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Drinking water contributes to high salt consumption in

young adults in coastal Bangladesh

Mohammad Radwanur Rahman Talukder, Shannon Rutherford,

Dung Phung, Abdul Malek, Sheela Khan and Cordia Chu
ABSTRACT
Increasing salinity of freshwater from environmental and anthropogenic influences is threatening the

health of 35 million inhabitants in coastal Bangladesh. Yet little is known about the characteristics of

their exposure to salt (sodium), a major risk factor for hypertension and related chronic diseases. This

research examined sodium consumption levels and associated factors in young adults. We assessed

spot urine samples for 282 participants (19–25 years) during May–June 2014 in a rural sub-district in

southwestern coastal Bangladesh and measured sodium levels of their potable water sources. The

significant factors associated with high sodium consumption were determined from logistic

regression analyses. Mean sodium content in tube-well water (885 mg/L) was significantly higher

than pond water (738 mg/L) (P¼ 0.01). Fifty three percent of subjects were consuming sodium at

levels above the WHO recommended level (�2 g/day). The users of tube-well water were more likely

to consume sodium above this recommended level than pond water users. Salinity problems are

projected to increase with climate change, and with large populations potentially at risk, appropriate

public health and behavior-change interventions are an urgent priority for this vulnerable coastal

region along with targeted research to better understand sodium exposure pathways and health

benefits of alternative water supplies.
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INTRODUCTION
Saltwater intrusion into surface and ground water,

especially in low-lying coastal countries, is one of the

major impacts of climate-induced sea level rise (Nicholls

& Cazenave ; Mimura ). Apart from anthropogenic

factors, climatic factors such as rising temperature and evap-

oration, and changing precipitation also contribute to

saltwater intrusion (Werner et al. ; Wong et al. ).

Moreover there is general agreement that climatic drivers

including sea level rise will continue to aggravate this salini-

zation process (Cañedo-Argüelles et al. ; Wong et al.

). In coastal Bangladesh the saline front has reached

more than 100 km inland (Khan et al. a) and is advan-

cing further inland (BADC ). Of the limited evidence

available on health effects of water salinity, research with
pregnant mothers consuming saline water demonstrated

an abnormally high level of salt consumption, well in

excess of the recommended intake (>85 mmol∼>2 g/day)

(Khan et al. b). However Bangladesh data on salt

(sodium) consumption in other population and age groups

from such salinity affected areas are lacking. This research

examined the sodium (salt) exposure level amongst a

young adult population in climate change vulnerable coastal

communities of Bangladesh.

The majority of coastal areas of Bangladesh are part of

the low and flat Ganges delta, between 3 and 5 meters

above the sea level (Nishat & Mukherjee a), with exten-

sive river systems networking into the Bay of Bengal making

the region vulnerable to water and soil salinization. This
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change in water and soil quality, apart from climate factors,

is also contributed by man-made factors such as overexploi-

tation of ground water and horizontal expansion of shrimp

farming, and to a large extent, decreasing flow due to the

presence of the upstream Farakka dam in India (Nishat

et al. b). Between 1973 and 2009 salt affected land

areas increased by almost 27% from 833,000.45 to

1,056,000.26 hectares (SRDI ). This salinization of

water can have serious health implications.

Among the dietary risk factors, high dietary sodium con-

sumption is the second largest contributor to disease burden

worldwide, accounting for 4 million deaths (Lim et al. ).

Excess salt (sodium) consumption is associated with a rise

in blood pressure (Meneton et al. ; He & MacGregor

; WHO ), which is a major risk factor for cardiovas-

cular and renal diseases (WHO ; Koliaki &

Katsilambros ). High blood pressure or hypertension is

responsible for approximately 45% of deaths due to heart

disease, 51% of deaths due to stroke (WHO ) and 29%

of deaths due to chronic kidney disease (Naghavi et al.

). Moreover high intake of salt has deleterious effects

on other systems in the body, for example, stomach (e.g.

cancer) and bones (e.g. osteoporosis) (He & MacGregor

).

The World Health Organization (WHO) recommends

daily sodium intake of< 2 g (<85 mmol) (∼5 g/day salt) in

adults (16 years and above) to curb the population-wide

burden of hypertension and associated risk of cardiovascu-

lar disease, stroke and coronary heart disease (WHO ),

and to prevent the additional health risks mentioned

above (He et al. ). This recommended level was based

on a systematic review of experimental (randomized con-

trolled trials) and observational studies (cohort studies),

that mostly related to food salt intakes in populations in

developed regions like Australia, New Zealand, North

America and Europe. These studies were separated for

adults (16 years and above) and children and assessed

against three levels of sodium consumption<2 g/day, 1.2–

2 g/day and<1.2 g/day irrespective of body weight of

study participants (WHO ). A reduction of sodium

intake at this level (∼2 g/day) is estimated to reduce strokes

by 17% and coronary heart diseases by 12% (He ). How-

ever a recent global estimate indicated that the mean sodium

intake (3.54 g, 95% uncertainty levels 2.98–4.21) (Powles
om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
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et al. ) was still substantially higher than this WHO rec-

ommended level suggesting that dietary salt intakes remain

a serious health concern.

In coastal Bangladesh people directly consume water

from natural surface and ground freshwater sources, for

example, rivers, ponds and tube well without any prior treat-

ment. Some research indicates sources are already

contaminated with varying levels of salinity (Khan et al.

b) threatening the wellbeing of more than 35 million

inhabitants. Average sodium levels in surface and ground

drinking water sources (e.g. pond, river, tube well) have

been reported to be 517 mg/L where sodium content was

significantly higher in groundwater (tube-well water

sodium 714 mg/L), which translates to approximately 1–1.5 g

of sodium (salt) intake daily from drinking water alone

assuming a daily intake of 2 L of water (Khan et al. ).

Given that coastal salinity has emerged as a significant

environmental problem for many low-lying countries

(World Bank ) and that many people in these low-

lying developing countries do not have safe alternative

water supplies, it is timely to examine exposures to sodium

in these populations. Of the available studies, research by

Khan et al. (b, ) among pregnant mothers, and

Rasheed et al. () in adults aged 25 years and above,

have both demonstrated a high salt intake by these Bangla-

deshi populations, especially in coastal areas. But limited

information is available about salt exposure in other popu-

lations in similar settings in Bangladesh.

Overconsumption of sodium, particularly if starting

from an early age has the potential to increase significant

risks of developing hypertension, cardiovascular and

kidney diseases later in life. Intervening early in life

should help to reduce the burden of raised blood pressure

and related adverse chronic health effects and ensure this

healthy active population remains productive. However

little is known about sodium (salt) exposure among people

in younger age groups, for example young adults (aged 19–

25), particularly in these coastal areas in Bangladesh

where salt in the drinking water has increased and safe

alternative water supplies are scarce (Khan et al. b).

