outcome (p<0.20) in bivariate analyses were included in multivariate model 

using the stepwise backward mode. The odds ratio with 95% CIs were 

calculated in order to assess the adjusted risk of independent variables and 

those with p<0.05 were retained in the final model. 

 

Bivariate and multivariate linear regression analyses 

 

I used linear regression analyses to explore the association between exposure 

to salinity through drinking water consumption and blood pressure. To obtain 

a meaningful interpretation of the estimate of the effect size of salinity 

concentration on BP in the regression analyses, categories of water salinity 

concentration were derived as above 600mg/L (high water salinity category) 
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and below 600mg/L (low water salinity category) using the acceptable level of 

salinity as determined by the Bangladesh standard for salinity concentration 

(Department of Public Health Engineering) as reference. In the multi-variable 

linear regression analyses we first adjusted for demographic variables (age, 

education, occupation, socio-economic condition and family history of 

hypertension) (Model 1); then adjusted for other factors including 

anthropometric and life style factors  (BMI, vegetables, fruits, fish intake and 

tobacco smoking/ chewing), which are known to affect cardiovascular health 

(WHO, 2002) (Model 2). We performed sensitivity analyses excluding cases 

who were previously told to be hypertensive by health providers  or currently 

taking blood pressure lowering medications. All statistical analyses were 

conducted in STATA version 12 and at 95% confidence interval. 

 

Qualitative data analyses 

 

All the data from IDIs and FGDs were transcribed in Bangla and then 

translated to English by the research assistant with Masters level education. 

The investigator checked the accuracy of the translation with the original 

transcript and hand-notes prior to data analyses. Thematic analyses were 

conducted with a focus on water sources, seasonal differences, water salinity 

and health impacts, and community perceptions towards safe water (as per 

Liamputtong and Ezzy, 2005). The data were searched and coded for 

differences and similarities between behaviors and practices related to water 

supply and consumption in the community, then grouped into categories. 

Subsequently categories and sub-categories were examined for connections 

and unified around themes. In addition the participants views obtained from 

FGD were also compared with individual views expressed during in-depth 

interviews. All the data analyses were conducted manually. 

 

A summary of the various data collection and analysis methods used for this 

mixed-methods study against each focus question is provided in Table 5.1. 
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Table 5.1: Methodology to address research question and focus questions for this research project 

Research 

questions 

Focus questions Research design Data collection Data analysis 

What are the health 

risks and water 

consumption 

associated with 

increasing 

salinization of 

drinking water in a 

selected community 

in coastal areas of 

Bangladesh? 

How does climate change and sea level rise 

affect salinization of water sources in coastal 

Bangladesh? 

Qualitative 

method 

Literature review, 

Review of secondary 

data 

Content analysis 

What are the health impacts of water salinity? Qualitative and 

quantitative 

methods 

Literature review, 

questionnaire 

interview 

Content and 

descriptive 

analyses 

What is the risk of higher drinking water 

salinity on salt consumption and blood 

pressure among a coastal population in 

Bangladesh? 

Quantitative 

method 

Questionnaire 

survey, direct 

measurement of 

biomarkers  

Descriptive and 

regression 

analyses 

What are the current water supply issues and 

how are the people responding to changes in 

water quality due to increasing salinization of 

water in coastal areas of Bangladesh? 

Qualitative 

method 

In-depth interview, 

FGD, survey data 

Thematic and 

descriptive 

analyses 
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5.4 Ethical considerations, validity and reliability  
 

Prior to implementation ethical approval for this research study was sought 

from the Human Research Ethics Committee both at Griffith University (GU 

Ref No: ENV/09/14/HREC) and icddr,b (the Bangladesh partner agency). All 

the eligible respondents consented via the standard written consent form for 

participation. The trained research staff explained the study objectives to the 

participants. Participation in the study was completely voluntary and the 

participants were allowed to withdraw themselves at anytime during their 

participation. All the study instruments were translated into Bangla considering 

the study setting. No invasive procedure was performed in this research. Only 

collection of urine samples and health assessments were used, therefore there 

was no physical harm associated with participation. Moreover withdrawal from 

the study did not restrict individuals seeking health services from the existing 

government or non-government organizations.  

 

Study data were only accessible to the investigator, and respondent 

identification information was removed during the transcript process, analyses 

of data, thesis writing and publications. Informant information is mentioned in 

a de-identified way when citing direct quotations within the findings chapters. 

 

All the research staff were trained on the research protocol. Standard 

procedures were followed for training and data collection procedures. An 

available validated questionnaire in similar settings was used for data collection 

(e.g. household characteristics, food frequency, BP). Additional data collected as 

per the study objectives was pretested and incorporated into final data 

collection tools. Standard instruments as recommended by WHO and used in 

similar settings were used for blood pressure measurement. In-field training 

was also provided to the research staff for using instruments. The biological 

(urine) and environmental (water) samples were analysed at the internationally 

accredited icddr,b research laboratory. During IDI and FGDs, efforts were made 

not to bias the responses while guiding the participants’ interviews and 

discussions.  
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I was regularly in the field and directly supervised and monitored data 

collection and conducted random household visits to check data reliability. Any 

data inconsistency was discussed with the research staff and resolved upon 

consultation. Besides conducting regular field visits during data collection, I 

also conducted regular checks of the collected data (that reduced recall 

problems) and solved any data problem upon consultation. This research used a 

mixed methods design and multiple data collection techniques, which allowed 

for triangulation of results hence improving the reliability of findings. 

 

5.5 Conclusion 

 
This chapter provided the conceptual framework that established the 

basis of this study. The study design, settings, inclusion and exclusion criteria 

for the target population, recruitment and data collection procedures were 

outlined. Analyses for both quantitative and qualitative data were described 

along with issues of rigor, validity and ethics. The next chapter will discuss the 

findings of the quantitative part of this research related to water salinity, salt 

exposure and blood pressure. 
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Chapter 6- Water salinity, salt exposure and effects 

on blood pressure 

 

6.1 Introduction 
 

This chapter presents the findings of the quantitative survey, quantifies salt 

consumption and examines the association between water salinity, salt 

consumption, and blood pressure. As mentioned in Chapter 5 I used both direct 

and indirect approaches to measure salt exposure in the study population and 

recorded blood pressure of the study participants as an important biomarker for 

important chronic diseases such as cardiovascular and kidney diseases.  

6.2 Characteristics of the study participants 

 

Table 6.1 presents the demographic, socio-economic and nutritional 

characteristics of the study participants. About 64% of the respondents were 

female and the majority of them were housewives. Sixty-four percent of the 

respondents were married. More than 70% of the respondents had an education 

above primary level. One third of the participants belonged to the highest 

wealth tertile. Half of the participants had reported about consuming additional 

salt during meals. More than 40% of the study participants were malnourished 

and presented as either undernourished (BMI <18.5) or overweight (BMI 

>24.9). Around one-quarter of the study participants had a reported family 

history of hypertension. 

Table 6.1 Characteristics of the study population in Koyra, a coastal sub-district, 

Bangladesh, 2014  
(N=310*) 

 N % 

Sex 

Female 

Male 

 

198 

112 

 

63.9 

36.1 

Marital status 

Married 

Currently not married (single, divorced 

 

200 

110 

 

64.5 

35.5 
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 N % 

or widowed) 

Religion 

Islam 

Hindu 

Christian 

 

282 

18 

10 

 

91.0 

5.8 

3.2 

Education (n=305) 

Primary or below (0-5 y) 

Secondary incomplete (6-9 y)        

Secondary completed or higher (>=10 y)  

 

84 

123 

98   

 

27.5      

40.3 

32.1        

Occupation  

Non labour  

Housewife 

Physical labour               

       

81        

108 

121   

 

26.1     

34.8     

39.0 

Wealth index$ (n=261) 

Low  

Middle 

High 

 

90 

85 

86 

 

34.5 

32.6 

32.9 

Drinking water 

Tube well 

Surface/pond water  

 

187 

123 

 

60.3 

39.7 

BMI 

Underweight <18.5  

Normal weight 18.5-24.9  

Overweight >24.9  

         

79 

174 

 57  

 

25.5       

56.1       

18.4       

Added salt in meals 

Yes 

No  

 

157 

153 

 

50.6 

49.3 

Family history of hypertension 

(n=261) 

Yes 

No 

 

 

59 

202 

 

 

22.6 

77.4 

$ Based on number of households *Cases with missing data were excluded (n=5) 

 
Dietary pattern 
 
Figure 6.1 presents the food consumption history of study participants (self-

reported for the past 7 days). It indicates that rice is most frequently consumed 

(everyday of the week), followed by fish and potato (5 days of the past week) and 

less frequently vegetable and fruits (around 2-3 days in a week). 

 



 115 

 

 

Figure 6.1 Self-reported food consumption patterns (times in the past 7 days) of 
study participants in Koyra, Bangladesh, 2014  
(n=261) 

6.3 Water salinity and salt consumption2 

6.3.1 Water salinity 

 

The analyses of water salinity and salt exposure were restricted to 282 cases 

with completed urine analysis and water salinity data. Tube well and ponds 

were the major sources of drinking water, and tube well water was used by two-

thirds of the population (Table 6.1). Mean water salinity (sodium) level in tube-

well water was 884 mg/L (95%CI: 820, 949) and in surface/ pond water it was 

738mg/L (95%CI: 620, 856). This difference was statistically significant 

(p=0.01) (Figure 6.1). Moreover the salinity level in both the sources were above 

the Bangladesh standard for drinking water quality (>600mg/L). The water 

                                                        
2 The resuts of this section have been published in the Journal of Water and 

Health. The full reference is: Talukder, M.R.R., Rutherford, S., Phung, D., Malek, A., 

Khan, S., & Chu, C. (2015). Drinking water contributes to high salt consumption in 

young adults in coastal Bangladesh. Journal of Water and Health, 14 (2); 293-

305 
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sodium level in both the sources was about 40 times higher than recommended 

by the US Environmental Protection Agency (20mg/L) (EPA, 2003) 

 
*p for mean value= 0.01 

Figure 6.2. Mean water salinity (sodium) level (mg/L) in drinking water sources 
of the study participants in Koyra, Bangladesh.  
Boxes represent inter quartile range (IQR) with the line at the median.  

 

6.3.2 Salt consumption 

 

Table 6.2 presents the spot urinary sodium, potassium, chloride and creatinine 

concentration and urinary Na-Cr ratio in the study sample. The mean spot 

urinary sodium (106.3mmol/L ~ 2.4g) was above the WHO recommended level 

(<2g/day). The mean values of spot urinary potassium, chloride and creatinine 

were 32mmol/L, 136mmol/L and 8mmol/L respectively.  

 

 

 

 

 

 

Mean*- 884 mg/L  

(95%CI 820, 949) 
Mean*- 738 mg/L  

(95%CI 620, 856) 
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Table 6.2 Urinary sodium, potassium, chloride, creatinine and urinary Na/Cr* 

in young adults (n=282) in Koyra, Bangladesh, 2014  
Urinary electrolytes  

mmol/L (sd) 

Mean (sd) Median (IQR^) Range 

Urinary sodium 

(UNa) 

106.3 (74.6) 92.5 (43.7, 155.5) 10.5, 394.0 

Urinary potassium 31.6 (23.3) 27.8 (2.0, 97.7) 2.0, 159.8 

Urinary chloride  136.2 (89.6) 122.1 (54.2, 207.8) 12.0, 415.2 

Urinary creatinine 

(UCr) 

8.4 (6.6) 6.8 (3.4, 11.4) 0.3, 39.8 

UNa/UCr* 15.7 (9.5) 13.2 (9.0, 21.2) 1.6, 62.4 

* Urinary sodium/creatinine ratio; n=279 

^IQR= interquartile range 

 

The estimated 24-hour urinary sodium level derived using different formulas 

also indicated mean salt consumption was higher than the WHO recommended 

level (>85mmol/day) (Figure 6.3). The median value for both the spot and 24-

hour sodium estimate were also above the recommended level.  
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Figure 6.3. Estimated 24hr urinary sodium level (mmol/L) of study participants 
in Koyra, Bangladesh using different formulas*.  
Boxes represent inter quartile range (IQR) with the line at the median. (n=279) 

* Formulas described by Cogswell et al. (2013) 

 

As indicated in Table 6.3, overall 53% of the study participants had sodium 

consumption above the WHO recommended level. High sodium consumption 

was higher among the married, housewives and those who were additional salt 

users.  Compared to pond/ surface water, tubewell water users had significantly 

higher sodium consumption.  
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Table 6.3: Percent of sodium consumption above the WHO recommended level 

(2g and above) by characteristics of the study population in young adults 

(n=282) in Koyra, Bangladesh, 2014 
 Percent above the WHO 

recommended level (%) 

p value 

Overall 52.8  

Sex 

Female 

Male 

 

55.7 

47.4 

 

 

0.187 

Marital status 

Married 

 

59.3 

 

0.002 

Religion 

Islam 

 

52.4 

 

0.356 

Education (n=278) 

Primary or below (0-5 y) 

Secondary incomplete (6-9 y)        

Secondary or higher (>=10 y)  

 

55.7 

54.0 

48.8 

 

  

 

0.647 

Occupation  

Non labour  

Housewife 

Physical labour                

 

40.3 

61.8 

52.8 

 

 

 

0.020 

Wealth index$ (n=239) 

Low  

Middle 

High 

 

53.0 

50.0 

52.4 

 

 

 

0.926 

Drinking water 

Tube well 

Surface/pond water  

 

61.1 

38.2 

 

 

<0.001 

BMI 

Underweight <18.5  

Normal weight 18.5-24.9  

Overweight >24.9  

 

53.3 

52.3 

53.7 

 

 

 

0.922 

Added salt in meals 

Yes 

No  

 

58.9 

45.8 

 

 

0.027 

Family history of 

hypertension (n=239) 

Yes 

No 

 

 

53.4 

51.4 

 

 

 

0.784 
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6.3.4 Factors associated with high salt consumption: the association 

between water salinity and salt consumption  

 

Bivariate analyses showed that being married, being a housewife, from the 

middle wealth quintile and adding extra salt in meals were associated with high 

sodium consumption. The source of drinking water was also associated with 

increased consumption of sodium. Compared to pond water, tube well water 

was associated with significantly higher intake of sodium in the study 

respondents (Table 6.3). 

 

In the adjusted analyses, being married, tube well water users and being in the 

middle wealth quintile were significantly associated with high sodium 

consumption. The users of tube well water were more than 2 times more likely 

to consume high sodium than the users of pond water (AOR 2.43, 95%CI 1.38-

4.30). Among the subjects who were married the odds of high salt consumption 

were 2.5 times higher than the non-married group and the odds of high salt 

consumption was higher among the middle wealth quintile group (AOR-middle 

2.24, 95% CI 1.13-4.44)   (Table 6.4). 

