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Abstract

Salinity intrusion in coastal Bangladesh has serious population health implications, which are yet
to be clearly understood. The study was undertaken through the Assessing Health, Livelihoods,
Ecosystem Services and Poverty Alleviation in Populous Deltas’ project in coastal Bangladesh.
Drinking water salinity and blood pressure measurements were carried out during the a household
survey campaign. The study explored association among Socio-Ecological Systems (SESS),
drinking water salinity and blood pressure.

High blood pressure (prehypertension and hypertension) was found significantly associated with
drinking water salinity. People exposed to slightly saline (1000-2000 mg/l) and moderately saline
(=2000 mg/l) concentration drinking water had respectively 17% (p<0.1) and 42% (p<0.05)
higher chance of being hypertensive than those who consumed fresh water (<1000 mg/l). Women
had 31% higher chance of being hypertensive than men. Also, respondents of 35 years and above
were about 2.4 times more likely to be hypertensive compared to below 35 years age group. For
the 35 years and above age group, both prehypertension and hypertension were found higher than
national rural statistics (50.1%) for saline water categories (53.8% for slightly and 62.5% for
moderate saline). For moderate salinity exposure, hypertension prevalence was found respectively
21%, 60% and 48% higher than national statistics (23.6%) in consecutive survey rounds among the
respondents. Though there was small seasonal variation in drinking water salinity, however blood
pressure showed an increasing trend and maximum during the dry season. Mean salinity and
associated hypertension prevalence were found higher for deep aquifer (21.6%) compared to
shallow aquifer (20.8%).

Localized increase in soil and groundwater salinity was predicted over the study area. Shallow
aquifer salinity increase was projected based on modelled output of soil salinity. Rather than
uniform increase, there were localized extreme values. Deep aquifer salinity was also predicted to
exhibit increasing trend over the period. Study findings and recommendations are suggested for
immediate and planned intervention.

Key-words: Drinking Water Salinity, Socio-Ecological Systems, Hypertension, Health, Coastal
Bangladesh
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Introduction

Human life, livelihood, health and wellbeing are closely linked with local ecosystems. Water is
fundamental to all forms of ecosystem services including, provisioning, cultural, regulatory and
maintenance; however contaminated water is also one of the major mediums of mortality and
morbidity worldwide (UNICEF and WHO, 2015). Climate change and environmental pollution drive
health in complex direct and indirect ways and ‘water caused diseases’ are on the rise- which are
linked with degraded water qualities. Salinity intrusion into drinking water and its associated health
impact is one such critical issue (McMichael, 2003) with increased blood pressure (BP) or
hypertension leading way to cardiovascular diseases (CVD). This is of particular concern for a
country like Bangladesh where large coastal population drinks water from sources with elevated
salinity level (Vineis et al., 2011).

Anthropogenic activity induced green house gases (GHGSs) concentration is increasing in the
atmosphere and resultant climate change and sea level rise (CCSLR) is experienced globally- with
varied scale and magnitude (IPCC, 2014). The scientific community already agreed that the
unprecedented impact will be greatest on human health and natural environment (Watts et al., 2015).
Yet the linkage between environment-ecosystem and human health-wellbeing is poorly understood
and integrated within research, policy and practice (Ford et al., 2015).

Deltas are unique natural dynamic coastal systems, linked with both land-based fluvial and coastal
ocean processes (Pont et al., 2002). Deltaic areas are highly vulnerable to the impacts of climate
change and anthropogenic activities; particularly the Ganges Brahmaputra Meghna (GBM) delta in
Bangladesh with highest deltaic population in the world (Ericson et al., 2006). Bangladesh is one of
the ‘iconic’ vulnerable countries to the predicted impacts of CCSLR associated changes and extremes
- tropical cyclonic storm surges, floods, drought, water-logging, temperature variability and erratic
rainfall, etc.; some of which are already documented (CCC, 2009, MoEF, 2009a, MoEF, 2009b).

CCSLR have significant impact on world water resources (IPCC, 2007a, IPCC, 2007b). Coupled with
human pressure, local water crises are gradually increasing, with serious implications for public
health, environmental sustainability, food and energy security and economic development (UNESCO,
2015). Climate change is very likely to expose large-scale coastal populations to multiple risks with
increased intensity and frequency and being a low-lying deltaic country, Bangladesh is prone to the
multidimensional health hazards. Salinity intrusion in fresh water and soil is one of many
complexities in coastal Bangladesh (Khanom and Salehin, 2012, MoEF, 2009b). The upstream
diversion and reduction of fresh water flow in Ganges and Gorai river (Gain and Giupponi, 2014,
Mirza, 1998), the expansion of shrimp farming (Johnson et al., 2016) and the increased practice of
agricultural irrigation (Yu et al., 2010, Shamsudduha, 2013), along with natural and environmental
processes like, river salinity and interaction with ground water, tidal surge and storm surge inundation
and water logging, saltwater intrusion, rainfall and evapotranspiration are the major causes of salinity
propagation and saline front expansion in the Bengal delta (Rahman et al., 2000, Yu et al., 2010).
With gradually pronounced CCSLR impacts, future water resources management are predicted to be
quite complex in coastal Bangladesh (BADC, 2013, BWDB, 2013).