The objective of this research is to examine the level of,

and factors contributing to, salt consumption in young

adults in coastal Bangladesh in order to inform policy

makers to develop appropriate intervention strategies to
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prevent the potential medium- to longer-term health risks

associated with increased sodium intake.
METHODS

Study design, settings and study population

We conducted a cross-sectional survey among young adults

(aged 19–25 years) during May and June 2014 in Koyra, a

rural sub-district of Khulna district in southwestern coastal

Bangladesh (Figure 1). This sub-district belongs to the

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 (Program Development Office for

Integrated Coastal Zone Management Plan (PDO-ICZMP)
Figure 1 | Map showing the study areas in Koyra sub-district of Khulna district in southweste

://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
). Out of nine 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 ).

Of the seven unions in this sub-district we selected two

(Koyra Sadar and Amadi) based on the diversity of potable

water sources. According to the Bangladesh Bureau of Stat-

istics, Amadi has only 7.7% and Koyra Sadar has 90.6% of

drinking water sourced from tube wells (BBS ). Ponds

are the other major source of drinking water in this area

(BBS ). We used a probability proportionate sampling

technique to randomly select four villages, two villages

from each union in our study. Household members, both

male and female, of 19–25 years of age in the selected four

villages who consented and were available during the data

collection were recruited in the study. In the selected vil-

lages trained research staff conducted household visits,
rn coastal Bangladesh.
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identified and listed 418 eligible participants of 19–25 years

age. Of those eligible, 340 subjects were available for inter-

view and health assessments. We excluded 21 pregnant

women due to their physiological changes (e.g. increased

glomerular filtration, changes in hormonal concentrations)

during pregnancy, which affect sodium handling in body

and kidney (Institute of Medicine, Panel on Dietary Refer-

ence Intakes for Electrolytes & Water ) and four

participants who refused to participate resulting in 315

(92.6%) successful interviews. Urinary sodium content

data were available for 282 subjects (Figure 2). The research

was approved by the ethical committee of Griffith University

and the International Centre for Diarrhoeal Disease

Research, Bangladesh (ICDDR, B) and written informed

consent was obtained from all the participants before data

collection commenced.
Data collection

The trained research staff (The research staff who had a

Bachelors’ level of formal education received 2 days of train-

ing on data collection, standard anthropometric procedures

and blood pressure measurements. Following classroom

training, field experience was provided on human subjects

(not related to the study) to improve their technical skills.

The research investigator was present in the field full time,

and made regular and random household visits to monitor

the quality of the data collected.) visited the households of

eligible participants to obtain information on socio-

demographic conditions, occupation, the sources of
Figure 2 | Recruitment of study participants.

om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
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drinking and cooking water, duration of use in a year and

in their life time, family history of hypertension and diet

including use of additional salt during meals.

Weight and height of each participant was measured fol-

lowing standard anthropometric techniques. Weight was

measured on a digital electric balance (TANITA HD 318

Digital weighing scale, 150 kg± 0.1 kg) and height was

measured using SþM height measure scale-2 m (Aaxis Paci-

fic Healthcare, Australia). Three measurements of blood

pressure, with 10 minute intervals between each measure-

ment, were taken from the right arm of the seated

participant after a 30-minute rest period using OMRON

HEM-7111 automated sphygmomanometer following stan-

dard guidelines (Pickering et al. ). The mean of the

last two measurements was used in the analysis.

Environmental assessment

Water samples (200 mL) from drinking water sources ident-

ified by the participants 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 ppt¼ 1,000 mg/L) for analysis purposes. For each sampled

batch, the conductivity meter (Model: SensIon5, HACH,

USA) was calibrated using sodium chloride standard sol-

utions (HACH, USA. Cat#14400-42 and Cat#27143-49).

Biological assessment

Twenty-four hour urinary excretion of sodium is rec-

ommended for assessing sodium intake (Elliott & Brown

). However, the 24-hour urine collection is limited by a

high participant burden resulting in poor compliance and

incomplete collection (Elliott & Brown ) rendering it

not practical in public health practice or in epidemiological

surveys (Tanaka et al. ). An alternative low burden and

low cost method for measuring sodium intake at the popu-

lation level is to estimate 24-hour excretion based on a spot

sample. Several studies have reported significant positive cor-

relations between spot (casual) and 24-hour urinary sodium

excretion (Kawasaki et al. ; Tanaka et al. ; Brown
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et al. ; Mente et al. ). In our research we measured

spot urine sodium. Urine samples were analysed at the

ICDDR, B. Urinary sodium was measured by Ion Selective

Electrode (ISE)method, using anAutomated Chemistry Ana-

lyzer, Olympus, Model AU640, Beckman Coulter

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 Standard Reference Material

2201 for sodium and chloride. Spot urinary excretion

values for sodium, potassium and chloride were measured

inmillimoles per litre (mmol/L) and creatininewasmeasured

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 for-

mula and considering its application in a wider population

(Cogswell et al. ).
Statistical analyses

We checked normality of the data and calculated mean,

standard deviation, median and ranges for continuous vari-

ables and proportions for categorical variables and for

comparison used Student’s t-test or Pearson’s χ2 test, as

appropriate. Abnormal sodium consumption was defined

for urinary sodium level using the WHO cut-off point

(�2 g sodium/day) and dichotomized into above (2 g or

above) and below (<2 g) the WHO recommended level

(WHO ). A principal component analysis of basic hous-

ing 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 house-

hold. The scores were divided into low, middle and high
Table 1 | Urinary electrolytes, urinary Na/Cr* and 24-hour estimated sodium in young adults

Urinary sodium (UNa)
mmol/L (sd)

Urinary potassium
mmol/L (sd)

Urinary chloride
mmol/L (sd)

Mean± Sd 106.3 (74.6) 31.6 (23.3) 136.2 (89.6)

Median
(IQR^)

92.5 (43.7, 155.5) 27.8 (2.0, 97.7) 122.1 (54.2,
207.8)

Range 10.5, 394.0 2.0, 159.8 12.0, 415.2

*Urinary sodium/creatinine ratio; n¼ 279; ^IQR¼ interquartile range.

://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
tertiles. Body mass index (BMI) was calculated from

measured weight and height for each subject and categor-

ized 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.

To determine the factors associated with high salt

(sodium) consumption a logistic regression model was

used. The independent variables – sex, marital status, edu-

cation, 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 step-

wise 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. All data were analyzed using STATA version 13.
RESULTS

Sodium consumption and characteristics of the study

participants

The mean level of sodium excretion was 106 mmol/L

(±74.62)∼ 2.4 g. Over 50% of the study subjects were calcu-

lated as consuming sodium above the WHO recommended

level (�2 g sodium/day) (Table 1).