Table 6.4 Factors associated with high sodium intake (^) in young adults in 

Koyra, Bangladesh, 2014  
Variables Unadjusted Adjusted 

 OR 95% CI OR 95% CI 

Sex 

Male 

Female 

 

1.00 

1.39 

 

 

0.85-2.28 

  

Marital status 

Currently not married 

Married 

 

1.00 

2.20** 

 

 

1.33-3.65 

 

 

2.52** 

 

 

1.38-4.59 

Education 

Primary or below  

Secondary incomplete  

Secondary or higher  

 

1.00 

1.23 

1.32 

 

 

0.70-2.15 

0.71-2.43 

  

Occupation 

Non labour 

Housewife          

Physical labour 

 

1.00 

2.39** 

1.66 

 

 

1.29-4.44 

0.91-3.03 
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Variables Unadjusted Adjusted 

Wealth tertiles 

Low  

Middle 

High 

 

1.00 

1.95* 

1.30 

 

 

1.03-3.71 

0.71-2.39 

 

 

2.24* 

 

 

1.13-4.44 

Drinking water sources 

Surface/pond water  

Tube well 

 

1.00 

2.54*** 

 

 

1.54-4.18 

 

1.00 

2.43** 

 

 

1.38-4.30 

Added salt in meals 

Yes 

No  

 

1.70* 

1.00 

 

1.06-2.72 

 

 

 

 

BMI 

Underweight <18.5  

Normal weight 18.5-24.9  

Overweight >24.9  

 

1.04 

1.00 

1.06 

 

0.60-1.81 

 

0.57-1.97 

  

^ Based on WHO (≥2g sodium/day) recommendations 

*p<0.05 **p<0.01 ***p<0.001 

 

The majority of the married population (80%) was female aged 19-25 years. 

This is to some extent in contrast to the observation that men consume more 

salt than women in other parts of the world (Powles et al., 2013) and as 

explained by researchers could be attributable to more food intake by men 

(Elliott & Brown 2007). Higher salt consumption by females in our study could 

be due to changing female roles: i.e. being married means taking on the role of 

caregiver for the whole family in such settings and hence increased involvement 

with the food preparation, therefore potentially consuming more salt (Rasheed 

et al., 2014). High salt exposures in their early reproductive age period may 

make these young women more prone to develop eclampsia or pre-eclampsia 

during pregnancy, a finding already reported in similar settings (Khan et al., 

2014). 
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6.4 Water salinity and effect on blood pressure3 

6.4.1 Characteristics of the study participants by salinity categories 

 

Table 6.5 presents the characteristics of the study participants by salinity 

categories. Included in the analyses was data from participants who had 

completed data for both water salinity and blood pressure and who were not 

from the same household (N=253). The mean age of the study subjects was 22.1 

(SD± 2.1) years and the mean number of years of education was 8. Around one-

fifth of the respondents reported a family history of hypertension. The mean 

body mass index (BMI) was 21.5 ± 4.2 and from this measurement 43% can be 

classified as malnourished due to overweight or underweight (Table 6.1). Nearly 

80% of the participants (n=193) reported frequent fish consumption in a week 

(more than 3 days). Only one-third of the participants reported vegetable and 

fruit intake more than 3 days/week. The mean days of fish consumption was 

almost five in seven days in a week, while vegetable and fruit were consumed for 

less than half a week. Less than one third of the respondents reported smoking 

or chewing of tobacco products (Table 6.1).  

 

There was a significant difference in salinity concentration between the two 

water salinity categories. The mean estimated value for 24-hour urinary sodium 

based on the INTERSALT study formula was 2.8 g/day (SD± 0.7), which was 

well above the WHO recommended level of <2g/day. Mean values of systolic 

(SBP) and diastolic (DBP) blood pressures were 111 mm/Hg (SD±10) and 66 

mm/Hg (SD±9), respectively. Respondents in the high water salinity category 

(600 mg and above) had a statistically significantly higher SBP level than those 

in the low category (< 600mg) (p=0.008). A statistically significantly higher 

DBP level was also observed in the group consuming water with high salinity 

than the reference category (p=0.026) (Table 6.5).   

 

                                                        
3 The results for this section have been published in the Environmental Pollution 

journal. The full reference is: Talukder, M.R.R., Rutherford, S., Phung, D., Islam, M.Z., 

& Chu, C. 2016. The effect of drinking water salinity on blood pressure in young adults 

of coastal Bangladesh, Environmental Pollution, 214 (2016): 248-254 
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Compared to the low salinity in water exposure category, a higher proportion of 

the non-labor population (presumably less active) was observed in the higher 

salinity category. The respondents in the high water salinity category had 

significantly more intake of fish than the low category (p= 0.003). BMI did not 

differ between the salinity categories. 

Table 6.5 Characteristics of the respondents by salinity categories in Koyra sub-

district, Bangladesh 2014 (N=253) 

Characteristics* Water salinity 

(<600 mg) 

n=88 

Water salinity 

(600 mg and 

above) 

n=165 

p-

value 

Sex (female) [n (%)] 66 (75.0) 85 (51.5) <0.001 

Age (years) 22.5 (2.2) 21.8 (2.1) 0.013 

Education (years) (n=249) 7.9 (2.4) 8.1 (2.9) 0.676 

Occupation [n (%)] 

Non labor 

Housewife 

Physical labor 

 

13 (14.8) 

38 (43.2) 

37 (42.0) 

 

57 (34.5) 

42 (25.4) 

66 (40.0) 

 

 

 

0.001 

Wealth index [n (%)] 

Low 

Middle 

High 

 

35 (39.8) 

21 (23.9) 

32 (36.4) 

 

50 (30.3) 

63 (38.2) 

52 (31.5) 

 

 

 

0.065 

Family history of 

hypertension [n (%)] 

20 (22.7) 36 (21.8) 0.868 

Weight (kg) 47.9 (8.6) 50.7 (8.3) 0.011 

Height (cm)  148.1 (10.9) 155.2 (11.4) <0.001 

BMI (kg/m2)  22.0 (4.4) 21.3 (4.1) 0.159 

Vegetable intake (days in 

a week) 

3.1 (1.7) 3.0 (1.7) 0.735 

Fruit intake (days in a 

week) 

2.7 (2.5) 2.5 (2.6) 0.646 

Fish intake (days in a 

week) 

4.5 (2.3) 5.3 (1.8) 0.003 
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Characteristics* Water salinity 

(<600 mg) 

n=88 

Water salinity 

(600 mg and 

above) 

n=165 

p-

value 

Tobacco consumption** [n 

(%)] 

23 (26.1) 46 (27.9) 0.767 

Water salinity level 

(mg/L) 

323.9 (135.6) 1080.6 (415.4) <0.001 

Estimated urinary 

sodium*** (g/day) (n=231) 

2.7 (0.6) 2.8 (0.8) 0.327 

Systolic Blood Pressure 

(mmHg) 

108 (10) 112 (10) 0.008 

Diastolic Blood Pressure 

(mmHg) 

65 (9) 67 (9) 0.026 

* Data shown as the mean ± standard deviation (SD), or percentage 
** Smoking/ chewing/ both 
***24hour sodium level was estimated using INTERSALT study formula 
 

6.4.2 Water salinity, and SBP and DBP 
 
Table 6.6 presents the relationships between two measures of salt intake; 

drinking water salinity and estimated urinary sodium, and SBP and DBP based 

on multivariable linear regression analyses. The multivariable linear regression 

analyses (Model 1) revealed that compared to the low water salinity exposure 

category those in the high water salinity category showed significantly higher 

SBP (β-Coefficient 3.82, 95% CI: 1.18, 6.46, p=0.005) and DBP (β-Coefficient 

2.68, 95% CI: 0.28, 5.09, p=0.03) (Table 6.6). Further adjustment for BMI and 

life style factors (Model 2) reduced slightly the effect estimates for SBP (β-

Coefficient 3.46, 95% CI: 0.75, 6.17, p=0.01) but they remained statistically 

significant (Table 6.6). In unadjusted regression analyses the highest tertile of 

estimated urinary sodium was associated with higher SBP (β-Coefficient 3.95, 

95% CI: 0.72, 7.18, p=0.02) but not with DBP (β-Coefficient -1.71, 95% CI: -

4.60, 1.18, p=0.25) and this effect was lost in the adjusted analyses (Table 6.6). 

No significant difference between males and females was observed in the 
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stratified analyses by sex except a positive effect on DBP for females in the high 

saline category (Table 6.7). 

 

In sensitivity analyses, additional adjustment in Model 2 for participants 

reporting to be hypertensive (told by health providers) (n=14) (AT1 in the 

Appendix), or having blood pressure lowering medicines (n=9) (AT2 in the 

Appendix) did not change the estimate of effect of water salinity on blood 

pressures. 
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Table 6.6 - Multivariable linear regression analyses showing the relationship between exposure from water salinity (mg/L) 

and estimated urinary sodium (mmol/day) by categories and Systolic Blood Pressure (SBP) and Diastolic Blood Pressure 

(DBP) 

 
 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

Water salinity level (n=253)  

<600 mg 

600 mg and above 

Model 1* 

Model 2** 

Ref 

3.57  

3.82  

3.46  

 

0.94, 6.19 

1.18, 6.46 

0.75, 6.17 

 

0.008 

0.005 

0.01 

Ref 

2.65  

2.68  

2.77  

 

0.31, 5.00 

0.28, 5.09 

0.31, 5.24 

 

0.03 

0.03 

0.03 

Estimated urinary sodium (mmol/day) (n=239)  

Unadjusted 

42.0-104.4  

104.5-128.1  

128.2-291.7 

Adjusted (Model 1*) 

42.0-104.4  

104.5-128.1  

 

Ref 

2.04 

3.95  

 

- 

1.76 

 

 

-1. 18, 5.26 

0.72, 7.18 

 

 

-1.49, 5.01 

 

 

0.21 

0.02     

 

 

0.29 

 

Ref 

-0.26  

-1.71  

 

 

0.49  

 

 

-3.15, 2.62 

-4.60, 1.18 

 

 

-2.44, 3.42 

 

 

0.86 

0.25    

 

 

0.74 
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 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

128.2-291.7 

Adjusted (Model 2**) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

3.26 

 

- 

1.82 

2.56 

-0.01, 6.53 

 

 

-1.48, 5.14 

-0.87, 5.99 

0.05 

 

    

0.28     0.14 

-1.46  

 

 

0.16  

-2.40  

-4.41, 1.49 

 

 

-2.79, 3.11 

-5.46, 0.65 

0.29     

 

 

0.91    0.12 

*Model 1, adjusted for demographic variables- age, education, occupation, wealth index, family history of hypertension 

**Model 2, adjusted for demographic variables plus anthropometric variable (BMI) and life style factors (vegetable, fruit, fish intake 

and tobacco smoking/ chewing) 
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Table 6.7 Multivariable linear regression analyses showing the relationship between exposure from water salinity (mg/L) and 

estimated urinary sodium (mmol/day) by categories and Systolic Blood Pressure (SBP), and Diastolic Blood Pressure (DBP) 

stratified by gender 

 
Male       

 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

Water salinity level (n=102) 

<600 mg 

600 mg and above 

Model 1* 

Model 2** 

Ref 

1.21  

1.05  

1.54  

 

-3.34, 5.76 

-3.79, 5.89 

-3.57, 6.65 

 

0.60 

0.67 

0.55 

Ref 

1.55 

1.14  

2.34  

 

-2.56, 5.66 

-2.85, 5.12 

-1.84, 6.53 

 

0.46 

0.57 

0.27 

Estimated urinary sodium (mmol/day) (n=93)  

Unadjusted 

42.0-104.4  

104.5-128.1  

128.2-291.7 

Adjusted (Model 1*) 

42.0-104.4  

104.5-128.1  

 

Ref 

-0.24  

-1.33  

 

Ref 

1.70  

 

 

-7.77, 7.30 

-8.58, 5.92 

 

 

-6.15, 9.55 

 

 

0.95 

0.72 

 

 

0.67 

 

Ref 

2.81  

1.63 

 

Ref 

5.43  

 

 

-3.76, 9.38 

-4.68, 7.94 

 

 

-0.72,11.58 

 

 

0.40 

0.61 

 

 

0.08 
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128.2-291.7 

Adjusted (Model 2**) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

-0.51 

 

Ref 

1.02  

-2.64  

-7.87, 6.85 

 

 

-6.97, 9.00 

-10.53,5.25 

0.89 

 

 

0.80 

0.51 

2.87  

 

Ref 

4.83  

1.67  

-2.90, 8.64 

 

 

-1.38, 11.04 

-4.46, 7.81 

0.33 

 

 

0.12 

0.59 

Female       

Water salinity level (n=151) 

<600 mg 

600 mg and above 

Model 1* 

Model 2** 

Ref 

2.40  

2.87 

2.35  

 

-0.75, 5.55  

-0.27, 6.01 

-0.88, 5.58 

 

0.13 

0.07 

0.15 

Ref 

3.62 

3.69  

3.38  

 

0.60, 6.63 

0.59, 6.78 

0.21, 6.54 

 

0.02 

0.02 

0.04 

 

Estimated urinary sodium (mmol/day) (n=146)  

Unadjusted 

42.0-104.4  

104.5-128.1  

128.2-291.7 

Adjusted (Model 1*) 

42.0-104.4  

104.5-128.1  

 

Ref 

-0.31  

1.94 

 

Ref 

-1.50  

 

 

-4.00, 3.37 

-2.43, 6.31 

 

 

-5.22, 2.22 

 

 

0.87 

0.38 

 

 

0.43 

 

Ref 

-0.38  

-1.79  

 

Ref 

-0.46  

 

 

-3.94, 3.18 

-6.02, 2.44 

 

 

-4.17, 3.24 

 

 

0.83 

0.40 

 

 

0.80 
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128.2-291.7 

Adjusted (Model 2**) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

0.30  

 

Ref 

-1.00  

-0.04  

-4.15, 5.01 

 

 

-4.89, 2.88 

-4.83, 4.75 

0.85 

 

 

0.61 

0.99 

-2.41 

 

Ref 

-0.27  

-3.33  

-6.97, 2.14 

 

 

-4.11, 3.56 

-8.06, 1.40 

0.30 

 

 

0.89 

0.17 

*Model 1, adjusted for demographic variables- age, education, occupation, wealth index, family history of hypertension 

**Model 2, adjusted for demographic variables plus anthropometric variable (BMI) and life style factors (vegetable, fruit, fish intake 

and tobacco smoking/ chewing)
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6.5 Conclusion 
 
The results presented in this chapter indicate that both the surface water and 

ground water sources in the study area of coastal Bangladesh were 

contaminated with high salinity (sodium) concentration above the national 

(>600mg/L) and international (e.g. 20mg/L from the USEPA guideline) 

recommended levels for sodium. Fifty three percent of the young adults (19-25 

years) in coastal Bangladesh had average urinary sodium content above the 

recommended level (>85mmol/day~>2g/day). Compared to surface water users 

ground water users had statistically significantly higher sodium (salt) 

consumption. The consumption of highly saline drinking water (>600mg/L) 

was also positively associated with a higher BP in the studied population. 

Salinity concentration in potable water above the acceptable range i.e. 

600mg/L, which was consumed by more than two-thirds of the study 

population, led to an approximate 3 mmHg rise in both SBP and DBP. In the 

next chapter water supply and community water consumption issues relating to 

increasing water salinity are described. 
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Chapter 7- Water consumption in coastal 

Bangladesh 

 

7.1 Introduction 
 
This chapter describes water supply issues and consumption behavior of the 

population in the target salinity-affected area of Bangladesh. The findings of 

this chapter are based on both survey and qualitative data.  Qualitative data 

also includes the community perceptions about changes in water quality from 

high salinity concentration in water.       