In Bangladesh, 97% of the population depends on underground sources for drinking water
(Shamsudduha, 2013) and it has been estimated that about 20 million people living along the coast are
affected by varying degrees of salinity in drinking water (as cited in (Khan et al., 2011)). Elevated
water salinity is linked with direct health outcomes such as hypertension and pre-eclampsia, skin
diseases, acute respiratory infection and diarrheal diseases and transmission of mosquito-borne
diseases (Talukder et al., 2015). In 2002 the World Health Organization (WHO) recognized health



89
90
91
92
93
94
95
96
97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

119
120
121
122
123
124
125
126
127
128
129
130

131
132
133
134

impacts of consumption of highly saline waters as a priority for investigation under its public health
initiatives (McMichael, 2003). Higher rates of (pre)-eclampsia and gestational hypertension in
pregnant women were observed in the southwestern coast of Bangladesh compared with non-coastal
areas, which was hypothesized to be caused by saline contamination of drinking water, with some
seasonality effect higher particularly in dry season (Khan et al., 2011). A consecutive population-
based study conducted in Dacope, Bangladesh with 202 pregnant women also reported significant
association between sodium intake from the drinking water and both (pre)eclampsia and gestational
hypertension (Khan et al., 2014). Higher risk of hypertension due to saline water exposure has been
found among young adults in coastal Bangladesh as well (Talukder et al., 2016).

WHO identified hypertension or high blood pressure as a silent killer and global public health crisis,
accounting for 9 million deaths per year (WHO, 2013). The number of adults with high blood
pressure is estimated to reach about 1.56 billion by around 2025 (WHF, 2017) with the highest
percentage in low income developing countries (Ibrahim and Damasceno, 2012). Hypertension is an
increased risk factor for overall mortality, cardiovascular diseases, myocardial infarction, heart
failure, stroke, renal disease, etc (Dennison-Himmelfarb et al., 2013) and is influenced by genetic,
medical disorder, lifestyle and environmental factors, primarily by the latter two, which differ
between developing and low-income developing countries (lbrahim and Damasceno, 2012). In
Bangladesh, hypertension deaths reached over 16,600 or 2.28% of total deaths. The age-adjusted
death rate is 17.92 per 100,000 of population (WHO, 2011a) ranking Bangladesh 77" in the world
(WLE, 2014). The National Non Communicable Disease (NCD) risk factors survey found
hypertension prevalence high in urban areas and among the male population (WHO, 2011b). Another
study suggested around 17.1% of the total population aged 20 years and above are hypertensive
(Alam et al., 2013). On the other hand Bangladesh Demographic and Health Survey (BDHS) found
hypertension prevalence higher among women (31.9%) than male (19.4%) participants for 35 years
and older age group (NIPORT et al., 2013). Three small scale studies done in coastal Bangladesh with
pregnant women and young adults suggested an association between drinking water salinity and
hypertension (Khan et al., 2008, Khan et al., 2014, Talukder et al., 2016). Interestingly, Rasheed et al.
(2014) observed that the coastal population with high salt intake practices showed a low level of
awareness of hypertension. A recent systematic review also made inconclusive positive remarks on
the association between saline drinking water and increased blood pressure (Talukder et al., 2017).

Though different modifiable factors were identified to influence hypertension, sodium consumption
through saline drinking water as potential risk factor of hypertension has not yet been considered in
hypertension prevention guidelines (Dennison-Himmelfarb et al., 2013, DGHS, 2013). The WHO
guideline value for drinking water salinity is 250 mg of Chloride per liter (mg/l) for Chloride (Cl) and
200 mg/I for Sodium (Na), and is based on taste threshold, not on health consideration. The acceptable
level for Chloride adopted by Bangladesh is 1000 mg/l Chloride (Ahmed and Rahman, 2000) for
coastal areas. Sodium and chloride remain amalgamated in nature as salt and thus approving increased
chloride consumption translates into allowing high sodium intake which is reported to have various
health impacts (WHO, 2012). Consumption of saline water and practice of high salt intake from food,
made coastal people already prone to increased blood pressure. The present trend of salinity intrusion
and future CCSLR impacts will further exacerbate the situation making coastal population highly
vulnerable to drinking water associated hypertension.

This study aims to investigate the link between drinking water salinity and associated health crises,
more specifically hypertension, in coastal Bangladesh. In addition, we further assess two critical
factors in future public health provisioning and water resources management: ground water salinity
and population vulnerability.
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Methodology

The study was carried out under the framework of ‘Assessing Health, Livelihoods, Ecosystem
Services and Poverty Alleviation in Populous Deltas (ESPA Deltas)’ project. ESPA Deltas was a large
multi-disciplinary project, which aimed to understand the link between environmental change,
ecosystem services, human wellbeing (including health), poverty and development within the world's
largest delta — the Ganges—Brahmaputra—Meghna (GBM) Delta.

The Bengal delta covers 19 districts and 25.7% of the population of Bangladesh (BBS, 2011) with
diverse natural resources, including critical ecosystems such as the Sundarban mangrove forest,
fisheries, shrimp farms, agriculture, and deposits of minerals and salt, with export promotion sites,
harbors, airports, ports, tourism, and other industries- supporting the livelihoods of more than 37
million people. Poverty in the coastal area is prominent with high vulnerabilities in terms of food
insecurity, income, water and health (cited from (Dasgupta et al., 2014).
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Figure 1. ESPA deltas study area map.