Table 2 summarizes the characteristics of the study par-

ticipants and their drinking water sources. About 66% of

the respondents were female and the majority of them were

housewives. Sixty-seven percent of the respondents were

married. More than 70% of the respondents had education

above primary level. One third of the participants belonged
(n¼ 282) in Koyra, Bangladesh, 2014

Urinary creatinine (UCr)
mmol/L (sd) UNa/UCr*

Estimated 24-hour urinary
sodium mmol/d (sd)

8.4 (6.6) 15.7 (9.5) 120.5 (31.0)

6.8 (3.4, 11.4) 13.2 (9.0,
21.2)

115.8 (101.0, 134.8)

0.3, 39.8 1.6, 62.4 42.0, 291.7



Table 2 | Characteristics of the study population in Koyra, a coastal sub-district, Bangladesh, 2014 (n¼ 282)

N % Percent above the WHO recommended level (P-value)

Sex

Female 185 65.6 55.7

Male 97 34.4 47.4

Marital status

Married 189 67.0 59.3 (0.002)

Religion

Islam 254 90.1 52.4

Education (n¼ 278)

Primary or below (0–5 y) 79 28.4 55.7

Secondary incomplete (6–9 y) 113 40.6 54.0

Secondary or higher (>¼ 10 y) 86 30.9 48.8

Occupation

Non labour 72 25.5 40.3

Housewife 102 36.2 61.8

Physical labour 108 38.3 52.8 (0.020)

Wealth index$ (n¼ 239)

Low 83 34.7 53.0

Middle 72 30.1 50.0

High 84 35.1 52.4

Drinking water

Tube well 180 63.8 61.1

Surface/pond water 102 36.1 38.2 (<0.001)

BMI

Underweight <18.5 75 26.6 53.3

Normal weight 18.5–24.9 153 54.3 52.3

Overweight >24.9 54 19.1 53.7

Added salt in meals

Yes 151 53.6 58.9

No 131 46.4 45.8 (0.027)

Blood pressure (mean, sd)

SBP 110.7 (10.4)

DBP 66.5 (9.2)

$ Based on number of households.
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to the highest wealth quintile. Tube well and ponds were the

only major sources of drinking water, of which tube-well

water was used predominantly (63.8%). Tube-well

water had significantly higher water sodium levels (mean

885 mg/L) compared to pond water (738 mg/L) (Figure 3).

Use of additional salt during meals was very common

(53.6%).
om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
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Factors associated with high sodium consumption:

bivariate and multivariate analyses

According to bivariate analyses, sodium consumption was

significantly higher among those married, housewives,

those who added salt to their meals and those were from

the middle wealth quintile. The source of drinking water



Figure 3 | Mean water sodium level (mg/L) in drinking water sources of the study par-

ticipants in Koyra, Bangladesh (n¼ 282). Boxes represent IQR with the line at

the median, P for mean value¼ 0.01.

Table 3 | Factors associated with high sodium intake (^) in young adults in Koyra, Bangla-

desh, 2014

Unadjusted Adjusted
Variables OR 95% CI OR 95% CI

Sex

Male 1.00

Female 1.39 0.85–2.28

Currently not
married

1.00

Married 2.20** 1.33–3.65 2.52** 1.38–4.59

Education

Primary or below 1.00

Secondary
incomplete

1.23 0.70–2.15

Secondary or higher 1.32 0.71–2.43

Occupation

Non labour 1.00

Housewife 2.39** 1.29–4.44

Physical labour 1.66 0.91–3.03

Wealth quintiles

Low 1.00

Middle 1.95* 1.03–3.71 2.24* 1.13–4.44

High 1.30 0.71–2.39

Drinking water sources

Surface/pond water 1.00 1.00 1.38–4.30

Tube well 2.54*** 1.54–4.18 2.43**

Added salt in meals

Yes 1.70* 1.06–2.72

No 1.00

BMI

Underweight <18.5 1.04 0.60–1.81

Normal weight 1.00

299 M. R. R. Talukder et al. | Health effects of salinity in drinking water in Bangladesh Journal of Water and Health | 14.2 | 2016

Downloaded from http
by guest
on 03 March 2022
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.

In the multiple regression analyses, being married, using

tube-well water and being in the middle wealth quintile

remained statistically significant as predictors of 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 3).

18.5–24.9

Overweight >24.9 1.06 0.57–1.97

^Based on WHO (�2 g sodium/day) recommendations.

*P< 0.05.

**P< 0.01.

***P< 0.001.
DISCUSSION

We have observed 53% of the young adults (19–25 years) in

coastal Bangladesh having average urinary sodium content

(106 mmol≈ 2.4 g sodium≈ 6.2 g salt i.e. sodium chloride)

above the recommended level. Using the WHO cut-off point

for sodium intake Rasheed et al. () reported 59% of the

adult population (25 years and above) was exposed to high

levels of sodium in this area. Assessment of sodium intake in

our study was based on spot urine collection rather than
://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
24-hour urine collection. However, our estimated value for

24-hour sodium, which is considered ‘gold standard’ for

daily sodium consumption (Elliott & Brown ), also

showed a similar level of sodium consumption as spot urine.

This high level of sodium consumption is also comparable to

that reported in adults (>25 years) in coastal Bangladesh
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(Rasheed et al. ), in adults (18 years and above) in south-

east Asia, for example in Indonesia and Malaysia (Batcagan-

Abueg et al. ) and in children (2–16 years) in Australia

(Grimes et al. ). But the level of sodium consumption is

lower than reported in pregnant mothers in similar settings

of Bangladesh (Khan et al. b, ), 2010 regional estimates

for adults in southAsia (Powles et al. ) and other southeast

Asian countries such as Singapore and Thailand (Batcagan-

Abueg et al. ). The average level of urinary sodium in preg-

nant women in coastal Bangladesh was 3.4 g/day (Khan et al.

b) and 4.6 g/day (Khan et al. ). However in pregnant

women this higher consumption of sodium to some extent

could be due to their overall increased intake of drinking

water, and altered salt appetite during pregnancy (Brown &

Toma ).

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 ours. 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 ). In

our study average body weights of adult male and female

were 54 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 cur-

rent WHO sodium recommended daily intake.