 

7.2 Characteristics of water consumption 

 

In this section data from 261 respondents were included in the analyses. The 

sources of drinking water were presented in Table 6.1. Tube wells and ponds 

are the two major sources of drinking water (Table 6.1). The other features of 

water supply and consumption in the community are presented in Table 7.1.  

Table 7.1 Water supply and consumption characteristics for the respondents 

in Koyra, Bangladesh, 2014  

(n=261) 
 
Features a N % 

Cooking water sources (n=255) 

Pond 

Tubewell 

 

129 

126 

 

50.6 

49.4 

Months used water sources in a year  

 

Mean (sd) 

 

 

245 

 

 

11.1 (1.7) 

Distance travelled for collection of water 

(kilometers)         

[overall] Mean (sd) 

By sources 

Pond  

Tubewell 

 

 

261 

 

104 

157 

 

 

0.28 (0.26) 

 

0.41 (0.26) 

0.21 (0.22)* 
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Features a N % 

Frequency of drinking water collection                                                 

[overall] Mean (sd) 

By sources 

Pond  

Tubewell 

 

261 

 

104 

157 

 

2.8 (1.4) 

 

2.2 (1.0) 

3.2 (1.4)* 

Total daily time spent collecting water 

(hours) (frequency*[travel time 

+collection time for each collection])                        

Mean (sd) 

By hours 

Less than 1 hour (%) 

1 – 1.5 hours (%) 

More than 1.5 hours (%) 

 

 

 

261 

 

203 

50 

8 

 

 

 

0.6 (0.5) 

 

77.8 

19.1 

3.1 

Total daily distance travelled collecting 

water (kilometers) (frequency*distance 

for each collection)                                         

Mean (sd) 

By distance categories 

Less than 1 kilometer (%) 

1-2 kilometers (%) 

2+ kilometers (%) 

 

 

 

261 

 

154 

96 

11 

 

 

 

0.7 (0.9) 

 

59.0 

36.8 

4.0 

Amount of water consumed daily 

(number of glasses)  

Mean  (sd) 

 

 

259 

 

 

11.9 (3.5) 

Estimated b daily consumption of water 

(liter)  

Mean (sd) 

 

 

259 

 

 

3.0(0.9) 

Taste of drinking water 

Normal/not salty (%) 

Salty (%) 

 

227 

34 

 

87.0 

13.0 

*p<0.001 
a data presented as mean (standard deviation) or percentage 
b estimated assuming 250ml per glass 
  

In terms of cooking water, the use of pond water was higher than tubewell 

water. The mean duration of use of water from the sources was 11+1 month. 

The average distance the respondents travelled to collect drinking water was 

around 300 meters, which was significantly higher for pond than tubewell 

water users (Table 7.1). On average the respondents collected water three 

times in a day from the sources. The average time spent daily for collection of 
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water was around 1 hour (50minutes). Around one third (31%) of the 

respondents spent at least one or more hour and about 40% of the population 

had to travel one or more kilometers daily for collection of water (Table 7.1). 

On average respondents drank 12 glasses of water daily. Only 13% of the 

respondents mentioned that their drinking water tasted salty. 

 

7.3 Water salinity and reported health problems 

 

Only 6% of the respondents reported any health problem from using these 

water sources. The reported health problems were dominated by diarrhoea 

and dysentery (n=11), followed by a small number reporting gastric issues 

(n=4) and skin problems (n=2). None of the respondents reported high blood 

pressure or hypertension as a result of using high saline drinking water. 

 

7.4 Qualitative research findings 

 

Half of the 29 informants for IDIs were female and a majority of them were 

housewives. Seventeen respondents were aged below 25 years and two-thirds 

of the participants had above primary level education (above class 5). Three 

FGDs were conducted with youths, mothers and a Community Disaster 

Management Committee (CDMC).  

 

7.4.1 Water supply and consumption 

7.4.1.1 Type of water sources 

 

Similar to the survey findings, the IDIs and FGDs revealed that surface water 

(pond) and ground water (tube well) were the main sources of domestic water 

supply. Very few informants used rainwater, and those that did only did so 

short-term during the wet season. The majority of the respondents collected 

and consumed water from a single source. However, in some households, 

especially during the dry season, respondents used water from multiple 
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sources (e.g. water from more than one pond or from both pond and tube 

well): 

 

“During dry season (starting from January-February) we face lot of 

problems---, we have to collect water from several sources e.g. Chandipur 

pond, Primary school tube well and pond)  (IDI respondent), and 

 

“In our area we usually use water from ‘----- Pond’ for drinking, --- during 

dry season we face difficulties-----, as the pond dries up during dry season 

people collect water from ‘----- tube well’, some also buy water” (FGD 

respondent of youth group). 

 

7.4.1.2 Time of year difference 

 

During the dry season months as the water availability declines and the 

quality of water deteriorates informants reported travelling to another source 

(either pond or tube well) for water collection. In contrast during the wet 

months people consumed water from ponds that had been abandoned during 

the dry period as they became rain-filled:  

 

“We can use water from pond near our home only during wet months, - 

during dry period it dries up and becomes unsuitable for drinking” (IDI 

respondent) 

 

7.4.1.3 Water salinity and impacts 

 

Both men and women in this community recognized the problem of salinity in 

their water sources and described that salinity was posing significant impacts 

on their livelihoods. The young respondents mentioned that they had been 

exposed to the salinity problem since their birth. Because of salinity, boring of 

tube wells was unsuccessful in most parts of the area. According to them the 

ground water i.e. tube well water was more saline than surface water i.e. pond 
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water and most of the tube well water was not suitable for drinking, cooking 

or other purposes e.g. irrigation: 

 

 “We do not have any alternative than pond water for low saline water. In 

our area boring a tube well only yields saline water, we cannot use this 

water. We cannot boil our rice with this water and cooked curry becomes 

unsuitable for eating”.  (FGD respondent of Mothers’ group); and 

 

“We cannot grow crops due to saline water, tube well water is too saline to 

drink and only suitable for using for other purposes” (FGD respondent of 

youth group) 

 

The reasons for saltwater intrusion in this area as described by the young 

respondents were rising sea level, reduced river flows, increased 

sedimentation, and pumping of seawater inland for shrimp farming. The 

participants also recognized that salinization of water was increasing 

progressively and moving inland. As described by the FGD participants in 

their own language - “Earlier, people used to produce salt by the Sipsha river 

side, which is 10km from here, now we can produce salt at our home”.  

 

It appeared that all the FGD groups recognized the threat of climate change 

and sea level rise on water quality, particularly on increasing water salinity in 

their areas. However the youths were also more aware about the associated 

human-induced causes of elevated water salinity such as the pumping of 

seawater for shrimp farming causing high salinity in water. The FGD groups 

were also consistent about the cause of saltwater intrusion as a result of 

reduced river flow in their areas. 

 

During the dry season the water becomes saltier and the water crisis worsens. 

Often they have to drink poor quality water i.e. saltier, foul smelling or travel 

long distances to collect water to meet their daily requirements. Moreover 

during the dry season as the water sources become scarce and salty, the 

demand for fresh water sources becomes intense:  
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“During dry season people from several neighboring villages come to collect 

water from our ponds, therefore we have to wait in a long queue for water 

collection” (FGD respondent of CDMC).   

 

Traveling long distances often means they are unable to collect enough water 

for their use and have to compromise on water quality:  

“We can collect only one pitcher from this far, which is not sufficient. Then 

we mix and dilute this water with water from other nearby sources (ponds in 

this case, where water becomes foul smelling and bluish or greenish during 

summer) and drink” and 

 

“The water we collect for drinking from distant we keep this water only for 

drinking, ---- use another sources for cooking, washing etc.” (IDI 

respondent)  

One female respondent also mentioned that she did not collect water from an 

improved source because of the long distance and time for travel and wait for 

collection.   

 

In all households interviewed, women were involved with the collection of 

water. Women reported travelling a maximum distance by foot to collect 

drinking water of 1 kilometer, taking approximately one hour: 

“During dry season we collect water from either ‘----- pond’, or primary 

school pond or tube well, these are very far from our house, ------- it takes 

one hour to go and come back on foot” (IDI respondent) 

 

This translates into approximately 2 kilometers of walking and approximately 

2 hours spent for drinking water collection. From the above expression it 

appears that if they were to collect more water they had to travel long 

distances and spent more time for water collection. This travelling distance 

was also consistent with the survey data. 
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Health problems and care seeking  

 

There was little awareness among the respondents about health problems of 

high saline (salt) water. Further probing during in-depth interviews revealed 

that in every household, diarrhea, dysentery and gastric were common health 

problems among family members. During the dry period as the water quantity 

reduced, people frequently suffered from enteric problems such as diarrhea. 

Some respondents also mentioned about hemorrhoids (piles) and skin 

diseases. Awareness relating to consequences of consuming saline water or 

increased salt consumption on blood pressure was very low. The FGD groups 

did not differ about the reported health problems related to water quality. 

However they were not aware that if elevated water salinity was causing these 

health problems. The groups also mentioned about increasing health 

problems during the dry season as water quantity and quality declined. 

 

Some respondents mentioned that travelling long distances or carrying water 

containers was associated with physical pain, waist pain, chest pain and 

sometimes numbness of the limbs. As mentioned by the female respondent 

during IDI- “We face many problems carrying the pitcher (water container), 

such as, pain in our arms, waist and body. Sometimes our legs become less 

responsive carrying the heavy container”. 

 

 

The direct use of pond water in this community was a common practice. Those 

that reported a form of treatment identified boiling and fitkari (Alum) as 

methods used for water purification. Some informants also reported that they 

settle the water for a while to make the water clear. There was no distinct 

pattern in purifying drinking water by educational status of the respondents. 

While respondents with no formal education used some water purification 

techniques, respondents with higher education level used the water directly. 

No purification/ treatment for tube well water was reported, as informants 

reported that they believed these sources to be safe. In the focus groups it was 

also found that only a few had used some measures of water purification (e.g. 

fitkiri/alum, filtration) especially during dry season. Most of them indicated 



 139 

that they drink water directly from the source even the surface water (e.g. 

pond water). 

 

People in the community reported that they buy medicine for the reported 

health problems from local drug shops, rather than seeking care from formal 

health care providers or a hospital. However, no focus groups indicated that 

they avoided using water from their reported sources (e.g. pond water). 

 

7.4.2 Perceptions about safe drinking water  
 

People tend to drink water from those ponds where they perceive water is of 

good quality (e.g. clear, taste normal, having no smell). In this area taste of the 

water was an important determining factor for its use as drinking water: 

 

“There are ponds in almost every house, but those are not suitable for 

drinking-----the ponds in own or neighbor houses are used for bathing and 

washing round the year” (FGD respondent of youth group).  

 

Despite having tube wells nearby, or even in their own households, these 

sources were abandoned or used for other purposes such as washing rather 

than for drinking and cooking for meeting daily requirements as water from 

these sources had become salty: 

“The tube well water at our house is salty to drink, we use it for washing and 

bathing” (IDI respondent) and 

“In our area, pond is the source of drinking water. In some houses there are 

tube wells, which are used for cooking, washing and bathing” (FGD 

respondent of mothers’ group). 

This indicates that multiple sources are used for different domestic purposes 

such as drinking, cooking and washing, but separate ponds are used for 

drinking water.  

 

Only a few respondents reported consumption of rainwater for drinking. 

According to some respondents the rainwater tasted sweet and they were 

accustomed to drinking pond water rather than rainwater. Sometimes they 
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used rainwater for cooking rather than for drinking. One respondent also 

mentioned that rainwater was cold, believing this was not good for children: 

 

 “In this (wet) season we sometimes use rainwater,------it tastes sweet. We 

know rainwater is better, but we are used to drinking pond water” (IDI 

respondent), and 

 

“We use pond water for drinking, ----- sometimes (last two days) we have 

collected rainwater, but we have used it for cooking. It is cold, children may 

get cold from this water” (IDI respondent) 

 

The informants reported the limited capacity for storage of rainwater at the 

household level, limiting its use other times of the year, other than the rainy 

season. 

 

Seasonal availability of water especially during the dry season was an 

important influence on their decision for choosing a drinking water source. 

During the dry season when ponds dry up, some of the respondents switched 

to tube well water. In this circumstance, proximity of pond compared to a tube 

well influenced their decision for selecting the water source for the remaining 

times of the year: 

“In our locality/area (i.e. comprised of several houses) we usually drink 

pond water.  During the dry period when there is no water in the pond we 

collect water from ------primary school tube well” (FGD respondent of youth 

group). 

 

Both men and women of different age groups indicated they were aware of the 

poor quality of pond water but mentioned that the main reason for consuming 

unimproved water sources (e.g. pond water) was there was no alternative 

improved option for water sources in the area: “We know about the poor 

quality of water, but we have no other choices” (IDI respondent). Figure 7.1 

below shows a woman collecting drinking water from a nearby small pond, 

which was abandoned during the dry season.  Note that the water is not clear.  
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Figure 7.1: A woman collecting drinking water from a nearby small pond, in 
which water was not clear and surrounded by trees  
(Masjidkur village, Amadi union: photo by author: Radwan Talukder) 

 

Reasons for not using improved sources included: the water from these 

sources (i.e. tube well) had become too salty (mentioned above), the filtration 

system (e.g. Pond Sand Filter) was not functioning or water was not available 

for free. Figure 7.2 shows a picture of a PSF in the community. It was not 

functioning at the time the study was conducted, as some parts, e.g. the force 

rod (handle) and the piston rod were missing or damaged. The parts had not 

been replaced. 
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Figure 7.2: A photo of non-functioning PSF in the study area 
(Amadi union: photo by author: Radwan Talukder) 

 

7.4.2.1 Adjustment in food practices 

 

For cooking, both surface and groundwater were used. While respondents 

recognized the salinity problem in water sources there was little reported 

adjustment in added salt during food preparation. Some of the respondents 

also mentioned that food cooked in saline water was very salty and they 

avoided using those sources for cooking and drinking as well. However the 

majority of the respondents did not adjust salt consumption while using their 

regular sources of water for cooking. Only a few mentioned adjustment of salt 

during the dry season as water sources become more saline/ salty.  

“During dry season as pond water becomes more saline I use less salt during 

cooking” (IDI respondent). 

From survey data we also observed that the use of additional salt in this 

population was very common (Table 6.1). Around 50% of the respondents 

were using additional salt in their meals. 
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7.4.2.2 Perceptions about possible solutions 

 

Salinity in water is widespread and considered a major problem in this area. 

However the existing efforts to tackle this salinity problem were found to be 

inadequate to ensure safe water supply all throughout the year and generally 

focused on short-term solutions. According to CDMC-FGD respondents’ local 

administrative bodies (union parishad) were mainly responsible for 

maintenance of water sources. NGOs were involved with promotion of 

preservation and maintenance of ponds for fresh water supply engaging the 

local administrative bodies and forming local management committee for 

water resources. NGOs also provided logistical support to excavate ponds, 

establish filtration systems in ponds, water treatment plants and boring of 

tube wells.  

 

PSF and tube wells were perceived to be the safest water options and almost 

all the IDI and FGD informants mentioned that establishment of filters in 

ponds or building new mobile treatment plants could solve their problem. 

However, none of the few available PSFs in the study area were functioning 

during the study period, raising questions about the sustainability of PSFs as 

an efficient and reliable source of safe water. 