In ESPA deltas study, 4 Social-ecological Systems (SES) were matched with major land-use types:
Aman, Boro, Bagda and Golda SESs. Unions falling in these SES were defined by greater than 80%
land coverage of each of these land uses, adjusting for mudflats, river canals, sand, rural and urban
settlements, water bodies and water logged land areas. 3 SES are not directly identifiable by specific
land use type, but spatial environmental characteristics. Sundarban dependent SES includes all unions
contiguous with the Sundarban. Marine unions are all sea facing unions and Char unions are defined
as any union that has the presence of riverine chars (Adams et al., 2016).
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The ESPA Deltas study area covers 21 unions from 9 coastal districts covering south-central to south-
west regions of the Bengal delta in Bangladesh. These unions belong to 7 Socio-Ecological Systems,
SES (Adams et al., 2016) and correspond to wet season rice only (Aman), dry season irrigated rice
cultivation (Boro), saltwater shrimp aquaculture (Bagda), freshwater prawn aquaculture (Golda),
Riverine char lands, Sundarban dependent zone and coastal marine periphery (Figurel). It was
hypothesized that, dominant land use at a particular geographical location (i.e. SES) has an effect on
the quality of ecosystem services (ES) and on health outcomes of the population.

A longitudinal survey was conducted within the ESPA Deltas project in the South West to South
Central coastal zones of Bangladesh (Adams et al., 2016). The sampling strategy took ecosystem
service provisioning as the base of socio-ecological stratification. A multi-level binomial logistic
regression model has been used to systematically assess the contribution of provisioning ecosystem
services to income across the diverse socio-ecological systems (SES). Equal number of representative
households (HHs), meeting the research criteria were selected from each SES following multi-stage
random sampling. Primary data was collected through three rounds of cross sectional HH survey, four
months apart covering February 2014 to 2015 timeframe. Drinking water samples, food consumption
information and blood pressure was collected from more than 1,500 households (1,586, 1,516 and
1,531 households in first, second and third survey round respectively). For each round, data was
collected from the same respondents in the same households. The questionnaire instrument was
designed to generate precise quantitative and spatially explicit data on the nature of the relationship
between ecosystem services and human well-being. Data were collected at household level, with
certain subjective questions and health assessment through anthropometry and blood pressure
measurements at individual level. A panel dataset was created from three cross-sectional surveys; bi-
variate analysis was performed to understand household characteristics and socio-demographic status
within the seven SES.

Water samples were collected manually based on standard protocols and field practices (G.K.Khadse,
2010, Sundaram et al., 2009). Samples were collected from all types of drinking water sources except
bottled water and rainwater since they were assumed as saline free. Water samples were tested with
HACH senslON5 Electric Conductivity meter and Platinum conductivity cell (model 5060, HACH,
Loveland) that reported salinity measures in terms of Electrical Conductivity (EC) in uS/cm, Salinity
(SAL) and Total Dissolved Solids (TDS) in mg/l. For analysis purpose, only the result of tubewell
water was used as this is the major source of drinking water in the SESs (see results section),
establishing a cutoff point of 150 meter (~500 feet) to differentiate between shallow and deep
tubewell (BBS, 2011). Blood pressure was measured with OMRON digital automatic blood pressure
monitor (model M2 (HEM-7119-E(V), OMRON Healthcare, Hoofddorp). Basic anthropometric
measurement (height and weight) were collected from one eligible male (18-54 years), female (15-49
years) and oldest under 5 children. Blood pressure was collected from all respondents in 15-59 age
group due to the selection criteria based on kinship. Blood pressure was measured during the
guestionnaire survey, 3 readings were taken within a 10 minute interval based on standard procedure
followed in national surveys (NIPORT et al., 2013, WHO, 2011a).

The average value of the last two readings of systolic and diastolic blood pressure was used to report
respondent’s blood pressure, setting cut-off points ‘Normal’ for Systolic blood pressure (SBP) under
120 mmHg and the diastolic blood pressure (DBP) under 80 mmHg as followed in national surveys
(AHA, 2016, Dennison-Himmelfarb et al., 2013, DGHS, 2013, NIPORT et al., 2013). SBP within the
range of 120-139 mmHg or DBP from 80 to 89 mmHg was considered as prehypertension.
Hypertension was measured when SBP was greater than or equal to 140 mmHg or DBP was greater
than or equal to 90 mmHg. Among participants, those who were taking medication were considered as
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hypertensive. A Generalized Estimating Equation (GEE) and Population Average (PA) model was
fitted in the logistic regression to quantify the association between health statuses with SESs. Inter
dependency within group was minimized for clustering on individuals by adjusting robust standard
error. Age, sex, religion, educational status, depth of the tube-well, occupation as a proxy of physical
activity, dietary intake, landownership, SES and drinking water salinity level were controlled during
regression analysis. STATA 13.0 (StataCorp LLC, College Station) was used for analysis.

Sodium was calculated at the individual level from table salt and drinking water sources. Sodium
from food was calculated at household level and then attributed to individual consumption at the SES
level. The amount of water a person drinks per day was collected through questionnaire survey and
salinity was measured testing sample from that specific source. Amount of raw salt (table salt- NaCl)
consumed by respondent during the meal was also collected through questionnaire survey. A standard
food table with 45 food items was created to measure per capita sodium intake from food at HH level
and then attributed to individual consumtion. Details of sodium intake from dinking water, food and
raw table salt is given in Annex 1.