Sources of water in these communities have been found

to be strongly associated with high salt consumption. This

study has demonstrated a higher level of salinity (sodium)

in tube wells (ground) than pond (surface) water and aver-

age sodium consumption was significantly higher among

the tube well than pond water users. An average sodium

level of 884.6 mg/L in tube-well water, measured in our

study, may be alone contributing to∼ 1.7 g sodium intake

daily (assuming 2 L intake from drinking). Previous studies

in coastal Bangladesh also reported elevated levels of

sodium in tube-well water, which was associated with high
om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
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sodium consumption in the pregnant women (Khan et al.

b, ). While tube-well water is believed to be micro-

biologically safe and widely used all over Bangladesh

including in coastal parts (in our study more than 60%

used it), the contamination of fresh water resources with

saltwater may contribute to a high level of sodium exposure

in populations even from their early life. Moreover the life-

time contribution of saltwater contaminated surface water

(ponds) to elevated/cumulative sodium exposure cannot

be ignored, which can also potentially increase the risk of

blood pressure rise and subsequent health effects. In our

study we have found that almost one-fifth of the young popu-

lation had blood pressure above normal range (Systolic

Blood Pressure>120 mmHg or Diastolic Blood Pressure

>80 mmHg). This implies potential of being hypertensive

in later life and risk of developing other chronic diseases

(such as cardiovascular and kidney diseases). However

detailed analyses are required to better establish the relation-

ship between high salinity water, sodium consumption and

blood pressure in such a young population.

In coastal Bangladesh natural freshwater sources such

as pond, tube well and rivers are used not only for bathing

but also for cooking, bathing and washing in coastal Bangla-

desh (Khan et al. a). 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.

() among the six tribal communities in the Solomon

Islands demonstrated that those who cooked vegetables in

seawater had the highest salt intake. Rowan & Calabrese

() demonstrated consuming a one-cup serving of veg-

etables per day cooked in water with 100 or 250 mg Na/L

would lead to an additional intake of 37 and 96 mg of

sodium, respectively. In our study, we also observed that

the same sources (e.g. tube well) were used for drinking as

well as for cooking. Our 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. Such a

dietary pattern is likely to contribute only 10–12% of total

sodium intake naturally and is in contrast to the food pattern

in many other western countries where processed food is the

major source (75–80%) of dietary sodium (Brown et al. ;

Koliaki & Katsilambros ). As people consume food pre-

pared at home it is also more likely that salt used during
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cooking could further contribute to high salt consumption.

In addition accumulation of sodium in produced crops

due to saline water intrusion into soil and groundwater in

this area could be a potential source of dietary sodium and

demands further investigation (Rasheed et al. ). We

also observed that salt addition in meals was very

common in this study population. Given the direct and con-

tinuous relationship between salt intake and blood pressure

(Koliaki & Katsilambros ) and the difficulties in redu-

cing 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.

We also observed that salt consumption was signifi-

cantly higher among the married study population. The

majority of the married population (80%) was female aged

19–25 years. This is to some extent in contrast to the obser-

vation that men consume more salt than women in other

parts of the world (Powles et al. ) and as explained by

researchers could be attributable to more food intake

by men (Elliott & Brown ). 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 care-

giver for the whole family in such settings and hence

increased involvement with the food preparation, therefore

potentially consuming more salt (Rasheed et al. ).

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. ).

Non-communicable diseases (NCDs) account for 59% of

total deaths in Bangladesh (WHO ). In recent years

deaths related to cardiovascular and cerebrovascular dis-

eases have increased substantially (Karar et al. ). An

increased prevalence of chronic kidney diseases among Ban-

gladeshi population has also been reported (Anand et al.

). Hypertension is not only a disease of its own but also

a risk factor for other major NCDs such as stroke, coronary

heart disease, heart failure and renal impairment (Dean &

Shuaib ; He et al. ). In Bangladesh 18% of the adults

aged 25 years and above have been found to be hypertensive

(WHO ), a figure which is anticipated to grow further in

the years to come with the rising trend (National Institute

of Population Research and Training, Mitra and Associates
://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
& ICF International ). Reduction in sodium (salt)

intake is one of the most cost-effective interventions to

reduce cardiovascular disease burden. A 15% reduction in

mean population salt intake could avert 8.5 million cardio-

vascular deaths (He et al. ).

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.Modeling of climate related

changes in sea levels, temperature/rainfall patterns, and

upstream riverine flows for different climate change scen-

arios according to IPCC’s fourth assessment report along

with projected estimates for land subsidence and river

water abstraction indicate that climate change will cause sig-

nificant changes in river salinity in the southwest coastal area

of Bangladesh during the dry season (October to May) by

2050 (Dasgupta et al. ). 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 (0–1 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 indi-

cate 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 (Das-

gupta et al. ). 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 our current study area (Koyra Sub-district) and adjacent

areas (districts and sub-districts) the river salinity level is pro-

jected to range from 4 to 25 ppt (i.e. 4–25 g/L), with some

areas projected to have salinity levels more than 25 ppt

(World Bank ), a figure which is twice the upper value

of the current range reported (Khan et al. b) and well

above the ∼1 ppt of Bangladesh standard level for salinity

in drinking water (Abedin & Shaw ). These projected

changes paint an alarming picture for sodium related health

risk in coastal areas of Bangladesh in the coming years, war-

ranting investment into the development and promotion of

alternative water options and the execution of effective

water resources management strategies in vulnerable coastal

communities.
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Our study is the first to describe salt (sodium) consump-

tion among young adults in coastal Bangladesh. Though this

may not be representative of national level salt consump-

tion, our finding has strong implications for large

populations in many low-lying low-income coastal countries

who predominantly rely on natural water resources with

limited opportunities for desalination. Water resources in

all the 11 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. ). Con-

sidering the adverse health effects of high salt consumption,

direct influence on blood pressure rise in particular (Mene-

ton et al. ; WHO ; He et al. ), 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 glob-

ally will be significant if efforts are not made to reduce

exposure.

The findings presented here fill some gaps but also indi-

cate that more research is needed to explore and quantify all

potential routes of salt exposure in such settings: consump-

tion 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. 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 decreas-

ing chronic disease burden of reducing salt exposure and

different intervention strategies to support the policy

makers’ decision process.

Strengths and limitations of the study

We assessed water salinity once during the late in the dry

season. Seasonal variation of water salinity has been reported

in another study with higher salinity level during the dry

season (Khan et al. b). The water sodium level in our

study is also comparable with the level reported in a previous

study that found consistently higherwater sodium levels in all

the seasons (Khan et al. ). Furthermore rainfall during the

late dry season (May–June) is likely to affect water salinity
om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
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levels, therefore it is believed that figures reported represent

the conservative case estimate of the sodium level in water.