 

While during the wet season some use of rainwater was reported it was not a 

popular choice for drinking water in this area. None of the interviewed 

community members (IDIs or FGDs) mentioned rainwater harvesting systems 

(RWHS) as an alternative option. The water’s sweet taste, perceptions of water 

being colder and the need for storage of rainwater for long periods at the 

household level were identified as the barriers for RWHS and continued use of 

rainwater. Furthermore it appears that there was lack of knowledge about 

proper maintenance as rainwater storage. For example, from observation, I 

found that the storage containers were sometimes not covered properly, kept 

in the open place. 
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7.5 Conclusion 

 
This chapter presented community perspectives on water supply and 

consumption behavior and perceptions towards water salinity in coastal 

Bangladesh. The qualitative research provided useful insights about 

community perspectives on water use and perceptions towards changes in 

water availability and quality following salinization of water. In addition the 

quantitative data provided some knowledge about the extent of the water use 

problem in this area and further complemented qualitative findings. This 

research evidence is particularly applicable for similar settings in coastal 

Bangladesh and elsewhere exposed to water salinity and could be useful for 

improving water resources management.  

 

The next chapter will compare and contrast the research findings presented in 

Chapters 6 and 7 with findings of others, discuss the implications of these 

findings for future population health and will make recommendations for 

future research, interventions, policy and practices.    
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Chapter 8- Discussion and recommendations 

8.1 Introduction 
 
This chapter highlights the study findings, discusses their current and future 

implications, compares them with the existing knowledge and makes future 

recommendations for research, policy and practice. The chapter is structured 

based on the original findings of my research and ordered accordingly.  

8.2 Water salinity and salt consumption4 

 

My research measured high salt consumption in communities that had water 

sources with elevated salinity. A higher level of salinity (sodium) in tube wells 

(ground) than pond (surface) water was observed (Chapter 6, Figure 6.1) and 

average sodium consumption was significantly higher among the tube well 

compared with that of pond water users. An average sodium level of 884.6 

mg/L in tube well water, measured in this study, may be alone contributing to 

~1.7g sodium intake daily (assuming 2L intake from drinking). Previous 

studies in coastal Bangladesh also reported elevated level of sodium in tube 

well water, which was associated with high sodium consumption in pregnant 

women (Khan et al., 2011b, 2014). While tube well water is believed to be 

microbiologically safe and widely used all over Bangladesh including in 

coastal parts (in my study more than 60% used it) (Table 6.1), the 

contamination of fresh water resources with saltwater may contribute to high 

level of sodium exposure in populations even from their early life. This 

possible lifetime contribution of saltwater contaminated surface water 

(ponds) to elevated/ cumulative sodium exposure cannot be ignored, as it 

potentially increases the risk of blood pressure rise and subsequent health 

effects.  

 

                                                        
4 The discussion in section 8.2 has been published in the following article. The full 

reference is:  

Talukder, M.R.R., Rutherford, S., Phung, D., Malek, A., Khan, S., & Chu, C. (2015). 
Drinking water contributes to high salt consumption in young adults in coastal 
Bangladesh. Journal of Water and Health, 14 (2); 293-305 
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I have identified that 53% of young adults (19-25 years) in one vulnerable 

community of coastal Bangladesh had an average urinary sodium content 

above the WHO recommended level (2g and above) (Chapter 6, Table 6.2, 

Figure 6.2). Similarly using the WHO cut-off point for sodium intake, Rasheed 

et al. (2014) reported 59% of the adult population (25 years and above) was 

exposed to a high level of sodium in this area. This high level of sodium 

consumption is also comparable to that reported in adults (>25 years) in 

coastal Bangladesh (Rasheed et al., 2014), in adults (18 years and above) in 

southeast Asia, for example in Indonesia and Malaysia (Batcagan-Abueg et al., 

2013) and in children (2-16 years) in Australia (Grimes et al., 2013). However 

the level of sodium consumption we found is lower than reported in pregnant 

mothers in similar settings of Bangladesh  (Khan et al., 2011b, 2014), 2010 

regional estimates for adults in south Asia (Powles et al., 2013) and other 

southeast Asian countries such as Singapore and Thailand (Batcagan-Abueg et 

al., 2013). The average level of urinary sodium in pregnant women in coastal 

Bangladesh was 3.4g/day (Khan et al., 2011b) and 4.6g/day (Khan et al., 

2014). However in pregnant women this higher consumption of sodium could 

be due to some extent to their overall increased intake of drinking water, and 

altered salt appetite during pregnancy (Brown & Toma, 1986).  

 

On the basis of the health evidence used to establish the WHO guideline, these 

findings suggest significant health consequences at the population level for 

this majority of young adults who are consuming elevated sodium so early in 

life. The current recommended guideline for sodium of less than 2 g/day is 

independent of body weight but mostly based on evidence from developed 

countries as mentioned before, where average adult body weight is far above 

that of individuals in developing regions like Bangladesh. For example, 

average body weights of an adult male and female aged 18- 24 years are 79.9 

kg and 66.5 kg in Australia (ABS, 2013). In my study, average body weights of 

adult males and females were 54 kg and 46 kg. Therefore the biological effect 

of similar levels of sodium consumption on systems of the body in the 

Bangladeshi population is potentially much higher than those estimated from 

studies based on higher body weight populations in developed countries used 

to derive the current WHO sodium recommended daily intake. 
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In coastal Bangladesh natural freshwater sources such as pond, tube well and 

rivers are used not only for drinking but also, for cooking, bathing and 

washing (Khan et al. 2011a). Other than drinking, cooking water could 

potentially contribute to high intake of sodium, but this has rarely been 

considered. A study by Page et al. (1974) of the six tribal communities in the 

Solomon Islands demonstrated that those who cooked vegetables in seawater 

had the highest salt intake. Rowan and Calabrese (1981) reported that 

consuming a one-cup serving of vegetables per day cooked in water with 100 

or 250mg sodium/L would lead to an additional intake of 37 and 96mg of 

sodium, respectively. In my study I also observed that the same sources (e.g. 

tube well) were used for drinking as well as for cooking (Chapter 7, Table 7.1). 

My rural study population was found to have a typical Bangladeshi diet 

prepared at home that included regular rice intake and less frequent 

consumption of fish, poultry or red meat, fruits and vegetables (Chapter 6, 

Figure 6.1).  

Though food is generally considered as the major source of salt in the human 

body, in coastal settings highly saline water sources are likely to be a 

significant contributor to overall salt consumption (Talukder et al., 2015). 

According to the best available estimate based on the usual meal size in rural 

Bangladesh (Heck et al., 2010) and sodium values from market basket surveys 

by Islam (2013) such a dietary pattern is likely to contribute ~500-700mg of 

daily sodium. Assuming daily consumption of drinking water of 2 liters, 

drinking water in these salt contaminated coastal areas may be contributing 

around two-thirds (~1.6g) of this high total daily sodium intake. However my 

data suggests (Chapter 7, Table 7.1) that people in this area were drinking 

approximately 3 liters of water daily. This means a high level of exposure to 

salt is more likely than expected. Furthermore using the same highly saline 

water for cooking will also add to total sodium consumption. A more 

comprehensive understanding of all sodium exposure pathways in these 

increasingly saline communities should be the focus of more research. 

In addition, accumulation of sodium in produced crops due to saline water 

intrusion into soil and groundwater in this area could also be a potential 

source of dietary sodium and demands further investigation (Rasheed et al., 
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2014). We also observed that salt addition in meals was very common in this 

study population (Chapter 6, Table 6.1). Given the direct and continuous 

relationship between salt intake and blood pressure (Koliaki & Katsilambros, 

2013) and the difficulties in reducing exposure from salt contaminated 

freshwater sources, reduced salt input to food during cooking and table use 

should be considered as a starting point to minimize dietary salt intake and 

reduce population health risk.  

8.3 Water salinity and the effect on blood pressure5 

 

I have shown that consumption of highly saline drinking water (>600mg/L) 

in rural southwestern coastal Bangladesh was positively associated with a 

higher BP in the studied population under 25 years. Salinity concentration in 

potable water above the acceptable range i.e. 600mg/L, which was consumed 

by more than two-thirds of the study population, led to an approximate 3 

mmHg rise in both SBP and DBP. Reports of BP distribution in a young 

population, like mine, have been very scarce therefore it is difficult to compare 

these estimates with others. Moreover to the best of our knowledge this is the 

first population-based study to describe BP distribution in young adults in 

salinity affected rural areas of coastal Bangladesh, and therefore results may 

not be directly comparable with those of different study designs and settings. 

Of the limited available evidence from similar settings of coastal Bangladesh, 

the SBP level of 111 (+/-10) mmHg was considerably higher than those 

reported 103 (+/- 10) mmHg in non-hypertensive pregnant mothers, 

measured at their 20 weeks or greater gestational age, of a similar mean age 

(Khan et al., 2014). A possible explanation for this might be that in a normal 

pregnancy, reduced vascular tone and hormonal changes result in a drop in 

BP (Mustafa et al., 2012). Our study findings of elevated SBP are also 

consistent with those conducted in another young population (~10 years) 

from coastal areas of Israel (Pomeranz et al., 2000), those reported in a 

                                                        
5 The discussion in section 8.3 has been published in the following article. The full 

reference is:  

Paper 2 Talukder, M.R.R., Rutherford, S., Phung, D., Islam, M.Z., & Chu, C. 2016. 
The effect of drinking water salinity on blood pressure in young adults of coastal 
Bangladesh, Environmental Pollution, 214 (2016): 248-254 
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similar age group in the Netherlands (Hofman et al., 1980) having high 

sodium in water; but lower than those reported among children aged 15-16 

years in the USA exposed to high sodium in water (Tuthill & Calabrese 1979). 

It is noteworthy that exposure from salinity concentration (mean >800 mg/L) 

in my study were considerably higher than reported in all those studies where 

mean levels were less than 200mg/L. 

 

Estimated 24 hour sodium level using the INTERSALT method also indicated 

considerably higher mean sodium (salt) consumption (Figure 6.2) than the 

WHO recommended level (<2g/day ~<85mmol/day) (WHO, 2013) in our 

study population. However the lack of association between estimated urinary 

sodium (i.e. a marker of salt consumption) and SBP or DBP is inconsistent 

with the existing body of knowledge on salt and BP (Aburto et al., 2013; He et 

al., 2013). This could be partly explained by the measure of salt consumption 

that we estimated based on a single spot urine sodium concentration. While 

spot urine is a convenient and affordable alternative to 24-hour urinary 

measure, the reliability of estimating of 24-hour sodium excretion from spot 

urine is debatable (McLean 2014). Furthermore the evidence on association 

between this estimated urinary sodium measure and BP remains inconsistent 

(Mente et al., 2014; Umesawa et al., 2016). The PURE study observation of 

102,216 adults from 18 countries showed no significant association between 

estimated sodium excretion and BP among those with low sodium excretion 

(less than 3g/day), a lower risk among those without hypertension and in 

those of a relatively young age (Mente et al., 2014). Assessment of sodium 

excretion is particularly problematic due to its large intra-individual 

variability (Elliott and Brown, 2007) and a measurement error is likely, based 

on a single casual urine sample. Such random errors are likely to attenuate 

possible associations between urinary sodium and blood pressure. Further 

research is needed to examine the sodium variability in the body in such 

chronic exposure conditions and its effect within the human body e.g. on the 

cardiovascular system and organs like the kidney.  

 

Non-communicable diseases (NCDs) account for fifty nine percent of total 

deaths in Bangladesh (WHO, 2014). In recent years deaths related to 
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cardiovascular and cerebrovascular diseases have increased substantially 

(Karar, Alam and Streatfield, 2009). CVDs were responsible for nearly one-

fifth of the total deaths in Bangladesh during 2000-2012 (WHO, 2014). An 

increased prevalence of chronic kidney diseases (CKD) among the 

Bangladeshi population has also been reported (Anand et al., 2014). Elevated 

BP is a prominent risk factor for several chronic diseases including 

cardiovascular and renal diseases (Appel et al. 2009). In Bangladesh 18% of 

adults aged 25 years and above have been found to be hypertensive (WHO, 

2011), a figure which is anticipated to grow further in the years (National 

Institute of Population Research and Training, Mitra and Associates, and ICF 

International 2013). Moreover almost 50% of the populations in rural 

Bangladesh are reported to have above normal BP including hypertension 

(Khanam et al., 2015).  Review evidence indicates that reduction in sodium 

(salt) intake is one of the most cost-effective interventions to reduce 

cardiovascular disease burden (Neal et al., 2007). A 15% reduction in mean 

population salt intake could avert 8.5 million cardiovascular deaths (He et al., 

2013). 

 

Appropriate interventions should immediately be promoted to prevent the 

mid to longer- term adverse consequences of raised BP. At the population 

level a small reduction in BP would have significant beneficial impacts. For 

example, a 3–mm Hg reduction in SBP could lead to an 8% reduction in 

stroke mortality and a 5% reduction in mortality from heart attack (Stamler et 

al., 1991). A recent meta-analysis of 147 randomised trials also suggests that 

the risk reductions in coronary heart disease and stroke were evident 

regardless of BP level down to 110mmHg for SBP and 70mmHg for DBP (Law 

et al., 2009). Reducing salt exposure is not only beneficial for lowering BP but 

also improves BP control in those who are already hypertensive (Appel et al. 

2009). The recent Cochrane review of intervention studies on salt reduction 

and effect on BP shows that long-term reduction of daily average salt intake 

below 100 mmol led to a decrease in SBP by 4.3 mm Hg and DBP by 1 mmHg 

in normotensive individuals (He et al., 2013).  
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8.4 Water consumption and perception towards safe water  

 

I have observed that availability of water for drinking and cooking is a serious 

problem in this coastal community, more particularly, during the dry season. 

This observation is also consistent with previous studies in similar settings 

(Karim et al., 2005, Abedin et al., 2013). However the quality of water from 

these sources, especially from surface water (i.e. pond), remains a big concern 

as a significant proportion of people in this community still rely on surface 

water to meet their daily needs. Though I did not examine all aspects of water 

quality in this research, direct observation of the pond water sources revealed 

consumption of turbid water from such unprotected sources (Chapter 7, 

Figure 7.1), which are likely to be highly contaminated with pathogens. 

However, there have been very few studies of microbiological quality of water 

from the sources available in coastal Bangladesh. One study in coastal 

Bangladesh showed that compared to PSF water, pond water had the highest 

amount of coliforms (E.coli) in water (Islam et al., 2011). Moreover as the 

respondents also required collecting water from distant sources likely 

contamination of water even from safe water sources (e.g. tube well) during 

carrying cannot be ruled out (Hunter et al., 2010). A further assessment of 

water quality particularly on microbiological aspects and source of water 

contaminants is recommended in order to better identify the range or risks 

and empower communities to make informed choices about the water they 

drink and use for household purposes. 

 

Collection of water from distant sources is also associated with time 

management challenges for daily domestic work for women (CCC, 2009b). In 

my research I observed that 22% of the participants spent at least one hour or 

more daily for collection of water. However I did not consider time for 

collection from a safe water source here and affects of seasonality. Women in 

coastal areas travelling long distances to collect drinking water have reported 

that they do not get enough time for cooking, bathing, washing clothes, taking 

care of children and elders (CCC, 2009b). This implies they have less time for 

their own care, resulting in poor physical and mental wellbeing (CCC, 2009b). 
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Women in my research also reported physical pain, waist pain, chest pain and 

sometimes numbness of the limbs due to carrying heavy containers.  