The future potential groundwater salinity levels of the first, unconfined aquifer were predicted with
the Delta Dynamic Integrated Emulator Model (ADIEM) (Nicholls et al., 2016). The groundwater
hydrology and water quality of this aquifer in coastal zone were modelled by the coupled
MODFLOW-SEAWAT models (Harbaugh, 2005, Langevin et al., 2008). The model was set-up for
the southwest and south central hydrologic zones, with appropriate boundary conditions and
representation of a wide network of coastal rivers. Simulations were conducted in a number of steps,
including generation of initial salinity distribution as a result of lateral seawater intrusion, followed by
baseline simulation for 1971-2010 time period. Validation of the baseline model simulation was done
with measured shallow aquifer salinity (by Bangladesh Water Development Board, BWDB and
Bangladesh Agricultural Development Corporation, BADC). The model was then used to simulate
different scenarios, to investigate the impact of changed freshwater flow and river salinity together
with sea level rise on shallow aquifer salinity. ADIEM emulates the results of the model application
with a root mean square (RMS) error of 72 mg/l (0.072ppt) (Payo et al., 2017). Deep aquifers were
not modelled due to the unavailability of baseline line data, rather present day observations were
collated and presented in this manuscript. All the maps have been prepared with ArcGIS ver. 10
(ESRI, Redlands).

The research protocol was reviewed and approved by the Research Review Committee (RRC) and the
Ethical Review Committee (ERC) at the International Centre for Diarrhoeal Disease Research,
Bangladesh (icddr,b). The icddr,b ERC is registered under Institutional Review Board with Federal
Wide Assurance (#FWA0001468) and Human Welfare Assurance (#IRB00001822) since November
2001 (Adams et al., 2016).

Results

Coastal communities drink water from a number of different sources; however, these can be brought
under 4 major categories: ground water sources (shallow/ deep tubewell, borehole, piped water system
and dug wells), surface sources (river/dam/lake/pond/stream/canal/irrigation channel, etc.), rainwater
and others like, bottled water. It was found that, the majority (about 80%) of coastal communities are
dependent on ground water sources with only about 11% on surface water and 7% on rainwater.
Ground water was the main source of drinking water in 5 SESs except Sundarban dependent and
Saltwater Shrimp SES (Figure 2). The shifting of sources was also visible in these two SES, depicting
the poor water quality and salinization problem in the areas. In the Sundarban SES, surface water
sources were primarily used for drinking purpose with shifting to rainwater in round 2 which
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intersects with the monsoon season in the country. The same type of shifting was visible in saltwater
shrimp SES. Only a very few respondents took water from bottled water in Sundarban SES.

m Others m Surface Water m Rainwater ® Tube-well or Borehole

100 -

80 -

60 -

40 -

Percentgae (%)

20 A

Sundarban Riverine Rain Fed Saltwater Shrimp|  Freshwater  [Marine & Coastal Irrigated
Dependent Agriculture [Bagda] Prawn Periphery Agriculture
[Aman] [Boro]

Socio-Ecological Systems (SESs)

Figure 2. Percent utilization of water sources by Socio-Ecological System.
Major drinking water sources in the ESPA delta study area, that covers central to south west coastal
regions of Bangladesh; with reference to three survey rounds- R1, R2 and R3 representing round 1, 2
and 3. The major drinking water source in this area was groundwater - more precisely shallow and
deep tubewells. There are very few piped water systems. The seasonal shifting only occurs in
Sundarban, Saltwater shrimp and Marine SES with higher dependency on surface water sources and
rainwater. The seasonal shifting is only prominent in round 2 that is the monsoon season in the
country. It is hypothesized that this shifting occurs because rainwater is of better quality than the other
COMMON Sources.

It is well established that salt or sodium consumption accelerates the rate of hypertension, thus
consumption should be limited to <2 g Sodium a day (WHO, 2012). In the study area, it was found
that people are habituated with higher sodium intake practice than WHO recommendation. Daily per
capita mean sodium consumption from food sources was almost the same (around 0.3 gram) in all the
SES and was lower compared to other sources. The highest proportion of sodium comes from direct
intake of salt (table salt) ranging from 5.1 gram to 6.1 grams within the SES (see, Annex 1: Sodium
calculation) that greatly exceeds the WHO recommendation. Average drinking water salinity was
found as 915 mg/l for tubewell water (considering all sources mean salinity was 854 mg/l) with
lowest concetrations in Riverine and highest in Sundarban dependent SES. Figure 3 shows that higher
concentrations of drinking water salinity indicates higher consumption of sodium from drinking
water. The lowest mean drinking water salinity was found in Riverine SES (eventually lowest daily
per capita sodium consumption, around 0.4 grams) and the highest was in Sundarban dependent SES
(likewise the highest daily per capita sodium consumption, near 1.2 g). The higher intake of sodium
might influence the high blood pressure among the study participants (Figure 3).
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Figure 3.Sodium consumption from different sources (bars) and mean

drinking water salinity concentration (line).

Average salinity in tubewell water was 915 mg/l with lowest salinity in Riverine and highest in
Sundarban dependent SES. Sodium intake was measured from all types of sources: food, water and
table salt. Mean Salinity level was high in almost every SES except Riverine SES. People’s daily per
capita sodium intake was found to be quite high compared to WHO recommendation.