Our estimate of salt consumption is based on spot urine ana-

lyses due to resource constraint and practical limitation of

non-compliance. To address the variability in sodium

excretion, repeated measures of urine samples are rec-

ommended (Elliott & Brown ). Urine samples were

collected during both morning and afternoon, and were

equally distributed and well representative of diurnal vari-

ation. The sample size was small and the participants were

selected, as those available at the household during the

visit, which could have biased the sample.
CONCLUSION

More than half of the study population in coastal Bangla-

desh 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 is likely to exacerbate salinity levels

i.e. sodium content, in both surface and ground waters of

many low-lying coastal countries in the years to come. Yet,

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. 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 strat-

egies 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.
COMPETING INTERESTS

No conflict of interests declared by the authors.



303 M. R. R. Talukder et al. | Health effects of salinity in drinking water in Bangladesh Journal of Water and Health | 14.2 | 2016

Downloaded from http
by guest
on 03 March 2022
AUTHORS’ CONTRIBUTIONS

MRR, SR and CC contributed to the research design and

data analyses. MRR, SR, DP, AM and SK contributed to

the literature review, manuscript drafting, and interpretation

of results. All authors provided critical intellectual input in

editing and revising the manuscript, and finally approved

the manuscript for submission.
ACKNOWLEDGEMENTS

Mohammad Radwanur Rahman was awarded Griffith

University International Postgraduate Research Scholarship

(GUIPRS) during the period of data analyses and manuscript

writing and received a grant from the School of

Environment, Griffith University, to conduct the research.

We also acknowledge valuable suggestions, and management

and logistical support in regards to research activities from

Dr Khairul Islam of WaterAid, Bangladesh. We thank

Rupantor and Proshika, two national NGOs, for their

generous support during the field works and data collection.
REFERENCES
Abedin, M. D. & Shaw, R.  Safe water adaptability for salinity,
arsenic and drought risks in southwest of Bangladesh. Risk,
Hazards & Crisis in Public Policy 4, 62–82.

ABS  Profiles of Health, Australia, 2011–13. http://www.abs.
gov.au/ausstats/abs@.nsf/Lookup/4338.0main
+features212011–13 (accessed 9 October 2015).

Anand, S., Khanam, M. A., Saquib, J., Saquib, N., Ahmed, T.,
Alam, D. S., Cullen, M. R., Barry, M. & Chertow, G. M. 
High prevalence of chronic kidney disease in a community
survey of urban Bangladeshis: a cross-sectional study. Global
Health 10, 9.

BADC  Identification of Underground Salinity Front of
Bangladesh. BADC, Dhaka, Bangladesh.

Batcagan-Abueg, A. P., Lee, J. J., Chan, P., Rebello, S. A. &
Amarra, M. S.  Salt intakes and salt reduction initiatives
in Southeast Asia: a review. Asian Pacific Journal of Clinical
Nutrition 22, 490–504.

BBS  Population census 2011. http://www.bbs.gov.bd/
PageWebMenuContent.aspx?MenuKey=333 (accessed 11
March 2015).

Brown, J. E. & Toma, R. B.  Taste changes during pregnancy.
American Journal of Clinical Nutrition 43, 414–418.
://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
Brown, I. J., Tzoulaki, I., Candeias, V. & Elliott, P.  Salt
intakes around the world: implications for public health.
International Journal of Epidemiology 38, 791–813.

Brown, I. J., Dyer, A. R., Chan, Q., Cogswell, M. E., Ueshima, H.,
Stamler, J., Elliott, P. on behalf of the INTERSALT Co-
Operative Research Group,  Estimating 24-hour urinary
sodium excretion from casual urinary sodium concentrations
in western populations: the INTERSALT study. American
Journal of Epidemiology 177, 1180–1192.

Cañedo-Argüelles, M., Kefford, B. J., Piscart, C., Prat, N., Schäfer,
R. B. & Schulz, C.-J.  Salinisation of rivers: an urgent
ecological issue. Environmental Pollution 173, 157–167.

Cogswell, M. E., Wang, C.-Y., Chen, T.-C., Pfeiffer, C. M., Elliott,
P., Gillespie, C. D., Carriquiry, A. L., Sempos, C. T., Liu, K. P.
& Cria, G.  Validity of predictive equations for 24-h
urinary sodium excretion in adults aged 18–39 y. The
American Journal of Clinical Nutrition 98 (6), 1502–1513.

Dasgupta, S., Kamal, F. A., Khan, Z. H., Choudhury, S. & Nishat,
A.  River Salinity and Climate Change: Evidence from
Coastal Bangladesh. Policy Research Working Paper; no.
WPS 6817. World Bank Group, Washington, DC. http://
documents.worldbank.org/curated/en/2014/03/19299368/
river-salinity-climate-change-evidence-coastal-bangladesh.

Dean, N. & Shuaib, A.  Hypertension: the most important
preventable risk factor for cerebrovascular disease. The
Lancet Neurology 10, 606–607.

Elliott, P. & Brown, I.  Sodium Intakes Around the World.
World Health Organization, Geneva, pp. 6–15.

Grimes, C. A., Riddell, L. J., Campbell, K. J. & Nowson, C. A. 
Dietary salt intake, sugar-sweetened beverage consumption,
and obesity risk. Pediatrics 131, 14–21.

He, F. J. & MacGregor, G. A.  How far should salt intake be
reduced? Hypertension 42 (6), 1093–1099.

He, F. J. & MacGregor, G. A.  A comprehensive review on
salt and health and current experience of worldwide salt
reduction programmes. Journal of Human Hypertension 23,
363–384.

He, F. J., Burnier, M. & Macgregor, G. A.  Nutrition in
cardiovascular disease: salt in hypertension and heart failure.
European Heart Journal 32 (24), 3073–3080.

He, F. J., Li, J. & MacGregor, G. A.  Effect of longer term
modest salt reduction on blood pressure: Cochrane
systematic review and meta-analysis of randomised trials.
BMJ 346.

Institute of Medicine, Panel on Dietary Reference Intakes for
Electrolytes, Water  DRI, Dietary Reference Intakes for
Water, Potassium, Sodium, Chloride, and Sulfate. National
Academy Press. 500 Fifth Street, N.W. Washington, DC
20001.

Karar, Z. A., Alam, N. & Streatfield, K. P.  Epidemiological
transition in rural Bangladesh, 1986–2006. Global Health
Action 2. Doi:http://dx.doi.org/10.3402/gha.v2i0.1904.