 

I have also observed direct use of surface water for drinking without any 

treatment. This practice is not uncommon in coastal Bangladesh. Recent 

research by Benneyworth et al. (2016) in a coastal sub-district in Bangladesh 

also showed low use of water without treatment. This suggests a high potential 

for significant adverse health and nutrition outcomes. Almost all my 

informants commonly reported intestinal infections such as diarrhea, 

dysentery, and indigestion in their family as a result of water consumption. 

Poor water, sanitation and frequent intestinal infections reduce individual’s 

ability to absorb nutrients, which in turn affects growth and development 

(Kosek et al., 2014; Lin et al, 2013). Given the widespread water salinity 

problem in coastal Bangladesh there are limited options for drinking and 

cooking water sources and people tend to opt for the most available option; 

often from ponds, as they perceive it to be of good quality and taste. This 

scarcity of water sources and alternative safe options compels people to 

continue consumption of surface water (e.g. pond). The immediate and long-

term health effects of continuous use of such water especially for children and 

their development need to be investigated and appropriate health promotion 

strategies should be adopted to reduce this health burden. Risk 

communication could be one strategy to reduce health burden from drinking 

unsafe water (Islam et al., 2011) but this will only be successful if there are 

safe alternatives.     

 

While the salinity (salt) concentration of both surface and ground water was 

above the Bangladesh acceptable limit (>=600mg/L) for salinity only a small 

proportion of the respondents recognized their water sources as salty. Similar 

observations have been made by several other studies in salinity affected 

coastal Bangladesh (Grant et al. 2015, Benneyworth et al., 2016). A study by 

Grant et al. (2015) with healthy volunteers revealed a threshold of 2100mg/L 

for water salinity above which water became unpalatable to them (Grant et al., 

2015). This indicates that people can be exposed to elevated salt from drinking 

saline water even before it becomes unpalatable to them. Moreover preference 
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for salt taste has been reported as a flexible trait- people exposed to a low-salt 

diet gradually get acclimatized to it and similarly those with a high salt diet 

become normalized to the taste of salt (Taylor and Henry, 2010). This 

indicates persistent exposure to high salt concentration is more likely among 

people in these areas, potentially starting early in life without any awareness. 

As water is a significant contributor to high salt consumption in coastal 

Bangladesh, regular salt monitoring of water sources in salinity affected 

coastal Bangladesh, is imperative and appropriate communication strategies 

regarding saline affected water sources need to be adopted to reduce the salt 

exposure in both the short and long-term.  

 

In addition, as mentioned earlier, a prior assessment of salt exposure 

pathways would be very useful to promote such strategies.  In this regard, an 

account of daily drinking water consumed is important to estimate the 

contribution of water to total salt exposure. In my research as a rough 

estimate (by number of glasses and assuming 250 ml per glass) I have 

observed that on average people consumed about 3 liters of water daily. This 

is also consistent with previous study observations regarding drinking water 

consumption in Bangladesh (Islam et al., 2011). It is important to note that 

my study was conducted during the hot summer when more consumption of 

water is likely. However more conservatively we usually consider 2 liters of 

water consumption directly through drinking to estimate exposure. This 

underestimate of the daily consumption of high salt drinking water has 

significant implications for the exposure estimate (for example, with water 

salinity concentration 800mg/L 2 liters of water will give exposure to 1.6g 

sodium/day, while 3 liters will give exposure to 2.4g/L, which is already above 

the recommended level for sodium alone) and estimating future health risks. 

Future health risk assessments should consider this water consumption 

variability. 

 

Coping with the scarcity of water due to widespread salinity problems in 

coastal Bangladesh is very challenging as there appear to be few viable 

alternatives to finding safe water options. Filtering the pond water (PSF) and 

rainwater harvesting (RWH) are two existing technologies, which have been 



 154 

promoted in coastal Bangladesh for a long time. While PSF is perceived to be 

one of the safe options and is efficient to reduce microbiological 

contaminants, it has been found to be less efficient in reducing salinity 

concentration in water (Harun and Kabir, 2013). Moreover the maintenance 

of PSF in the community remains a challenge (Farhana, 2011). The only PSF 

in my study area was not functioning. Another study in a similar setting in 

coastal Bangladesh also reported that out of 5 PSFs, 3 were not working 

(Farhana, 2011). Reliability of safe water technologies to sustain water supply 

in the community is very important. If such technologies are not maintained 

people have to return to using unsafe water sources and may lose motivation 

to invest in them. Local leadership and governance play an important role for 

maintenance of safe water technologies and making the community water 

secure (Benneyworth et al., 2016). More in-depth assessments on enablers 

and barriers to maintain available safe water technologies (such as PSF, 

community-based RWH etc.) in the community would be very useful for 

future scaling up of such technologies. In addition, advancement of these 

technologies (e.g. PSF) to reduce salinity concentration in water should be the 

focus of more research.  

 

I also observed a low popularity and acceptance of rainwater in the 

community. Long habitual behavior, community beliefs and perceptions 

regarding water quality play an important role in adopting a new technology. 

These need to be incorporated into messages during promoting a new 

technology in the community. Considering the above behavioral aspects the 

new technology for groundwater recharge such as Managed Aquifer Recharge 

(MAR) with rainwater seems promising (Hoque et al., 2016), as people will get 

the rainwater as groundwater. MAR is also beneficial to prevent intrusion of 

saline water. Research on acceptance of this new technology will be pertinent 

and timely prior to investment for scale up.  Further, long-term sustainability 

of these new technologies in the community need to be adequately addressed 

as NGO/ research driven activities often fail because of lack of resources and 

integrating sustainability measures into local governance practices (Biswas 

and Merson, 2005). Moreover though local government institutions (LGI) 

have been given the mandate to carry out responsibilities in the operation and 
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maintenance of the water supply and sanitation infrastructure and services, 

there remains concern with the actual implementation of these activities (Gain 

and Schwab, 2012). This in turn results in lack of technical knowhow and 

resources for effective water resources management at the local level (detailed 

in Chapter 4), which in turn can lead to technology not functioning effectively 

and increasing health risks as communities look to less safe water sources. 

 

While safe water options remain the choice of intervention to prevent and 

reduce water salinity related health problems, their effective introduction and 

usage are resource intensive and need long-term investments and 

understanding of community needs and perceptions.  However in the short-

term we should consider other strategies to reduce the health risks. In terms 

of reducing salt exposure and therefore preventing development of 

hypertension, dietary modification could be one more immediate strategy. 

Research in a coastal district of Bangladesh indicates that people in this area 

have a low awareness of risks associated with excess salt consumption 

(Sabrina et al., 2016). Some adjustment of salt during food preparation was 

reported when water become more salty. However it was not a common 

practice and the threshold for such ‘saltiness’ of taste remains a big concern as 

discussed previously. In addition I also observed that the use of added salt 

during meal consumption was common. Appropriate dietary intervention 

strategies addressing these salt consumption behaviours could potentially 

reduce salt exposure and prevent related health risks. This should be an 

immediate priority while developing technologies for safe water sources.   

    

8.5 Climate change and implications for future population 

health 

 

The projected climate change and associated sea level rise for coastal 

Bangladesh is likely to increase the saltwater contamination of both surface 

and ground freshwater resources, increasing the sodium related health threats 

to larger populations in these areas. As discussed in Chapter 2 section 3, 

modeling of climate related changes in sea levels, temperature /rainfall 
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patterns, and upstream riverine flows for different climate change scenarios 

according to IPCC’s fourth assessment report along with projected estimates 

for land subsidence and river water abstraction indicate that climate change 

will cause significant changes in river salinity in the southwest coastal area of 

Bangladesh during the dry season (October to May) by 2050 (Dasgupta et al., 

2014). This prediction suggests that both the extent and the magnitude of 

sodium exposure from increased salinization of water will increase in coastal 

Bangladesh, which in turn will result in an increasing number of people in 

coastal areas exposed to higher sodium in water.  

 

These projected changes in salinity level will likely accelerate the development 

of hypertension and related chronic diseases in large populations in coastal 

areas of Bangladesh, who are already exposed to higher salt than 

recommended from water consumption (Talukder et al. 2015). For example, 

the regression coefficient in our research suggests that a 1 g change in water 

salinity concentration contributes to a 2 mmHg increase in SBP. Chronic high 

salt exposure is associated with a rise in BP throughout life. The INTERSALT 

study indicated a progressive increase of BP with age i.e. a salt intake above 

100mmol/day (~2.3g sodium) (estimated average urinary excretion in this 

study was 121mmol/day) led to 0.4/0.2mmHg rise in SBP/DBP per year 

(Elliott et al. 1996). If drinking water remains untreated, over the projection 

period the changes in water salinity identified here will increase salt exposures 

and hence increase the risk of elevated BP such as hypertension and related 

chronic health problems, potentially leading to early onset of such serious 

health conditions if no measures are taken. This problem is not likely to be 

restricted to Bangladesh; deltaic populations in other low-lying developing 

countries such as the Mekong delta, Ganges and Brahmaputra delta and other 

Asian deltas vulnerable to climate change and sea level rise (Nicholls et al., 

2007) are likely to have similar exposure. 

 

My study is the first to describe salt (sodium) consumption among young 

adults in coastal Bangladesh. Though this may not be representative of 

national level salt consumption, my findings have significant implications for 

large populations in many low-lying low-income coastal countries who 
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predominantly rely on natural water resources with limited opportunities for 

desalination or limited safe alternative water sources. Water resources in all 

the eleven Asian mega-deltas and other large deltas such as the Nile and 

Mississippi are vulnerable to climate change, sea level rise and saline 

intrusion (Nicholls et al., 2007). Considering the adverse health effects of high 

salt consumption, direct influence on blood pressure rise in particular (He et 

al., 2013, WHO, 2012, Meneton et al., 2005), the life time consequences of a 

large proportion of young population exposed to a high level of sodium during 

their early life in coastal Bangladesh and arguably in other similar deltas 

globally will be significant if efforts are not made to reduce exposure. Elevated 

BP level in young adults in this area implies looming challenges for public 

health services as a consequence of the known relationship between elevated 

BP and chronic diseases such as hypertension and cardiovascular diseases in 

later life.  Moreover such adverse health impacts in this young age group could 

have significant impacts on their rural economies and societies as this group 

contributes significant paid and unpaid labour in such areas (Chapter 4). 

 

8.6 Strengths and limitations of the study 

 

My study provides a useful insight into potential population level health 

effects of climate change induced sea level rise, in particular related to impacts 

of increasing salinization of freshwater resources on salt exposure and BP in 

low-lying coastal communities. Using a mixed methods approach this 

research also explored water consumption behavior and community 

perception about safe water towards water salinity. While qualitative research 

provided a useful insight into community perspectives on water use and 

perceptions about safe water following changes in water availability and 

quality due to salinization of water, the quantitative data provided some 

knowledge about the extent of the water use problem in this area.    

 

However this study has some limitations. I collected water samples only once, 

during the dry season, and seasonal variability of salinity concentration in 

water in coastal Bangladesh has been observed (Khan et al., 2011) with the 
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highest concentration being during the dry season (December-May). The 

water sodium level in our study is also comparable with the level reported in a 

previous study that found consistently higher water sodium levels in all the 

seasons (Khan et al., 2014). Furthermore rainfall during the late dry season 

(May-June) is likely to affect water salinity level, therefore it is believed that 

figures reported represent the conservative case estimate of the sodium level 

in water.  

 

My estimate of salt consumption is based on spot urine analyses due to 

resource constraints and practical limitations associated with non-

compliance. To address the variability in sodium excretion repeated measures 

of urine samples are recommended (Elliott & Brown 2007). Urine samples 

were collected during both morning and afternoon, and were equally 

distributed and well representative of diurnal variation. The inclusion of the 

respondents in the study was subject to their availability during the interview, 

which might introduce selection bias and led to a smaller sample size. 

 

My research demonstrates the association between salinity concentration in 

water and BP level in the dry period, and hence I may have overestimated the 

regression coefficient for BP. Further research is necessary examining the 

influence of seasonal changes of salinity concentration in water on BP level in 

such populations and long-term effects on elevated BP related chronic 

outcomes. Further, though I recorded multiple BP measures following a 

standard technique on a single day, day-to-day BP variability needs to be 

considered for the interpretation of the effect size of saline water on BP.  

 

Data on water use and perceptions about safe water are particularly applicable 

to similar areas in coastal Bangladesh and may be applicable in other similar 

settings, which are exposed to water salinity. In addition qualitative research 

only demonstrated community perspectives related to water consumption 

behavior and did not cover institutional and practitioners’ in-depth views 

about water supply and resources management issues. However I believe the 

available evidence will be very useful for practitioners to further strengthen 
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water resources management and to promote safe water technologies in such 

vulnerable communities in the context of climate change.  

 

8.7 Recommendations 

 

This research demonstrated the significant role of high saline water on high 

salt consumption and elevating blood pressure in young adults in coastal 

Bangladesh. In addition it depicted severe scarcity of water and associated 

livelihood hardship that led to regular consumption of unsafe water in a 

coastal community in Bangladesh. While tackling this emerging water salinity 

problem is a priority to prevent potential health risks in large coastal 

communities, further research is also recommended for better formulating the 

strategies. Therefore based on the available evidence generated by my 

research, recommendations for future research, and interventions, policy and 

practices are summarised as-   

 

Recommendations for research 

 

The findings presented here fill some gaps but also indicate that more 

research is needed to explore and quantify all potential routes of salt exposure 

in such settings: consumption through direct ingestion of salt contaminated 

water, through cooking either from water or addition during food preparation, 

from food grown and manufactured in saline environments or added to food. 

Such exposure assessments related to water salinity should also account for 

water consumption variability and estimate the amount of water consumed 

directly through drinking to better quantify the contribution of exposure from 

different routes.  

 

Seasonal variability of water salinity has been observed being higher during 

the dry season. Further research, most preferably using a prospective design, 

should cover both the seasons (e.g. dry and wet seasons) and consider the 

effects of this seasonal variability of salinity concetration on salt exposure, and 
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BP and other related chronic health conditions (e.g. cardiovascular and kideny 

diseases).    

 

Research is also recommended examining the sodium variability in the body 

in such chronic exposure conditions and its effect within the human body e.g. 

on the cardiovascular system and organs like the kidney. Long-term follow up 

research about the effects of salt exposure on chronic health outcomes will 

also be useful for practitioners and policy makers to promote strategies.  

 

Other health effects as a consequence of water salinity, more specifically, 

related to consumption of contaminated surface water in coastal Bangladesh 

also need to be investigated. The range of known health effects from unsafe 

water use are gastrointestinal infections e.g. diarrhoea, dysentry. However 

chronic health and nutritional effects of these infections on vulnerable 

populations (e.g. children) and their long-term consequences require more 

research and data in this regard would be pertinent to promote safe water 

options in coastal Bangladesh. Improving children nutritional status is also a 

national development priority. Given the extent of the water scarcity due to 

saltwater intrusion and projected decline in freshwater area due to climate 

change and sea level rise future projections of both direct and indirect health 

effects would be pertinent for effective water resources management.  