For analysis purpose and to see the association more closely between water salinity level and blood
pressure, the drinking water salinity was further divided into 3 salinity concentration categories and
respondents (only eligible male and female, no children; 15-59 years) were separated into 2 age
categories, namely, ‘below 35 (15-34 years, N = 2,895; 46.6%)’ and ‘35 and above (35-59 years, N =
3,319; 53.4%) to assess the hypertension prevalence in different age group and also to compare with
previous national studies. Safe water limit (Fresh water < 1,000 mg/l) has been made following the
Bangladesh guideline of safe drinking water (Ahmed and Rahman, 2000), the other two categories
under unsafe water- slightly saline (1,000-2,000 mg/l) and moderate saline (> 2,000 mg/l) was made
based on authors expertise and judgment as no specific standards are currently available. A high
saline category (> 3,000 mg/l) was initially created but due to very limited number of samples with
such concetrations, was combined with the moderate category.

This study reveals a linkage between drinking water salinity concentration and blood pressure (Figure
4). It was found that, the higher the salinity concentration in drinking water, the higher the prevalence
of the high blood pressure (HBP) among the respondents in prehypertension and hypertension stages.
This was clearly visible for both age groups. Among the respondents below 35 years age, having
exposure to drinking water salinity concentration less than 1000 mg/l, the percentage of HBP status
(prehypertension and hypertension) was 34.3% whereas it was 42.6% for salinity level of 2000 mg/I
or more. Among this age limit and in the high saline exposed group, hypertension was roughly 6%
higher compared to the national rural communities. This scenario was much worse for the older
population (35 years and above). In this group those who were exposed to less than 1000 mg/I
concentration salinity, have 47.8% HBP related disorder which was close to 2011 BDHS rural
statistics (50.1%) (NIPORT et al., 2013). Specifically hypertension was around 12% higher among the
study population with respect to national rural statistics. It was found that, for above 35 years age
study participants, prevalence of hypertension increased with elevated salinity level in drinking water
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that were 29.4% (overall HBP 53.8%) and 34.0% (overall HBP 62.5%) respectively for slightly saline
(1000-2000 mg/l) moderate saline (=2000 mg/1) water.
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Figure 4. Association of drinking water salinity and age group with adult

high blood pressure (prehypertension and hypertension).

High blood pressure (both prehypertension and hypertension) is prevalent in the higher age group. In
both categories it was higher than national rural statistics from BDHS 2011 survey (NIPORT et al,
2013). Especially for moderate saline exposure hypertension was 44% higher among the 35 years and
above age group than national figure. Prehypertension and hypertension also found to be associated

with drinking water salinity levels.
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Figure 5. Gender specific adult high blood pressure in different SESs for

the 35 years and above age group.

Women were found to be more hypertensive in all SESs compared to men except Charland SES. Both
Women and men from Irrigated agriculture SES are found to be most hypertensive among the
respondents. The prevalence of hypertension is also higher than national rural statistics in most of the

SESs for both men and women aged 35 years and above.
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The study also assessed gender specific vulnerability of adult HBP for which only the ‘35 years and
above age’ group was considered, in order to compare with national statistics. Women of age 35 years
and above were at higher risk of high blood pressure in all SESs compared to men except the
Charlands area (Figure 5). Among older women, the highest percentage of hypertension was 39.6% in
the Irrigated agriculture SES followed by Marine & coastal periphery (38.4%) and Sundarban
dependent (38.2%) SES. The lowest vulnerable women group to HBP was in the Riverine SES
(23.4%). For male respondents, hypertension was also highest in Irrigated agriculture SES (34.9%)
and the lowest was in Freshwater prawn SES (17.9%). Findings clearly depicted that women were
more prone to adult HBP compared to men and this varied among SESs.

The HBP is found to be affected by drinking water salinity level and it exhibited seasonal variation
over the rounds (Figure 6). A clear association was found between drinking water salinity level and
high blood pressure with seasonal variation and increasing trend towards dry season (round 3).
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(n=308) | mg/L) (n=41) (n=325) | mg/L) (n=49) (n=335) | mg/L) (n=57)
(n=169) (n=199) (n=190)
R1:June/duly, 2014 (p<0.10) R2: Oct./Nov. 2014 (p<0.01) R3: March 2015 (p<0.05)
Drinking water salinity in three rounds

Figure 6. Association of HBP with drinking water salinity and study

rounds (seasons) in the 35 years and above age group.

Seasonal variation of HBP is visible in the three rounds. Though the socio-economic information were
collected for a four months recall period in HH survey, however blood pressure and drinking water
salinity were measured in a point time. The data collection periods were for Round 1: June/ July,
2014, Round 2: October/ November, 2014 and Round 3: March, 2015. Gradual increase in HBP is
visible which coincide with Bangla seasons representing pre-monsoon to dry season in one year
timeframe. Highest level of prehypertension and hypertension were found in dry season with
moderate saline drinking water category.