Kawasaki, T., Itoh, K., Uezono, K. & Sasaki, H.  A simple
method for estimating 24h urinary sodium and potassium
excretion from second morning voiding urine specimen in

http://dx.doi.org/10.1002/rhc3.12033
http://dx.doi.org/10.1002/rhc3.12033
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features212011&ndash;13
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features212011&ndash;13
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features212011&ndash;13
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features212011&ndash;13
http://dx.doi.org/10.1186/1744-8603-10-9
http://dx.doi.org/10.1186/1744-8603-10-9
http://dx.doi.org/10.6133/apjcn.2013.22.4.04
http://dx.doi.org/10.6133/apjcn.2013.22.4.04
http://www.bbs.gov.bd/PageWebMenuContent.aspx?MenuKey=333
http://www.bbs.gov.bd/PageWebMenuContent.aspx?MenuKey=333
http://www.bbs.gov.bd/PageWebMenuContent.aspx?MenuKey=333
http://dx.doi.org/10.1093/ije/dyp139
http://dx.doi.org/10.1093/ije/dyp139
http://dx.doi.org/10.1093/aje/kwt066
http://dx.doi.org/10.1093/aje/kwt066
http://dx.doi.org/10.1093/aje/kwt066
http://dx.doi.org/10.1016/j.envpol.2012.10.011
http://dx.doi.org/10.1016/j.envpol.2012.10.011
http://documents.worldbank.org/curated/en/2014/03/19299368/river-salinity-climate-change-evidence-coastal-bangladesh
http://documents.worldbank.org/curated/en/2014/03/19299368/river-salinity-climate-change-evidence-coastal-bangladesh
http://documents.worldbank.org/curated/en/2014/03/19299368/river-salinity-climate-change-evidence-coastal-bangladesh
http://documents.worldbank.org/curated/en/2014/03/19299368/river-salinity-climate-change-evidence-coastal-bangladesh
http://dx.doi.org/10.1016/S1474-4422(11)70138-7
http://dx.doi.org/10.1016/S1474-4422(11)70138-7
http://dx.doi.org/10.1542/peds.2012-1628
http://dx.doi.org/10.1542/peds.2012-1628
http://dx.doi.org/10.1038/jhh.2008.144
http://dx.doi.org/10.1038/jhh.2008.144
http://dx.doi.org/10.1038/jhh.2008.144
http://dx.doi.org/10.1093/eurheartj/ehr194
http://dx.doi.org/10.1093/eurheartj/ehr194
http://dx.doi.org/10.1136/bmj.f1325
http://dx.doi.org/10.1136/bmj.f1325
http://dx.doi.org/10.1136/bmj.f1325
http://dx.doi.org/10.3402/gha.v2i0.1904
http://dx.doi.org/10.3402/gha.v2i0.1904
http://dx.doi.org/10.1111/j.1440-1681.1993.tb01496.x
http://dx.doi.org/10.1111/j.1440-1681.1993.tb01496.x
http://dx.doi.org/10.1111/j.1440-1681.1993.tb01496.x


304 M. R. R. Talukder et al. | Health effects of salinity in drinking water in Bangladesh Journal of Water and Health | 14.2 | 2016

Downloaded fr
by guest
on 03 March 2
adults. Clinical and Experimental Pharmacology &
Physiology 20, 7–14.

Khan, A. E., Xun, W. W., Ahsan, H. & Vineis, P. a Climate
change, sea-level rise and health impacts in Bangladesh.
Environment: Science and Policy for Sustainable
Development 53, 18–33.

Khan, A. E., Ireson, A., Kovats, S., Mojumder, S. K., Khusru, A.,
Rahman, A. & Vineis, P. b Drinking water salinity and
maternal health in coastal Bangladesh: implications of climate
change. Environmental Health Perspectives 119, 1328.

Khan, A. E., Scheelbeek, P. F. D., Shilpi, A. B., Chan, Q.,
Mojumder, S. K., Rahman, A., Haines, A. & Vineis, P. 
Salinity in drinking water and the risk of (Pre)Eclampsia and
gestational hypertension in coastal Bangladesh: a case-
control study. PLoS ONE 9, e108715. Doi:10.1371/journal.
pone.0108715.

Koliaki, C. & Katsilambros, N.  Dietary sodium, potassium,
and alcohol: key players in the pathophysiology, prevention,
and treatment of human hypertension. Nutrition Reviews 71,
402–411.

Lim, S. S., Vos, T., Flaxman, A. D., Danaei, G., Shibuya, K., Adair-
Rohani, H., AlMazroa, M. A., Amann, M., Anderson, H. R.,
Andrews, K. G., Aryee, M., Atkinson, C., Bacchus, L. J.,
Bahalim, A. N., Balakrishnan, K., Balmes, J., Barker-Collo, S.,
Baxter, A., Bell, M. L., Blore, J. D., Blyth, F., Bonner, C.,
Borges, G., Bourne, R., Boussinesq, M., Brauer, M., Brooks,
P., Bruce, N. G., Brunekreef, B., Bryan-Hancock, C., Bucello,
C., Buchbinder, R., Bull, F., Burnett, R. T., Byers, T. E.,
Calabria, B., Carapetis, J., Carnahan, E., Chafe, Z., Charlson,
F., Chen, H., Chen, J. S., Cheng, A. T., Child, J. C., Cohen, A.,
Colson, K. E., Cowie, B. C., Darby, S., Darling, S., Davis, A.,
Degenhardt, L., Dentener, F., Des Jarlais, D. C., Devries, K.,
Dherani, M., Ding, E. L., Dorsey, E. R., Driscoll, T., Edmond,
K., Ali, S. E., Engell, R. E., Erwin, P. J., Fahimi, S., Falder, G.,
Farzadfar, F., Ferrari, A., Finucane, M. M., Flaxman, S.,
Fowkes, F. G., Freedman, G., Freeman, M. K., Gakidou, E.,
Ghosh, S., Giovannucci, E., Gmel, G., Graham, K., Grainger,
R., Grant, B., Gunnell, D., Gutierrez, H. R., Hall, W., Hoek,
H. W., Hogan, A., Hosgood, H. D. III, Hoy, D., Hu, H.,
Hubbell, B. J., Hutchings, S. J., Ibeanusi, S. E., Jacklyn, G. L.,
Jasrasaria, R., Jonas, J. B., Kan, H., Kanis, J. A., Kassebaum,
N., Kawakami, N., Khang, Y. H., Khatibzadeh, S., Khoo, J. P.,
Kok, C., Laden, F., Lalloo, R., Lan, Q., Lathlean, T., Leasher,
J. L., Leigh, J., Li, Y., Lin, J. K., Lipshultz, S. E., London, S.,
Lozano, R., Lu, Y., Mak, J., Malekzadeh, R., Mallinger, L.,
Marcenes, W., March, L., Marks, R., Martin, R., McGale, P.,
McGrath, J., Mehta, S., Memish, Z. A., Mensah, G. A.,
Merriman, T. R., Micha, R., Michaud, C., Mishra, V., Mohd
Hanafiah, K., Mokdad, A. A., Morawska, L., Mozaffarian, D.,
Murphy, T., Naghavi, M., Neal, B., Nelson, P. K., Nolla, J. M.,
Norman, R., Olives, C., Omer, S. B., Orchard, J., Osborne, R.,
Ostro, B., Page, A., Pandey, K. D., Parry, C. D., Passmore, E.,
Patra, J., Pearce, N., Pelizzari, P. M., Petzold, M., Phillips, M.
R., Pope, D., Pope, C. A. III, Powles, J., Rao, M., Razavi, H.,
Rehfuess, E. A., Rehm, J. T., Ritz, B., Rivara, F. P., Roberts, T.,
om http://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf

022
Robinson, C., Rodriguez-Portales, J. A., Romieu, I., Room, R.,
Rosenfeld, L. C., Roy, A., Rushton, L., Salomon, J. A.,
Sampson, U., Sanchez-Riera, L., Sanman, E., Sapkota, A.,
Seedat, S., Shi, P., Shield, K., Shivakoti, R., Singh, G. M.,
Sleet, D. A., Smith, E., Smith, K. R., Stapelberg, N. J.,
Steenland, K., Stockl, H., Stovner, L. J., Straif, K., Straney, L.,
Thurston, G. D., Tran, J. H., Van Dingenen, R., van
Donkelaar, A., Veerman, J. L., Vijayakumar, L., Weintraub,
R., Weissman, M. M., White, R. A., Whiteford, H., Wiersma,
S. T., Wilkinson, J. D., Williams, H. C., Williams, W., Wilson,
N., Woolf, A. D., Yip, P., Zielinski, J. M., Lopez, A. D.,
Murray, C. J. & Ezzati, M.  A comparative risk
assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990–2010:
a systematic analysis for the Global Burden of disease study
2010. Lancet 380, 2224–2260.

Meneton, P., Jeunemaitre, X., de Wardener, H. E. & MacGregor,
G. A.  Links between dietary salt intake, renal salt
handling, blood pressure, and cardiovascular diseases.
Physiological Reviews 85, 679–715.

Mente, A., O’Donnell, M. J., Dagenais, G., Wielgosz, A., Lear, S.
A., McQueen, M. J., Jiang, Y., Xingyu, W., Jian, B., Calik, K.
B., Akalin, A. A., Mony, P., Devanath, A. H., Yusufali, A. H.,
Lopez-Jaramillo, P., Avezum, A. Jr, Yusoff, K., Rosengren, A.,
Kruger, L., Orlandini, A., Rangarajan, S., Teo, K. & Yusuf, S.
 Validation and comparison of three formulae to estimate
sodium and potassium excretion from a single morning
fasting urine compared to 24-h measures in 11 countries.
Journal of Hypertension 32, 1005–1014; discussion 1015.

Mimura, N.  Sea-level rise caused by climate change and its
implications for society. Proceedings of the Japan Academy.
Series B, Physical and Biological Sciences 89, 281.

Naghavi, M., Wang, H., Lozano, R., Davis, A., Liang, X., Zhou, M.,
Vollset, S., Vollset, E., Abbasoglu Ozgoren, A., Norman,
R. E., Vos, T., Lopez, A. D. & Murray, C. J. L.  Global,
regional, and national age–sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990–2013: a
systematic analysis for the Global Burden of Disease Study
2013. Lancet 385, 117–171.

National Institute of Population Research and Training, Mitra and
Associates & ICF International  Bangladesh
Demographic and Health Survey 2011 Policy Briefs.
NIPORT, Dhaka, Bangladesh; Mitra and Associates, Dhaka,
Bangladesh; ICF International, Calverton, MA, USA.

Nicholls, R. J. & Cazenave, A.  Sea-level rise and its impact on
coastal zones. Science 328, 1517–1520.

Nicholls, R. J., Wong, P. P., Burkett, V. R., Codignotto, J. O., Hay,
J. E., McLean, R. F., Ragoonaden, S. &Woodroffe, C. D. 
Coastal systems and low-lying areas. In: Climate Change
2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (M. L. Parry, O.
F. Canziani, J. P. Palutikof, P. J. van der Linden & C. E.
Hanson, eds). Cambridge University Press, Cambridge, UK,
pp. 315–356.

http://dx.doi.org/10.1111/j.1440-1681.1993.tb01496.x
http://dx.doi.org/10.1080/00139157.2011.604008
http://dx.doi.org/10.1080/00139157.2011.604008
http://dx.doi.org/10.1289/ehp.1002804
http://dx.doi.org/10.1289/ehp.1002804
http://dx.doi.org/10.1289/ehp.1002804
http://dx.doi.org/10.1371/journal.pone.0108715
http://dx.doi.org/10.1371/journal.pone.0108715
http://dx.doi.org/10.1371/journal.pone.0108715
http://dx.doi.org/10.1111/nure.12036
http://dx.doi.org/10.1111/nure.12036
http://dx.doi.org/10.1111/nure.12036
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1152/physrev.00056.2003
http://dx.doi.org/10.1152/physrev.00056.2003
http://dx.doi.org/10.1097/HJH.0000000000000122
http://dx.doi.org/10.1097/HJH.0000000000000122
http://dx.doi.org/10.1097/HJH.0000000000000122
http://dx.doi.org/10.2183/pjab.89.281
http://dx.doi.org/10.2183/pjab.89.281
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1126/science.1185782
http://dx.doi.org/10.1126/science.1185782


305 M. R. R. Talukder et al. | Health effects of salinity in drinking water in Bangladesh Journal of Water and Health | 14.2 | 2016

Downloaded from http
by guest
on 03 March 2022
Nishat, A. & Mukherjee, N. a Sea level rise and its impacts in
coastal areas of Bangladesh. In: Climate Change Adaptation
Actions in Bangladesh (R. Shaw, F. Mallick & A. Islam, eds).
Springer, Japan, pp. 43–50.

Nishat, A., Mukherjee, N., Hasemann, A. & Roberts, E. b Loss
and damage from the local perspective in the context of a
slow onset process. Centre for Climate Change and
Environmental Research, BRAC University, Dhaka,
Bangladesh, pp. 20.

Page, L. B., Damon, A. & Moellering, R. C.  Antecedents of
cardiovascular disease in six Solomon Islands societies.
Circulation 49, 1132–1146.

Pickering, T. G., Hall, J. E., Appel, L. J., Falkner, B. E., Graves, J.,
Hill, M. N., Jones, D. W., Kurtz, T., Sheps, S. G. & Roccella,
E. J.  Recommendations for blood pressure measurement
in humans and experimental animals: part 1: blood pressure
measurement in humans: a statement for professionals from
the subcommittee of Professional and Public Education of
the American Heart Association Council on High Blood
Pressure Research. Circulation 111, 697–716.