 

A further assessment of water quality particularly microbiological aspects and 

source of water contaminants is recommended in order to better identify the 

range of water quality risks and empower communities to make informed 

choices about the water they drink and use for household purposes. 

 

More in-depth assessments on enablers and barriers to maintain safe water 

technologies (e.g. PSF and RWH) in the community would be very useful for 

future scaling up of such technologies. Long habitual behavior, community 

beliefs and perceptions regarding water quality need to be incorporated into 

messages during promoting a new technology in the community. Considering 

the above behavioral aspects the new technology for groundwater recharge 

such as Managed Aquifer Recharge (MAR) with rainwater seems promising, 
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as people will get the rainwater as groundwater. MAR is also beneficial to 

prevent intrusion of saline water. Research on acceptance of this new 

technology will be pertinent and timely prior to investment for scale up. 

 

Recommendations for interventions, policy and practice 

 

As large populations in these areas are already exposed to high salt from such 

an early age of their life, efforts should be made to reduce all possible salt 

exposure (e.g. food preparation and consumption) in these settings in the 

short term through dietary and life style interventions. In the mid- to long-

term the interventions should also focus on promoting alternative safe water 

options (e.g. rain water harvesting and desalinization). Such interventions are 

likely to be location specific and require supporting infrastructure to sustain 

clean water outcomes. Hence identifying the needs of affected communities, 

identifying the most appropriate technologies or mix of technologies for long-

term safe water provision as well as funding models and implementation 

strategies will be important for sustained success. Assessment of water 

quality, especially chemical constituents, of existing safe water options (e.g. 

PSF) will also be important for further scaling up of these technologies. Focus 

should be made to better maintenance of existing one – like PSF as well as 

identify local government capacities and funding opportunities to address 

knowledge and resource gaps to maintain. 

 

Appropriate interventions should immediately be promoted to prevent the 

mid to longer- term adverse consequences of raised BP. At the population 

level a small reduction in BP would have significant beneficial impacts. For 

example, a 3–mm Hg reduction in SBP could lead to an 8% reduction in 

stroke mortality and a 5% reduction in mortality from heart attack (Stamler et 

al., 1991). Considering the context and all the routes of salt exposure 

multipronged adaptation strategies- either dietary modifications or promotion 

of alternative safe water options (e.g. rainwater harvesting) or both, should be 

designed and evaluated. Researchers should also evaluate long-term health 

benefits from decreasing chronic disease burden of reducing salt exposure and 

different intervention strategies to support the policy makers decision process. 
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The projected climate change and sea level rise paint an alarming picture for 

sodium related health risk in coastal areas of Bangladesh in the coming years, 

warranting investment into the development and promotion of alternative 

water options, identifying new technologies and improved execution of 

effective water resources management strategies in vulnerable coastal 

communities. Long-term sustainability of these new technologies in the 

community needs to be adequately addressed with adequate resources 

allocation and integrating sustainability measures into local governance 

practices. 

 

8.8 Conclusion 

 

I have discussed the implications of my findings of water salinity on salt 

exposure and effect on blood pressure in the context of climate change and sea 

level rise in coastal Bangladesh and similar settings. This chapter also 

discussed water consumption and perceptions towards safe water in salinity 

affected coastal Bangladesh and their implications to promote adaptation 

strategies. This chapter also made important recommendations for research, 

and interventions, policy and practices.   

 

More than half of the study population in coastal Bangladesh had sodium 

above the recommended level and water sources contaminated with higher 

sodium were significantly associated with the high sodium consumption. This 

research also indicates that high salinity concentration in drinking water was 

associated with increased SBP and DBP level even in young populations. 

Further elevation of BP in large populations in coastal areas of Bangladesh is 

more likely with the projected changes for climate-induced sea level rise and 

exacerbation of salinity levels in both surface and ground waters. The people 

in these areas have limited safe water options and water treatment capacity 

and hence are more likely to remain exposed to high salt if no population-

based responses are implemented.  
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The choices for drinking water are more driven by practical issues such as 

travel distance, time for collection and taste of water rather than concerns for 

health. Perception about ‘salty’ taste of water and understanding about related 

health problems including high blood pressure were low. Moreover data on 

different pathways of salt exposure, salt consumption and subsequent chronic 

health effects in these settings are particularly pertinent for designing and 

implementing intervention strategies and require further investigation. 

 

Given the known relationship between elevated BP, and cardiovascular and 

related chronic diseases specific public health interventions to reduce salt 

exposure are urgently needed to be designed and implemented. In the short 

term, interventions that include low saline safe water options alone or in 

combination with dietary and life style interventions need to be investigated. 

In the mid to long-term focus should be given to promoting alternative safe 

water options (e.g. rain water harvesting) and identifying low cost safe water 

technologies along with appropriate management of fresh water resources. 

With the projected changes in climate-induced sea level and known impacts of 

sea level rise on many low-lying developing nations, this problem is not likely 

to be restricted to Bangladesh and it is highly pertinent that we act now with 

potential interventions to reduce the increasing chronic disease burden 

associated with elevated BP and unmanaged hypertension.     

 

The next chapter is the conclusion of this thesis and it includes a summary of 

the research and significance of the research. 
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Chapter 9- Conclusion 
 
 

This research set out to identify the effects of water salinity on salt exposure 

and blood pressure in a young population in coastal Bangladesh; a location 

particularly vulnerable to climate change and sea level rise. It also sought to 

identify perceptions about safe water in the community as a result of changes 

in water quality from increasing salinity level in order to better understand 

what drives people’s water consumption choices. This chapter provides a 

summary of the overall research findings including a summary of each chapter 

and the significance of the research. 

 

The thesis had nine chapters, which were structured into two parts- Part I 

included introduction and background information on water salinization in 

the context of climate change and sea level rise, water salinity, salt 

consumption and health risks, and water supply and consumption based on 

literature review and Part II included research methodology, findings, 

discussions and recommendations and conclusions. 

  

Chapter 1 introduced the research topic and briefly described the background, 

rationale and research methods. Chapter 2, 3 and 4 covered the background 

information based on literature review. More specifically chapter 2 

highlighted about climate change sciences and impacts, sea level rise and its 

impacts with particular focus on saltwater intrusion and freshwater 

salinization, which eventually led to rationale of this research. Chapter 3 

discussed about water related health problems with particular attention on 

chemical contaminants in water. The extent and health effects of water 

salinity i.e. sodium in water, an example of such chemical contamination, 

were discussed that led to identification of research gaps. Chapter 4 briefly 

described the geography, population and livelihoods and vulnerability of study 

settings i.e. coastal Bangladesh. It also provided information about water 

supply governance and institutional arrangements, and data on existing water 

supply and consumption in salinity affected coastal Bangladesh.  
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In part II Chapter 5 detailed methodology of this research including 

conceptual framework, methods, data collection and recruitment, analyses, 

ethical considerations, and validity and reliability. Findings of this research 

were discussed in two chapters. Chapter 6 presented the salt consumption and 

blood pressure data from cross-sectional survey and Chapter 7 presented 

water consumption and perceptions about safe water following changes in 

water quality from saline contamination in coastal Bangladesh.  Chapter 8 

compared and contrasted the study findings with previous observations, 

discussed future implications for population health, and made 

recommendations for research, interventions and policy and practices. Finally 

Chapter 9 is the concluding chapter that summarizes the whole thesis and 

research findings.     

 

In summary I found that more than half of the study population in coastal 

Bangladesh had sodium above the recommended level and water sources 

contaminated with higher sodium were significantly associated with the high 

sodium consumption. Climate-induced sea level rise will exacerbate salinity 

levels i.e. sodium content, in both surface and ground waters of many low-

lying coastal countries. The people in these areas with limited safe water 

options and water treatment capacity are more likely to remain exposed to 

high salt if no population-based responses are implemented. However data on 

different pathways of salt exposure, salt consumption and subsequent chronic 

health effects in these settings are particularly pertinent for designing and 

implementing intervention strategies and require further investigation. 

Specific health promotion interventions addressing the harmful effects of high 

salt consumption and backed by appropriate policy steps to reduce salt 

exposure with special attention to climate change vulnerable coastal 

communities need to be adopted. Simultaneously adaptation strategies should 

also focus on promotion of alternative safe water options such as rainwater 

harvesting and appropriate management of freshwater sources in coastal 

communities. 

 

This research also indicates that high salinity concentration in drinking water 

was associated with increased SBP and DBP level even in young populations. 
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Further elevation of BP in large populations in coastal areas of Bangladesh is 

more likely with the projected changes for climate-induced sea level rise and 

exacerbation of salinity levels in both surface and ground waters. Given the 

known relationship between elevated BP, and cardiovascular and related 

chronic diseases specific public health interventions to reduce salt exposure 

urgently need to be designed and implemented. In the short term, 

interventions that include low saline safe water options alone or in 

combination with dietary and life style interventions need to be investigated. 

In the mid to long-term focus should be given to promoting alternative safe 

water options (e.g. rain water harvesting) and identifying low cost safe water 

technologies (such as desalination) along with appropriate management of 

fresh water resources. With the projected changes in climate-induced sea level 

and known impacts of sea level rise on many low-lying developing nations, 

this problem is not likely to be restricted to Bangladesh and it is highly 

pertinent that we act now with potential interventions to reduce the increasing 

chronic disease burden associated with elevated BP and unmanaged 

hypertension. 

 

Qualitative data provided useful insights about community perspectives on 

water use and perceptions about safe water towards changes in water 

availability and quality following salinization of water. In addition the 

quantitative data provided some knowledge about the extent of the water use 

problem in this area and further complemented qualitative findings. This 

research evidence is particularly applicable for similar settings in coastal 

Bangladesh and elsewhere exposed to water salinity and could be useful for 

effective water resources management. 

 

This research provided much needed evidence on the health effects of 

drinking saline water among coastal populations of Bangladesh and arguably 

in similar settings, which are likely being affected by climate change-induced 

sea level rise. Utilising a mixed-methods design, I also incorporated a 

qualitative component to gain an in-depth understanding of local practices 

and community knowledge and perceptions towards drinking water salinity. 

My research makes a significant contribution to the existing body of 
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knowledge on water salinity and health effects, more specifically in a young 

coastal population and triggers an alarm for public health professionals.  

 

Findings of high salt consumption and an elevated BP at an early age of life 

imply a looming crisis for future public health services in coastal populations 

from related chronic diseases such as hypertension, cardiovascular and kidney 

diseases. Appropriate adaptation strategies either through dietary 

modification or promoting safe water options should, therefore, be an 

immediate priority to promote health of large coastal populations in 

Bangladesh and similar areas. Further the knowledge gained from this 

research will improve understanding of the current impacts that salinity in 

drinking water is having on population health and enable more accurate 

prediction of the future effects climate change is likely to have on health 

locally, regionally and globally.   

 

As identified by this thesis, the WHO guideline for sodium in water is not 

based on health concerns and most of the evidence for salt and health 

association is derived from food consumption research.  Given the global 

environmental changes associated with changes in climate, and evidence 

provided through this research and others in a similar setting, it is becoming 

apparent that the issue of salt consumption through drinking water and 

subsequent health effects for these particularly large and vulnerable 

populations cannot be ignored.  
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Appendix 

Consent Forms 

 
For cross-sectional survey (English) 

 
Protocol Title: Health risks of increasing water salinity and potential adaptation 
strategies in coastal areas of Bangladesh. 
 
Organizations: Griffith University, Australia, icddr, b: International Centre for 
Diarrhoeal Diseases Research, Bangladesh.  
 
Purpose of research  
I, Md. Radwanur Rahman, am a PhD candidate in Griffith University, Australia and 
work with International Centre for Diarrhoeal Disease Research, Bangladesh 
(icddr,b). We are going to conduct a new research to identify the health risks of 
increasing water salinity and potential adaptation strategies in coastal areas of 
Bangladesh. Specifically in this research we will examine if drinking water salinity 
has any risk on your blood pressure and what strategies can be adopted to prevent 
the potential health risks. We are seeking permission to include you as a participant 
in this study which will help us to develop adaptation strategies to prevent potential 
health risks of population in your area and in similar settings.     

 
Why Selected?  
We are inviting you because you live in this area and you are an adult (18 or above). 
We believe you are among the right ones who could help us with important 
information for the study. 
 
What is expected from participant?  
If you agree to participate in this research, we will collect some information from you 
regarding your household members, socio-economic status, your diet, water source 
and consumption, and physical activity, family history of hypertension. This 
interview will take only about 30-45 minutes. At the end of interview we will take 
three measures of your blood pressure on upper left arm in 15 minutes and waist 
circumference. We will also provide you a container to collect your urine, which will 
be collected back from you on the next morning.    
 
Risks  
There are no significant risks to participation in the study. We will only collect above 
mentioned information, for which you will only need to spend some time.  
 
Benefits  
The study may not benefit you directly. However we will be able to suggest if you 
would require seeking any medical advice with the measurements and samples you 
are providing us. Moreover the information that we will obtain from this study would 
have broader impact, guiding the development of policies and programs with the 
better understanding of potential health impacts of climate change, sea level rise in 
Bangladesh and elsewhere and strategies to respond to these threats.     
 
Privacy, anonymity, and confidentiality  
Information that you will share with us will remain confidential, under lock and key. 
None other than the investigators of this research; possible study monitor, and any 
law-enforcing agency in the event of necessity would have an access to the 
information. The data related to the study may be sent outside the country for 
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analysis (only where applicable); however, any personal identifiable information will 
be held and processed under secured conditions, with access to limited appropriate 
staff of that organization. 
 
Future use of information  
Only anonymous information will be used from this interview for the objectives 
described to you a few moments ago. 
 
Right not to participate and withdraw  
Your participation in this study is completely voluntary. You have the right to 
withdraw from the study at any time. Even if you do not agree to join the study, or if 
you withdraw from the study, you will still receive the same quality of medical care 
available to you through icddr, b and the government health centres.  
 
Principle of compensation 
As mentioned earlier, your participation in the study is completely voluntary and you 
will not get any payment for participating in the study. 
 
 
If you agree to our proposal of enrolling you in our study, please indicate that by 
putting your signature or your left thumb impression at the specified space below: 
  
Thank you for your cooperation 
 
_____________________________  ____________________ 
Signature or left thumb impression of participants   Date 
 
_____________________________  ____________________ 
Signature or left thumb impression of the witness   Date 
 
_____________________________  ___________________ 
 Signature of the PI or his/her representative     Date 
 
 (NOTE: In case of representative of the PI, she/he shall put her/his full 
name and designation and then sign) 

 
Persons to contact:  
Dr.  Mohammad Radwanur Rahman Talukder, PhD candidate at the Griffith 
University and Project Research Manager, ICDDR, B, Dhaka, Bangladesh is the 
Principal Investigator of this project.  If you have questions about this study or if you 
feel that you have been treated unfairly or have been hurt by joining the study, you 
may call Mohammad Radwanur Rahman Talukder at +8801715061318 at ICDDR, B, 
Dhaka, Bangladesh. 
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Written informed consent form for “In-depth interviews with female 
family members/ caregivers” (English) 
 
Protocol Title: Health risks of increasing water salinity and potential adaptation 
strategies in coastal areas of Bangladesh 
 
Organizations: Griffith University, Australia, icddr,b: International Centre for 
Diarrhoeal Diseases Research, Bangladesh. 
 