The mean salinity level in drinking water from tubewell showed slight fluctuation among the rounds;
in round 1, mean salinity was 890 mg/l, which increased to 934 mg/l in round 2 and slightly decreased
to 921 mg/l in round 3. However, HBP shows increasing trends over the rounds. In round 1, the
overall HBP increased from 46.6% for fresh water (< 1000 mg/l) to 58.6% for moderate saline (>
2000 mg/l) water exposure. In round 2, there was increase in HBP from 48.0% to 59.8% with increase
in drinking water salinity. Finally, in round 3, the HBP was 49.0% for low salinity exposure and
68.6% for highest salinity exposure. It was noticed that, for people who drank fresh water, the HBP
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was close to national statistics of 50.1% but for moderate saline exposure it was significantly higher
(58.6%, 59.8% and 68.6% respectively in round 1, round 2 and round 3) comparing to national
statistics. Though in the first round, prevalence of hypertension was almost the same between fresh
and moderate saline exposure group, however, in second and third round the prevalence was roughly
53% and 36% higher respectively, findings suggest that, salinity might have a delayed impact on
HBP.

Further logistic regression (population average model) was carried out, controlling for age, sex,
education, religion, occupation, landownership, household dietary diversity, socio-ecological systems,
drinking water salinity concentration and depth of the tube-well to signify the outcome variable (see
Table 1, model design and description). It was found that, women had a 31% higher chance of being
hypertensive than men and it was statistically significant (p<0.001). 35 and above age respondents
were about 2.4 times more likely to be hypertensive compared to below 35 years of age group. At a
5% level of significance, Non-Muslims had 22% lower chance of being hypertensive than Muslims,
which we hypothesize is due to differences food intake. The few publications on this topic that are
available also suggest the same phenomenon - non-hinudus were found to be more hypertensive in
India (Kishore et al., 2016, Jindal et al., 2016) and muslim women were found more hypertensive in
Indonesia than others (Jansen, 2017); however, further epidomological evidence is necessary to
identify religion as a potential risk factor for hypertension.

Association between hypertension and food diversity varied slightly but not significantly. With
respect to Sundarban Dependent SES peoples from Irrigated Agriculture (53%, p<0.05) and Marine
and Coastal Periphery (16%) were more likely to be hypertensive. Interestingly in spite of higher
salinity concentration and per capita sodium intake, hypertension prevalence was found to be 39%
lower in Freshwater Prawn SES (p<0.05), which requires further investigation to be fully understood.
In comparison with participants with no formal education (never passed any class), hypertension was
around 26% lower among secondary attended participants but gradually increases with higher
educational attainment. Respondents who have completed secondary and higher education were at 7%
higher risk of hypertension than the no education group but this was not statistically significant.
Respondents with exposure to slightly saline (1000-2000 mg/l) and moderate saline (>2000 mg/1)
concentration drinking water have respectively 17% (p<0.1) and 42% (p<0.05) higher chance of being
hypertensive than those exposed to fresh water (<1000 mg/l).

Discussion

Hypertension is one of the major risk factors for cardiovascular diseases (CVD). Studies done by
Khan and Talukder showed that increased salinity in drinking water has an association with
hypertension among coastal population (Khan et al., 2011, Khan et al., 2014, Talukder et al., 2016).
However, Khan in her studies worked with pregnant women (both proxy and direct water salinity
measurement and blood pressure measurement with sphygmomanometer) and Talukder with young
adults (both male and female, multiple respondent from the same household, direct salinity
measurement and blood pressure measurement with digital BP monitor); both of the studies used
urinary sodium excretion as a proxy to calculate salt consumption. However, these studies worked
with small target populations and from urine sodium measurement to back-calculate the sodium
intake. Contrary to that study, the ESPA Delta survey took a much larger population sample; salt
intake was measured from different sources for attribution and linked to blood pressure to direct
drinking water consumption. This study also found that the highest percentage of hypertension among
women aged 35 years and above, more precisely in 30 to 39 range, which is quite similar to the result
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of Bangladesh Demographic and Health Survey 2011 (NIPORT et al., 2013). A statistically
significant association was found between drinking water salinity and hypertension that showed
seasonal variation and increasing trend in dry season and prevalent in women and above 35 years age
group. A slight fluctuation in tubewell drinking water salinity was found in the 3 rounds and
associated increase in hypertension with moderate saline drinking water group. Women and those
above 35 years of age among the coastal population were more prone to prehypertension and
hypertension compared to men and those below 35 years of age. Higher prevalence of hypertension
was found among respondents by 21%, 60% and 48% respectively in 1%, 2" and 3 round, in
comparison to national statistics (23.6%), who consume moderate saline water which is two times
more saline comparing to Bangladesh safe water guideline value.

Informal discussion with respondents reveiled that, consuming saline water might have already made
some impact on their taste bud and taste threshold. People consider quite high level of saline water as
sweet/ fresh- which people from outside can’t consume. The coastal community was found to be
associated with high raw salt intake practice, which might have some impact for raising the
bloodpressure anomaly, however, further investigation is required to fully understand the situation.

Educational status and landownership (a proxy indicator of wealth status) has a positive association
with risk of hypertension as findings show in the study which might be related to types of livelihood
and physical activity. In Bangladesh, similar findings were found by Chowdhury et al.(2016) and also
for other low and middle income countries (Basu and Millett, 2013, Chow et al., 2013). To quantify
the outcome variable controlling some other explanatory variables, population average model was
used adjusting robust standard error to minimize the inter dependency of individuals. In this model the
controlled variables were age, sex, education, religion, occupation, landownership, household dietary
diversity, socio-ecological systems, and concentration of drinking water salinity and depth of the
tubewell. The outcome variable was hypertension status of the study participants. From the logistic
regression analysis it was evident that, the higher the level of salinity concentration in drinking water,
higher the risk of hypertension and 35 years and above age group was more prone to become
hypertensive. National status of blood pressure anomaly was only collected in the BDHS 2011 survey
which only considered the 35 years and above age group due to their increased vulnerability
(NIPORT et al., 2013). This study also found higher HBP anomaly among the old age group,
however, the higher prevalence in coastal area comparing to national statistics, and also the HBP
status of below 35 years age group close to national statistics is a serious public health concern.