Powles, J., Fahimi, S., Micha, R., Khatibzadeh, S., Shi, P., Ezzati,
M., Engell, R. E., Lim, S. S., Danaei, G. & Mozaffarian, D. on
behalf of the Global Burden of Diseases Nutrition and
Chronic Diseases Expert Group.  Global, regional and
national sodium intakes in 1990 and 2010: a systematic
analysis of 24 h urinary sodium excretion and dietary surveys
worldwide. BMJ Open, 3 (12), e003733. Doi:10.1136/
bmjopen-2013–003733.

Program Development Office for Integrated Coastal Zone
Management Plan (PDO-ICZMP).  Delineation of the
coastal zone. Working paper: WP005. Dhaka, Bangladesh,
p. 33.

Rasheed, S., Jahan, S., Sharmin, T., Hoque, S., Khanam, M. A.,
Land, M. A., Iqbal, M., Hanifi, S. M., Khatun, F., Siddique, A.
K. & Bhuiya, A.  How much salt do adults consume in
climate vulnerable coastal Bangladesh? BMC Public Health
14, 584.

Rowan, C. A. & Calabrese, E. J.  The effect of cooking with
water having elevated sodium levels upon the concentration
of sodium and potassium in vegetables. Journal of
Environmental Science and Health. Part A: Environmental
Science and Engineering 16, 125–137.
://iwaponline.com/jwh/article-pdf/14/2/293/394779/jwh0140293.pdf
SRDI Saline Soils ofBangladeshby SoilResourcesDevelopment
Institute. Ministry of Agriculture, Dhaka, Bangladesh.

Tanaka, T., Okamura, T., Miura, K., Kadowaki, T., Ueshima, H.,
Nakagawa, H. & Hashimoto, T.  A simple method to
estimate populational 24-h urinary sodium and potassium
excretion using a casual urine specimen. Journal of Human
Hypertension 16, 97–103.

Werner, A. D., Bakker, M., Post, V. E. A., Vandenbohede, A., Lu,
C., Ataie-Ashtiani, B., Simmons, C. T. & Barry, D. A. 
Seawater intrusion processes, investigation and
management: recent advances and future challenges.
Advances in Water Resources 51, 3–26.

WHO  Non-Communicable Disease Risk Factor Survey,
Bangladesh2010.WorldHealthOrganization (WHO),Geneva.

WHO  Guideline: Sodium Intake for Adults and Children.
World Health Organization (WHO), Geneva.

WHO  A Global Brief on Hypertension. World Health
Organization (WHO), Geneva.

WHO  Non-communicable diseases (NCD) country profiles.
http://www.who.int/nmh/countries/bgd_en.pdf (accessed 10
March 2015).

Wong, P. P., Losada, I. J., Gattuso, J.-P., Hinkel, J., Khattabi, A.,
McInnes, K. L., Saito, Y. & Sallenger, A.  Coastal systems
and low-lying areas. In: Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change (C. B. Field, V. R. Barros, D. J. Dokken, K. J.
Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L.
Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N.
Levy, S. MacCracken, P. R. Mastrandrea & L. L. White, eds).
Cambridge University Press, Cambridge, UK and New York,
NY, USA, pp. 361–409.

World Bank  Turn Down the Heat: Climate Extremes,
Regional Impacts, and the Case for Resilience. A report for
the World Bank by the Potsdam Institute for Climate Impact
Research and Climate Analytics. World Bank, Washington,
DC.

World Bank  Climate Change knowledge portal. http://
sdwebx.worldbank.org/climateportal/index.cfm?
page=websalinity_dynamics&ThisRegion=Asia&
ThisCcode=BGD# (accessed 5 October 2015).
First received 10 June 2015; accepted in revised form 18 October 2015. Available online 30 November 2015

http://dx.doi.org/10.1161/01.CIR.49.6.1132
http://dx.doi.org/10.1161/01.CIR.49.6.1132
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1161/01.CIR.0000154900.76284.F6
http://dx.doi.org/10.1136/bmjopen-2013-003733
http://dx.doi.org/10.1136/bmjopen-2013-003733
http://dx.doi.org/10.1136/bmjopen-2013-003733
http://dx.doi.org/10.1136/bmjopen-2013-003733
http://dx.doi.org/10.1186/1471-2458-14-584
http://dx.doi.org/10.1186/1471-2458-14-584
http://dx.doi.org/10.1080/10934528109374968
http://dx.doi.org/10.1080/10934528109374968
http://dx.doi.org/10.1080/10934528109374968
http://dx.doi.org/10.1038/sj.jhh.1001307
http://dx.doi.org/10.1038/sj.jhh.1001307
http://dx.doi.org/10.1038/sj.jhh.1001307
http://dx.doi.org/10.1016/j.advwatres.2012.03.004
http://dx.doi.org/10.1016/j.advwatres.2012.03.004
http://www.who.int/nmh/countries/bgd_en.pdf
http://www.who.int/nmh/countries/bgd_en.pdf
http://sdwebx.worldbank.org/climateportal/index.cfm?page=websalinity_dynamics&ThisRegion=Asia&ThisCcode=BGD#
http://sdwebx.worldbank.org/climateportal/index.cfm?page=websalinity_dynamics&ThisRegion=Asia&ThisCcode=BGD#
http://sdwebx.worldbank.org/climateportal/index.cfm?page=websalinity_dynamics&ThisRegion=Asia&ThisCcode=BGD#
http://sdwebx.worldbank.org/climateportal/index.cfm?page=websalinity_dynamics&ThisRegion=Asia&ThisCcode=BGD#
http://sdwebx.worldbank.org/climateportal/index.cfm?page=websalinity_dynamics&ThisRegion=Asia&ThisCcode=BGD#

	Drinking water contributes to high salt consumption in young adults in coastal Bangladesh
	INTRODUCTION
	METHODS
	Study design, settings and study population
	Data collection
	Environmental assessment
	Biological assessment
	Statistical analyses

	RESULTS
	Sodium consumption and characteristics of the study participants
	Factors associated with high sodium consumption: bivariate and multivariate analyses

	DISCUSSION
	Strengths and limitations of the study

	CONCLUSION
	Competing interests
	Authors' contributions
	Mohammad Radwanur Rahman was awarded Griffith University International Postgraduate Research Scholarship (GUIPRS) during the period of data analyses and manuscript writing and received a grant from the School of Environment, Griffith University, to conduct the research. We also acknowledge valuable suggestions, and management and logistical support in regards to research activities from Dr Khairul Islam of WaterAid, Bangladesh. We thank Rupantor and Proshika, two national NGOs, for their generous support during the field works and data collection.
	REFERENCES