Purpose of research  
I, Md. Radwanur Rahman, am a PhD candidate in Griffith University, Australia and 
work with International Centre for Diarrhoeal Disease Research, Bangladesh 
(icddr,b). We are going to conduct a new research to identify the health risks of 
increasing water salinity and potential adaptation strategies in coastal areas of 
Bangladesh. Specifically in this research we will examine if drinking water salinity 
has any risk on your blood pressure and what strategies can be adopted to prevent 
the potential health risks. We are seeking permission to include you as a participant 
in this study which will help us to develop adaptation strategies to prevent potential 
health risks of population in your area and in similar settings.     
 
Why are we inviting you to participate in the study?  
We are inviting you because you live in this area and you are an adult (18 or above). 
We believe you are among the right ones who could help us with important 
information for the study. 
 
What is expected from the participants of the research study? 
If you agree to participate in this study, then I will seek about an hour and a half of 
your time at the most. My research will examine the potential risk of drinking water 
salinity on your blood pressure and to explore what are the adaptation strategies to 
respond to this change in water quality. We would like to talk with you regarding 
your daily water consumption, sources of water in your household, safe water 
options, their maintenance and challenges. 
 
Also, we may record our conversation (or a part of it) so that the information you 
share is not lost. This and any other information you share will only be shared among 
the researchers in the team.  
 
Please be rest assured that if you feel like withdrawing from the study at any point in 
time, you may do so without any restrictions from the investigators.  

 
Risk and benefits 
There is no more than minimal risk involved in the study. There are no direct benefits 
of participating in the study. However, you will have the opportunity to share your 
experiences and ideas, which will eventually contribute in providing you with better 
healthcare in the future and improve health outcomes in your community. 
 
 
Privacy, anonymity and confidentiality 
We do hereby affirm that privacy, anonymity and confidentiality of data/information 
identifying you/your patient will strictly be maintained. None other than the 
investigators of this research; possible study monitor, and any law-enforcing agency 
in the event of necessity will have access to study forms and audio tapes, which will 
be stored in locked cabinets at our offices in Dhaka. Seven years after the study, 
forms and audio tapes will be destroyed. 
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Future use of information 
Only anonymous information will be used from this interview for the objectives 
described to you a few moments ago. We will never use your name or your contact 
information in any way. Instead, we will be using an identification number so that no 
one can identify you. 
 
Right not to participate and withdraw 
Your participation in this study is completely voluntary. You have the right to 
withdraw from the study at any time. Even if you do not agree to join the study, or if 
you withdraw from the study, you will still receive the same quality of medical care 
available to you through the government and private health centres as you do now. 
 
Principle of compensation  
Since your participation is completely voluntary, you will not get any payment for 
participating in the study.  
If you agree to our proposal of enrolling you in our study, please indicate that by 
putting your signature or your left thumb impression at the specified space below: 
Thank you for your cooperation 
_____________________________  ____________________ 
Signature or left thumb impression of participants   Date 
_____________________________  ____________________ 
Signature or left thumb impression of the witness   Date 
_____________________________  ___________________ 
 Signature of the PI or his/her representative     Date 
(NOTE: In case of representative of the PI, she/he shall put her/his full 
name and designation and then sign) 
 
Persons to contact: Dr.  Mohammad Radwanur Rahman Talukder, PhD candidate 
at the Griffith University and Project Research Manager, ICDDR, B, Dhaka, 
Bangladesh is the Principal Investigator of this project.  If you have questions about 
this study or if you feel that you have been treated unfairly or have been hurt by 
joining the study, you may call Mohammad Radwanur Rahman Talukder at 
+8801715061318 at ICDDR, B, Dhaka, Bangladesh. 
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Written informed consent form for “Focus group discussion with the 
household heads” (English) 
 
Protocol Title: Health risks of water salinity and potential adaptation strategies in 
coastal areas of Bangladesh. 
   
Organizations: Griffith University, Australia, icddr, b: International Centre for 
Diarrhoeal Diseases Research, Bangladesh. 
 
Purpose of research  
I, Md. Radwanur Rahman, am a PhD candidate in Griffith University, Australia and 
work with International Centre for Diarrhoeal Disease Research, Bangladesh 
(icddr,b). We are going to conduct a new research to identify the health risks of 
increasing water salinity and potential adaptation strategies in coastal areas of 
Bangladesh. Specifically in this research we will examine if drinking water salinity 
has any risk on your blood pressure and what strategies can be adopted to prevent 
the potential health risks. We are seeking permission to include you as a participant 
in this study which will help us to develop adaptation strategies to prevent potential 
health risks of population in your area and in similar settings.     
 
Why are we inviting you to participate in the study?  
We are inviting you because you live in this area and you are an adult (18 or older). 
We believe you are among the right ones who could help us with important 
information for the study. 
 
What is expected from the participants of the research study? 
If you agree to participate in this study, then I will seek about an hour and a half of 
your time at the most. My research will examine the potential risk of drinking water 
salinity on your blood pressure and to explore what are the adaptation strategies to 
respond to this change in water quality. We would like to talk with you regarding 
your daily water consumption, sources of water in your household, salinization of 
water, safe water options, their maintenance and challenges. 
 
Also, we may record our conversation (or a part of it) so that the information you 
share is not lost. This and any other information you share will only be shared among 
the researchers in the team.  
 
Please be rest assured that if you feel like withdrawing from the study at any point in 
time, you may do so without any restrictions from the investigators.  

 
Risk and benefits 
There is no more than minimal risk involved in the study. There are no direct benefits 
of participating in the study. However, you will have the opportunity to share your 
experiences and ideas, which will eventually contribute in providing you with better 
healthcare in the future and improve health outcomes in your community. 
 
Privacy, anonymity and confidentiality 
We do hereby affirm that privacy, anonymity and confidentiality of data/information 
identifying you/your patient will strictly be maintained. None other than the 
investigators of this research; possible study monitor, and any law-enforcing agency 
in the event of necessity will have access to study forms and audio tapes, which will 
be stored in locked cabinets at our offices in Dhaka. Seven years after the study, 
forms and audio tapes will be destroyed. 
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Future use of information 
Only anonymous information will be used from this interview for the objectives 
described to you a few moments ago. We will never use your name or your contact 
information in any way. Instead, we will be using an identification number so that no 
one can identify you. 
 
Right not to participate and withdraw 
Your participation in this study is completely voluntary. You have the right to 
withdraw from the study at any time. Even if you do not agree to join the study, or if 
you withdraw from the study, you will still receive the same quality of medical care 
available to you through the government and private health centers as you do now. 
 
Principle of compensation  
Since your participation is completely voluntary, you will not get any payment for 
participating in the study.  
If you agree to our proposal of enrolling you in our study, please indicate that by 
putting your signature or your left thumb impression at the specified space below: 
Thank you for your cooperation 
______________________________  ____________________ 
Signature or left thumb impression of participants   Date 
______________________________  ____________________ 
Signature or left thumb impression of the witness   Date 
______________________________  ___________________ 
 Signature of the PI or his/her representative     Date 
(NOTE: In case of representative of the PI, she/he shall put her/his full name and 
designation and then sign) 
 
Persons to contact: Dr.  Mohammad Radwanur Rahman Talukder, PhD candidate at 
the Griffith University and Project Research Manager, ICDDR, B, Dhaka, Bangladesh 
is the Principal Investigator of this project.  If you have questions about this study or 
if you feel that you have been treated unfairly or have been hurt by joining the study, 
you may call Mohammad Radwanur Rahman Talukder at +8801715061318 at 
ICDDR, B, Dhaka, Bangladesh.  
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Questionnaire 

1. Address and identification information 

   (Name)  Code)    

1.01 District  (Khulna)   4 7   

1.02 Upazila  (Koyra)  5 3   

1.03 Union        

1.04 Village        

1.05 Bari        

1.06 Household         

 

1.07 Respondent's Name   

1.08 Household Head’s Name   

1.09 
Data Collector’s Name & 

Code 
   

Code

   

1.10 GPS coordinates of Bari 

 Latitude     Longitude  

 Degree Min Sec     Degree Min Sec  

            

 

2. Background information of the respondents 

This section contains some background information of the respondent.  

 [For Data Collector- I would like to ask some question about you] 

2.01 In what month and year were you born? 

[Probe and record] 

Month…………………………………|____|____|  

Year……………………………..|___|___|___|___| 

 

2.02 How old were you at your last birthday? 

[Compare and Correct 2.01 and/or 2.02 if 

inconsistent]  

Age in completed Years  |____|____|  

2.03 Are you now married, separated, deserted, 

divorced, widowed, or have you never been 

married? 

Currently Married……………….…..……….... 1 

Separated ……………….…...……….………..2 

Deserted……………….…...……….………..... 3 

Divorced ............................................................ 4 

Widowed………………………………… ........ 5 

Never Married…………………… .................... 6

 

 

2.04 Have you ever attended school/madrasha? Yes..........................................................................1  

No........................................................................... 2 
 
 2.08 

2.05 What type of school have you last attended? School…………………………………………….1 

Madrasha………………………………………….2 

 

2.06 What is the highest level of school you 

attended: primary, secondary, or higher? 

Primary..………………….…...……….………....1 

Secondary……………………………....………..2  

Higher...………………………………………….3 

 

2.07 What is the highest class you completed at that 

level? 

[If completed less than one year at that level, 

Record ‘00’] 

Class  |____|____|  

Interview completed……....................1 
Absent……......................................2  
Refused ……....................................3 
Others________________________9 

(Specify) 
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2.08 What is your religion? 

 

Muslim…………………………………....………1  

Hindu……………………………………………..2  

Christian………………………………………….3  

Buddhist/neo-Buddhist…………………………..4 

Other __________________________________ 5 

 

2.09 What is your primary occupation, that is, what 

kind of work do (did) you mainly do? 

 

Physical work 

Unskilled laborer…………………………………1 

Skilled worker…………………………………....2 

 
Non-physical work 

Business/trade…………………………………….3 

Service holder…………………………………….4 

Professional……………………………………….5 

Other ___________________________________6 
(Please specify) 

 

2.10 How long are you living in this area? Years  |____|____|  

 

3. Household characteristics 

This section contains some information of the respondent and other members of the same household   

3.01 

 

Number of members in your household? <5 

years 

5-18 

years 

19-25 

years 

25-49 

years 

50 

and 

above 

 

|____| |____| |____| |____| |____|

3.02 How many rooms are there in your house for 

household members to sleep in? 

Rooms.................|____|____| 

 

 

3.03  [Observe] Which material is the roof of the 

largest structure of the household made of?  

Natural roofing  

No roof  .............................................. 11 

Thatch/palm leaf ................................ 12 

Rudimentary roof 

Bamboo .............................................. 23 

Wood planks  ..................................... 24 

Cardboard .......................................... 25 

Finished Roofing 

Tin  .................................................... 31 

Wood ................................................. 32 

Ceramic Tiles ..................................... 33 

Cement............................................... 34 

Roofing Shingles ............................... 35 

 

Other _________________________________ 96 

     (Specify) 

 

3.04 [Observe] Which material is the wall of the 

largest structure of the household made of?  

 

Natural roofing  

No roof  .............................................. 11 

Thatch/palm leaf ................................ 12 

Rudimentary roof 

Bamboo .............................................. 23 

Wood planks  ..................................... 24 

Cardboard .......................................... 25 

Finished Roofing 

Tin  .................................................... 31 

Wood ................................................. 32 

Ceramic Tiles ..................................... 33 

Cement............................................... 34 

Roofing Shingles ............................... 35 

 

Other _________________________________ 96 

     (Specify) 
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3.05 [Observe] Which material is the floor of the 

largest room made of?  

Natural Floor 

Earth/Sand ......................................... 11 

Rudimentary Floor 

Wood Planks ...................................... 21 

Palm/Bamboo .................................... 22 

Finished Floor 

Parquet or Polished Wood  ................ 31 

Ceramic Tiles  .................................... 33 

Cement ............................................... 34 

 

Other _________________________________ 96 

     (Specify) 

 

3.13 Does your household have the following 

materials? 

 

Electricity? 

A radio? 
A television? 
A mobile telephone? 
A non-mobile telephone? 
A refrigerator? 

An almirah/wardrobe? 

A table? 

A chair?  
An electric fan? 
A DVD/VCD player? 
A water pump?  

Yes          No 
Electricity......................................... 1…. ......2 
Radio ............................................... 1…. ......2 

Television ........................................ 1…. ......2 

Mobile telephone .............................. 1…. ......2 

Non-mobile telephone ....................... 1…. ......2 

Refrigerator ...................................... 1…. ......2 

Almirah/wardrobe ............................ 1…. ......2 

Table ............................................... 1…. ......2 

Chair ............................................... 1…. ......2 

Electric fan ....................................... 1…. ......2 
DVD/VCD Player 

 ....................................................... 1…. ......2 
Water pump ..........................................1…. ......2 
None of the above .................................1…. ......2 

 

3.14 Does your household/ any member in your 

household have the following things? 

Autobike? 

Rickshaw/ Van? 

Bi-cycle? 

Motor cycle/ Scooter/ Tempu/ CNG? 

                                                       Yes          No 

  

Autobike…….…………….. .......  ……..1.…....2

Rickshaw/ Van........................................ 1 .........2 

Bi-cycle .................................................. 1 .........2 

Motor cycle/ Scooter/ Tempu/ CNG ....... 1 .........2 

 

 

 

3.15 Does your household own any homestead? 

 
If ‘no,’ probe: Does your household own any 

homestead in any other places? 

Yes...............................................................1 

No.................................................................2 

 

3.16 Does your household own any land (other 

than the homestead land)? 

Yes................................................................1 

No..................................................................2 

 

4.01 

3.17 

How much land does your household own 

(other than the homestead land)?  

(Amount)____________________ 

Unit______________________ (specify) 

If 95 acres or more record 9995 

|___|___| . |___|___| 

  Acres      Decimals 

 

95 acres or more record…… ......................... 9995

Do not know…………………...… ................ 9998 

 

4. Water consumption, water salinity and health problems 

This section contains some information of the respondent and other members of the same household  
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4.01 What is the main source (most of the time in 

a year) of drinking water for members of your 

household?   

 

 

Piped water

Piped into dwelling ............................................. 11 
Piped to yard/plot ............................................... 12 
Tap/standpipe ..................................................... 13 

Tube well or borehole ......................................... 21 

Dug well 
Protected well ..................................................... 31 
Unprotected well ................................................ 32 
 

Rainwater Harvesting 
Household-based Rainwater Harvesting system. 51 
Community-based Rainwater Harvesting system.
 ............................................................................ 52 

Pond sand filter (PSF)......................................... 61

Surface water (river/dam/Lake/pond/stream/ 

canal/ .................................................................. 81 
Bottled water ...................................................... 91 
Other _______________________________ 96 
(Specify) 

 

 

 

 

 

4.02 On average in a year how many months do 

you usually use this source of water for 

drinking purpose? 
|___|___| Months

 

4.03 Besides the main source of drinking water 

what other sources of water are used for 

drinking in your household?   