The study considered water intake at individual level. The mean volume of water consumption didn’t
vary much; it ranged from 2.18 to 2.67 litre per person per day within the SES. Regression analysis
suggested only 2% higher chance of hypertension among those who consume more than 2 litre water
per day compared to those who took less than or equal to 2 litre water per day.

The blood pressure status of respondents was analyzed as per their drinking water sources. The blood
pressure status among the ‘35 years and above’ respondents, who drank from shallow tubewell was
normal 55.9%, prehypertension 23.2% and hypertension 20.9%, whereas the same for deep tubewell
was normal 56.6%, prehypertension 21.8% and hypertension 21.6%. Though the difference was quite
low regarding elevated blood pressure (both prehypertension and hypertension) between shallow and
deep tubewell users, the increased level of salinity in deep aquifer is of great concern from public
health perspective and water resources management. Considering all respondents, about 56.6% was
found with normal blood pressure and 21.9% as prehypertensive and 21.5% as hypertensive.



389
390
391
392
393
394
395
396
397
398
399

400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419

420
421
422
423
424
425
426
427
428
429
430
431
432

Bangladesh has already prepared guidelines for managing hypertension health risks (DGHS, 2013)
and it also acknowledges the bad practice of increased salt consumption from cooking and table salt;
however, the policy document is primarily centered on medical intervention. This study found that
drinking water salinity level is associated with increased hypertension. Though the document reports
higher hypertension among urban areas (19.9%) when compared to rural areas (15.9%), this latest
study exhibits greatly increased hypertension prevalence among the coastal population. Thus more
importance should be given to the drinking water salinity issue to manage future hypertension risks.
Interestingly, the global risk of hypertension was reported to be higher for men compared to women
and in urban areas (Ibrahim and Damasceno, 2012, WHO, 2013), but this study reports coastal areas
to be more vulnerable and women were found to be more prone to hypertension and the hypertension
risk is highest among the people aged 35 years and above.

Present day observations on the drinking water salinity in the survey indicate high risk for most of the
coastal areas (shallow tubewell - mean: 837 mg/l, range: 216-3153 mg/l; deep tubewell — mean: 923
mg/l, range: 170-6580 mg/l). The deep aquifer system in coastal Bangladesh, that is the most
important for drinking water purposes, has a salinity of below 2000 mg/l in most of the study area.
Only the Barguna district showed differential gradient with its close proximity to the sea; ranging
from 3000-6000 mg/l. These tubewell water samples were tested with field instrument kit rather than
lab testing and the magnitude and spatial distribution is still valuable even though the accuracy of the
measurements are thought to be lower. The projection of this aquifer into the future is not possible
without baseline data. Model results of the shallow aquifer, however, indicate a moderate increase in
soil salinity by 2050 (21-44%) for the south-west coastal zone of Bangladesh (Payo et al., 2017).
Although this shallow aquifer is dominantly used for irrigation and only occasionally for drinking
purposes, it can be used as a proxy for future salinity changes in the deeper aquifers. The results imply
that the issue of drinking water salinity and hypertension will slowly intensify in the future. Saline
water intrusion is expected in both the shallow and deep aquifers due to both anthropogenic activities
and CCSLR impacts. This study found that, >2000 mg/l concentration significantly increases the
likelihood of hypertension for the older generations and particularly for women. As the coastal
population is aging due to the migration of the younger people and of low fertility (Szabo et al.,
2015), and the groundwater slowly becomes more saline, the vulnerability of the people will likely be
exacerbated in the future. This will put additional pressure on the Bangladeshi health system and will
likely affect the wellbeing of the coastal population.

Conclusion

People in coastal Bangladesh depend on ground water for major drinking water source- a critical
ecosystem service in the area. The salinity level in drinking water was found to be of higher
concentration in the study area and substantially contributes to overall sodium intake among coastal
communities. This study found a significant association between drinking water salinity concentration
and adult hypertension. Study findings show that hypertension is more prevalent in female, at higher
age group and among those who drink higher concentration saline water. With predicted increase of
salinity in coastal Bangladesh, it is imperative to promote alternative drinking water sources with
mass level awareness creation and community sensitization against the bad practice of high table salt
consumption. During the study, only a very few respondents were found dependent on surface and
rain water, also, in SES the number of different sources were often non-comparable; hence further
study with larger population and surface and ground water based drinking sources is required to fully
understand the present situation and future adaptation options.
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The coastal people of Bangladesh are at the forefront of climate change. This study shows critical
findings in relation to health and climate change that is likely to worsen in predicted future scenarios.
Thus for future water resources management and public health provisioning, well planned adaptation
and mitigation projects need to be implemented managing critical ecosystem services in line with
country’s development trajectory.
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Annex 1
Sodium calculation from different sources

Drinking water: Individual status of drinking water was calculated first. The amount of water a person
drink per day was collected through questionnaire survey. The salinity concentration value was
collected from testing the specific drinking water source. Then, we estimated the amount of salt a
person took per day in that area. Finally we converted this estimated amount of salt into sodium using
standard procedures. For instances, 1000 mg Salt = 400 mg Sodium or 1 mg Salt = 0.4 mg Sodium.

[WHO recommended value was considered for calculation, 5 gram Salt equivalent to 2 grams
Sodium. It means that 1 gram Salt = 0.4 gram Sodium.]

Direct salt (table salt): Through questionnaire survey, respondents were asked, how much salt they
consumed during meals. The focus was on raw salt (table salt- NaCl). From the salt measurement,
sodium was calculated.

Food Intake: A standard food table was created with 45 food items that the respondents usually took
on a weekly basis. The amount of food was recorded in grams and numbers where applicable (e.g,
number of egg or banana). From this amount, Sodium was calculated for each food item by
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multiplying the concentration amount of sodium of that amount of food. For example, Sodium from
Rice = (Amount of Rice in gram) X Concentration of Sodium in Rice (0.1097 mg/g) (Islam et al.,
2010). For this calculation, household size was also taken into account to estimate per capita intake
per SES.

Sodium was calculated at the individual level from table salt and drinking water sources. Sodium
from food was calculated at hte household level and then attributed to individual consumption in SES
level.

Table 1. Logistic regression analysis outputs using Generalized Estimating
Equation (GEE) - population average model adjusting standard error.

Explanatory variables Adult Hypertension
Adjusted OR Cl
Socio-Ecological Systems
Sundarban Dependent Ref
Charland-Riverine 0.77 (0.50-1.19)
Marine & Coastal Periphery 1.16 (0.76-1.77)
Irrigated Agriculture [Boro] 1.53* (1.03-2.29)
Rain Fed Agriculture [Aman] 1.00 (0.67-1.51)
Saltwater Shrimp [Bagda] 0.667 (0.43-1.03)
Freshwater Prawn [Golda] 0.61* (0.41-0.92)
Sex
Male Ref
Female 1.31%** (1.11-1.56)
Age Group
Below 35 years Ref
35 yrs and Older 2.41%** (2.01-2.88)
Educational Level
No Education Ref
Primary Incomplete 0.86 (0.69-1.08)
Primary Complete 0.90 (0.69-1.18)
Secondary Incomplete 0.74* (0.57-0.96)
Secondary Complete & Higher 1.07 (0.77-1.48)
Occupation
Agriculture Ref
Aquaculture 1.24% (0.98-1.59)
Inland/Offshore Fishing 1.27* (1.01-1.60)
Forest Collection/Livestock/Poultry/ 1.22 (0.95-1.57)
Unskilled Labour 1.01 (0.82-1.23)
Businessman 1.06 (0.84-1.36)
Professional/Skilled Worker-Mechanic 1.80** (1.25-2.60)
Others 1.35* (1.04-1.75)
Religion
Muslim Ref
Non-Muslim 0.78* (0.63-0.97)
Landownership
Landless (<=0.01 Acres) Ref
Homestead (<0.5 Acres) 1.21 (0.94-1.54)
Small Land (>=0.5 to <=2.5 Acres) 1.37* (1.04-1.81)
Large land (>2.5 Acres) 1.61* (1.13-2.31)
Household Dietary Diversity Score
Ate 1-3 food groups Ref
Ate 4-6 food groups 0.74% (0.53-1.03)
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Ate 7-12 food groups 0.72% (0.52-184}
Drinking water salinity level
Fresh Water (<1000 mg/L) Ref
Slightly Saline (1000-2000 mg/L) 1.17¢ (0.97-1.42)
Moderate Saline (>=2000 mg/L) 1.42* (1.05-1.91)
Depth of tube-well
Shallow tube-well (<=500 ft) Ref
Deep tube-well (> 500 ft) 0.74* (0.56-0.98)

+p<0.1, * P<0.05, ** p<0.01, *** p<0.001; Cl: 95% Confidence Intervals of Odd Ratios (OR),
N = 6172. (Reference category)

In logistic regression analysis we consider the variables that were significant in bi-variate analysis.
Socio-Ecological Systems, Sex, Age Group, Educational Level, Occupation, Landownership and
Drinking water salinity level were significant in bi-variate analysis so these were considered in the
Generalized Estimating Equation (GEE model). In contrast, Sources of getting foods, Sodium
consumption and Seasons of the study were insignificant in bi-variate analysis, so these were not
included in the final regression analysis. Moreover, wealth quintiles, ecosystems service dependency
and household size were also excluded from the regression analysis though they were significant in
bi-variate analysis. This is because, there are some confounding effects, like between landownership
and wealth quintiles. In addition, the model shows that landownership is more significant than that of
wealth quintiles. Likewise, between ecosystems service dependency and socio-ecological systems,
there were also confounding factors. In aggregate level, household dietary diversity, depth of tubewell
and religion become significant in regression analysis but they were insignificant in bi-variate
analysis. Household size was the reverse in this case.
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Figure 3. Sodium consumption from different sources (bars) and mean drinking water salinity
concentration (line).

Figure 4. Association of drinking water salinity and age group with adult high blood pressure
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Figure 5. Gender specific adult high blood pressure in different SESs for above 35 years age group.

Figure 6. Association of HBP with drinking water salinity and round of the study (seasons).
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