 

Multiple answers are allowed. Prompt for 

more options. Do not read out the answer 

 

Piped water

Piped into dwelling ............................................. 11 
Piped to yard/plot ............................................... 12 
Tap/standpipe ..................................................... 13 

Tube well or borehole ......................................... 21 

Dug well 
Protected well ..................................................... 31 
Unprotected well ................................................ 32 
 

Rainwater Harvesting 
Household-based Rainwater Harvesting system. 51 
Community-based Rainwater Harvesting system.
 ............................................................................ 52 

Pond sand filter (PSF)......................................... 61

Surface water (river/dam/Lake/pond/stream/ 

canal/ .................................................................. 81 
Bottled water ...................................................... 91 
Other _______________________________ 96 
(Specify) 

 

4.04 Have you or any of your family members 

suffered from health problems due to 

drinking this water? 

 

Multiple answers are allowed. Prompt for 

more options. Do not read out the answer 

No problem ......................................................... X 
Diarrhoea ............................................................ A

Cholera ............................................................... B 

Dysentry  ............................................................ C 

Malnutrition ........................................................ D 

Gastric/Acidity ................................................... E 

Other _______________________________ Z 
(Specify)
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4.05 What is the main source of cooking water for 

members of your household?   

 

 

Piped water

Piped into dwelling ............................................. 11 
Piped to yard/plot ............................................... 12 
Tap/standpipe ..................................................... 13 

Tube well or borehole ......................................... 21 

Dug well 
Protected well ..................................................... 31 
Unprotected well ................................................ 32 
 

Rainwater Harvesting 
Household-based Rainwater Harvesting system. 51 
Community-based Rainwater Harvesting system.
 ............................................................................ 52 

Pond sand filter (PSF)......................................... 61

Surface water (river/dam/Lake/pond/stream/ 

canal/ .................................................................. 81 
Bottled water ...................................................... 91 
Other _______________________________ 96 
(Specify) 

 

4.06  (Other than piped water sources) How long 

do you usually travel to collect water?   
|___|.|___| kilometer  
 

 

 

4.07 

(Other than piped water sources) How much 

time do you spend to collect water?  
Travel Collection

 

|___|___| Minutes 

|___|___| Hours 

|___|___| Minutes 

|___|___| Hours 

4.08 How many times do you usually travel daily 

for collection water?  
|___|___| Times

 

4.09 How many glasses of water do you usually 

drink every day? 

Number of glasses...........|____|____| 

 

 

4.10 How does your drinking water taste? Normal ............................................................. 1 
Not sweet ........................................................ 2  
Salty .................................................................. 3 
Bitter ................................................................. 4 
Other __________________________ 9 
        Specify 

 

 

 
 

4.12 

4.11 Does your drinking water taste salty? Yes ...................................................................... 1

No ....................................................................... 2

 

4.12 How long are you drinking this water? Years...........|____|____| 

 

 

4.13 In your opinion, is this salty taste of water 

increasing?

Increasing ........................................................... 1

Same as before .................................................... 2

 

4.14 Have you or any of your family members 

suffered from health problems due to this 

water salinity? 

 

Multiple answers are allowed. Prompt for 

more options. Do not read out the answer 

No problem ......................................................... X 
Diarrhoea ............................................................ A

Cholera ............................................................... B 

Dysentry  ............................................................ C 

Malnutrition ........................................................ D 

Skin diseases ....................................................... E 

Gastric/Acidity ................................................... F 

High blood pressure ............................................ G 

Other _______________________________ Z 
(Specify)
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4.15 Have you suffered any physical health 

problem for collection of water?
Yes ...................................................................... 1

No ....................................................................... 2

 

 

4.15 
4.16 What are the health problems? Body pain ........................................................... A

Injured as fall down ............................................ B

Other _______________________________ Z 
(Specify)

 

4.17 Have any of your blood-related family 

members suffered from high blood pressure?

Yes ...................................................................... 1

No ....................................................................... 2

 

 Blood pressure measurement  

4.18 Before this survey, has your blood pressure 

ever been checked? 

Yes ...................................................................... 1

No ....................................................................... 2

 

4.19 Have you ever been told by a doctor or a 

nurse that you have high blood pressure? Yes ...................................................................... 1

No ....................................................................... 2

 

 

 

 

4.20 To lower your blood pressure, are you now 

taking a prescribed medicine? 

Yes ...................................................................... 1

No ....................................................................... 2

 

4.21 Before taking your blood pressure, I would 

like to ask a few questions about things that 

may affect these measurements. 

Have you done any of the following within 

the past 30 minutes: 

Eaten anything?  

Had coffee, tea, cola or other drink that has 

caffeine?  

Smoked any tobacco product? 

Yes No

 
Eaten anything?  

 ..................................................... 1 2
Had coffee, tea, cola or other drink that has 

caffeine?  

 ..................................................... 1 2 
Smoked any tobacco product? .............  
 ..................................................... 1 2 
 

 

 

  1
st

          2
nd

 3
rd

  

4.23 Record time |___|___| 
Hours 

|___|___| 
Minutes 

|___|___| 
Hours 

|___|___| 
Minutes 

|___|___| 
Hours 

|___|___| 
Minutes 

 

4.24 Take the first blood pressure reading. 

record the systolic (SBP) and diastolic 

pressure (DBP),  

If you are unable to measure respondent's 

blood pressure, record the reason in Q4.24. 

|__|__|__| 

SBP 
|__|__|__| 

DBP 

|__|__|__| 

SBP 
|__|__|__| 

DBP 

|__|__|__| 

SBP 
|__|__|__| 

DBP 

 

4.25 Record reason blood  

pressure is not measured 

REFUSED . . . . . . . . . . . . . . . 994  
TECHNICAL PROBLEMS . . . 995  
OTHER . . . . . . . . . . . . . . . . 996

 

Now measure weight and height of the respondent and record accordingly 

4.26 Respondent’s weight (kg)  |__|__|__|. |__|__| kg 
REFUSED . . . . . . . . . . . . . . . 99995 

 

4.27 Respondent’s height (cm) |__|__|__|. |__| cm 
REFUSED . . . . . . . . . . . . . . . 9995 
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Section 5 Food availability and consumption 

 
Question  Code  Skip  

5.01   
In the past 4 weeks was there ever no food to eat of any kind in 

your house because of lack of resources to get food? 

Yes ....................................................................1  
No ......................................................................2            

 
 5.03 

5.02  
How often did this happen in the past 4 weeks? 

Rarely (1-2 times)...............................................1  
Sometimes (3-10 times) .....................................2  
Often (> 10 times) ..............................................3  

 

5.03  
In the past 4 weeks did you or any household member go to sleep 

at night hungry because there was not enough food? 

Yes ....................................................................1  
No ......................................................................2            

 

 5.05 

5.04  
How often did this happen in the past 4 weeks? 

Rarely (1-2 times)...............................................1  
Sometimes (3-10 times) .....................................2  
Often (> 10 times) ..............................................3  

 

5.05  
In the past 4 weeks did you or any household member go a 

whole day and night without eating anything at all because there 

was not enough food? 

Yes ....................................................................1  
No ......................................................................2            

 
 5.07 

5.06  
How often did this happen in the past 4 weeks? 

Rarely (1-2 times)...............................................1  
Sometimes (3-10 times) .....................................2  
Often (> 10 times) ..............................................3  

 

Food frequency: READ: Now I would like to ask you about foods that the members of your household consumed 

at home. Could you please tell me how many days in the past week your household has eaten the following food 

items, prepared and/or consumed at home and what the source of the food was? 

 
Item  Food Item  5.07.  

Number of days eaten in previous 7 

days: If 0 >> Next item  

CODE 1  

5.08.  
What was the main source of 

this food in the last 7 days?  

CODE 2  

1  Wheat flour (Roti, bread, noodles)    

2  Rice    
3  Potatoes, cassava, matoke and other roots/tubers    

4  Cereals (maize, sorghum, millet, barley)    

5  Vegetables    

6  Fruits/fruit juices (fresh and dry)    

7  Beans, lentils, peas, nuts    

8  Eggs    
9  Dairy products (milk, cheese, yoghurt)    
10  Meat (goat, beef, lamb, pork)    

11  Poultry (chicken, duck, pidgeon)    

12  Fish (fresh and dry)    

13  Oil//fats (ghee, butter, veg oil)    
14  Sugar, Honey    

15  Condiments (spices, ketchup)    
16  Nuts and seeds (ground nut, simsim, sunflower)    
17  Tobacco (Alcohol included)    
5.09  
Do you take additional salt during your meal? 

Yes ..........................................................................1  
 No ............................................................................2            
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Code 1 Code 2 

Did not eat              0 

1 day                       1   

2 days                     2                           

3 days                     3 

4 days             4 

5 days             5 

6 days             6 

7 days             7 

Own production          1 
Fishing/ hunting          2     
Purchased by money   3       
Lent money                 4       
Loan (friend/ relative) 5 

Loan (friend/ relative) 6 
Begging                        7 
Payment                        8 
Food aid program          9 

End the interview thanking the respondents 
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Tables 
AT 1 Multivariable linear regression analyses showing the relationship between exposure from water salinity (mg/L) and estimated 
urinary sodium (mmol/day) by categories and Systolic Blood Pressure (SBP), and Diastolic Blood Pressure (DBP) excluding 
respondents those reported being hypertensive (n=14) 
 

 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

Water salinity level (n=239)  

<600 mg 

600 mg and above 

Model 1* 

Model 2** 

Ref 

3.61  

3.90  

3.56  

 

1.04, 6.18 

1.29, 6.51 

0.90, 6.22 

 

0.006 

0.004 

0.009 

Ref 

3.09 

3.05  

3.09  

 

0.73, 5.44 

0.63, 5.50 

0.61, 5.56 

 

0.01 

0.01 

0.01 

Estimated urinary sodium (mmol/day) (n=225)  

Unadjusted 

42.0-104.4  

104.5-128.1  

128.2-291.7 

 

Ref 

3.10 

5.12 

 

 

-0.02, 6.21 

1.94, 8.29 

 

 

0.05 

0.002     

 

Ref 

-0.58  

-2.16 

 

 

-3.47, 2.30 

-5.11, 0.78 

 

 

0.69 

0.15    
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 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

Adjusted (Model 1*) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

Adjusted (Model 2**) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

 

- 

2.94 

4.51 

 

- 

3.10 

3.64 

 

 

-0.24, 6.12 

1.24, 7.79 

 

 

-0.13, 6.32 

0.22, 7.06 

 

 

0.07 

0.007 

 

    

0.28     

0.04 

 

 

0.14  

-1.96  

 

 

-0.22 

-2.92  

 

 

-2.82, 3.10 

-5.00, 1.09 

 

 

-3.19, 2.75 

-6.07, 0.22 

 

 

0.93 

0.21     

 

 

0.88    

0.07 
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AT 2 Multivariable linear regression analyses showing the relationship between exposure from water salinity (mg/L) and estimated 
urinary sodium (mmol/day) by categories and Systolic Blood Pressure (SBP), and Diastolic Blood Pressure (DBP) excluding 
respondents those reported use of medication for hypertension (n=9) 
 

 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

Water salinity level (n=244)  

<600 mg 

600 mg and above 

Model 1* 

Model 2** 

Ref 

3.46  

3.65 

3.43  

 

0.89, 6.03 

1.04, 6.27 

0.77, 6.10 

 

0.009 

0.006 

0.01 

Ref 

3.08 

3.03  

2.97 

 

0.77, 5.39 

0.64, 5.42 

0.52, 5.41 

 

0.009 

0.01 

0.02 

Estimated urinary sodium (mmol/day) (n=230)  

Unadjusted 

42.0-104.4  

104.5-128.1  

128.2-291.7 

Adjusted (Model 1*) 

42.0-104.4  

 

Ref 

2.67 

4.72 

 

- 

 

 

-0.46, 5.81 

1.53, 7.91 

 

 

 

 

0.09 

0.004    

 

 

 

Ref 

-0.91  

-2.17 

 

 

 

 

-3.77, 1.94 

-5.08, 0.73 

 

 

 

 

0.53 

0.14    
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 SBP (mmHg) DBP (mmHg) 

 β-Coefficient  95% CI p-value β-Coefficient  95% CI p-value 

104.5-128.1  

128.2-291.7 

Adjusted (Model 2**) 

42.0-104.4  

104.5-128.1  

128.2-291.7 

2.47 

4.15 

 

- 

2.51 

3.35 

-0.72, 5.66 

0.88, 7.41 

 

 

-0.73, 5.75 

-0.07, 6.76 

0.92 

0.01 

 

    

0.13    

0.05 

-0.21  

-2.01 

 

 

-0.54 

-3.03  

-3.14, 2.71 

-5.00, 0.98 

 

 

-3.48, 2.41 

-6.13, 0.07 

0.88 

0.19     

 

 

0.72    

0.05 
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Figures and guidelines 
AF 1: Omron HEM-7111 automatic BP monitor  
 

 
 
 
AF 2: S+M Height measure-2meter scale Omron HEM-7111 automatic BP 
monitor 
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A_Box 1: Guidelines for BP measurement using  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Ensure respondents’ resting state for at least 30 minutes before taking blood 

pressure measurement (e.g. avoid eating, smoking, and exercising).  

2. Remove tight-fitting clothing from respondents’ upper arm. 

3. Request the respondent to take seat in a chair with feet flat on the floor and place 

arm on a table so that the cuff is at the same level as heart. 

4. Put arm through the cuff loop making sure that the bottom edge of the cuff is 

approximately one-half inch above the elbow. 

 

 
 

5. Pull the end of the cuff so that the entire cuff is evenly tightened around your arm 

and press the hook material firmly against the pile side of the cuff. 

6. Press the ON/OFF button. 

7. After the Heart Symbol (       ) appears on the digital panel, press the Start button, 

and remain still until the measurement is complete. 

8. When measurement is complete, the monitor displays blood pressure and pulse rate, 

and automatically deflates the cuff. Record the first measurement of SBP and DBP in 

the respective form for the respondent 

9. Wait 2-3 minutes before taking another blood pressure measurement and record in 

the form accordingly. 
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A_Box 2: Guidelines for height measurement using S+M Height Measure scale 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Look around the household for a suitable flat surface with a perpendicular 

wall/pillar/pole, and select the space for taking the height of participant 

 Woman should stand on a flat platform which is perpendicular to a wall  

 Both ankles should touch each other and should touch the wall (shoes and 

sandals must be taken off) 

 Stand in a relaxed position keeping both shoulders horizontal (at the same 

level)   

 Face and shoulder should be perpendicular (90 degree to shoulder line) 

 Back of the head should not touch the wall 

 No cap or cloth should be on the head. Hair should not be tied into a bun (hair 

should be let loose) 

 After ensuring the participant is standing in correct position, place the height 

measuring scale on top the skull (in the middle)  

 The upright part of the measuring scale should be placed to the wall/pole/pillar 

 Make sure no extra pressure is given on the skull by the measuring scale 

 Put a mark on the wall on top of the upright part of the measuring scale 

 Then the measurer will request the woman to step aside while keeping the 

scale in fixed position. 

 The woman will then hold the scale in the same position, on the wall, while the 

measurer will pull down the measuring tape to the ground (where the 

participant was standing) 

 Measurer should make sure that the scale does not get pulled or removed from 

its position (even slightly) when she pulls down the tape.  

 Now the measurer will take the reading from the reading window (of the 

measuring scale) that touched the ground   

 The reading should be taken at the eye level to avoid misreading from the scale 

 The reading should be subtracted from 200 to get the height of the participant 

 Repeat twice for each participant. If the difference between 2 consecutive 

readings is >0.50cm, then a third reading is to be taken. 
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