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Abstract: The study evaluates the technological options of drinking water sources in a 

disaster prone coastal community of Bangladesh. The major objectives are to assess the 

spatial distribution of existing drinking water sources; and to examine the appropriate 

sources of drinking water option in the study area. The study was carried out in 

Kamarkhola Union of  Dacope Upazila under Khulna District, mainly based on primary 

data sources, i.e. using a data sheet to know the existing water sources and other field 

techniques to meet the study objectives. Total eleven criteria i.e. monsoonal availability 

(both pre and post monsoon) of water, water colour, water odour, water taste, repairing 

system, availability of the spare parts, availability of the skilled labour, maintenance cost, 

operational cost, affordability to bear these cost and number of user of the source. There 

were fifteen Pond Sand Filters (PSFs) and thirteen tube-wells in the study area. Other 

water sources are reserved ponds, rain water harvesting systems etc. Study found that 

PSF is more suitable than tube-well based on different criteria that used in this study. As 

this area is vulnerable for potable water supply as well as prone of natural disaster, so a 

comprehensive strategy and action plan needs to be adopted for continuous supply of 

drinking and household water round the year especially during extreme period. 

Keywords: Water Supply Technology, Evaluation Criteria, Appropriate Source, Pond 

Sand Filter (PSF) 

INTRODUCTION 

Water is central to the way of life and the single-most important resource for the 

well-being of its people in Bangladesh. Availability of water, including rainwater, 

surface water, and groundwater in usable forms call for its sustainable 

development, a responsibility that has to be shared collectively and individually 

by members of the society (NWRP, 1999). Safe drinking water contributes to 
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enhance the quality of life through improving general health conditions of the 

people. Due to lack of safe water incidences of water and excreta related 

sicknesses result in periodical outbreak of cholera and a high rate of diarrheal 

diseases accounting for over a quarter of a million lives every year (DPHE, 1999). 

On 28 July, 2010 the UN General Assembly adopted a resolution on ‘The human 

right to water and sanitation’, that recognizes the right to safe and clean drinking 

water and sanitation as a human right that is essential for the full enjoyment of life 

and all human rights (UN GLASS, 2010 and WHO/UNICEF JMP, 2011). In the 

recent past demand of water has increased rapidly with the increase in population, 

industrialization and urbanization. Water is linked to different Millennium 

Development Goals (MDGs) like poverty alleviation, hunger alleviation, 

sanitation goal and environmental sustainability (Stockholm Water Front, 2009). 

The MDG target of Bangladesh was to increase the access to safe drinking water 

from 71 per cent to 85.5 per cent by 2015 (UN GLAAS, 2010). Though the target 

of the government was to access the safe drinking water 96.5 percent in rural area 

and 100 percent in urban area by the year 2015 (GoB, 2012). The proportion of 

population using an improved drinking water source was 97.9 per cent in 2012-13 

and 98.5 per cent in 2013 (BBS, 2014; BBS, 2015). The Sustainable Development 

Goals (SDGs) target is to ensure the supplement of safe drinking water for all 

rural and urban dwellers (United Nations, 2016). However, access to safe drinking 

water for all is a challenge, as arsenic and salinity intrusion as a result of climate 

change will aggravate the access to safe water especially for the poor. 

The supply of clean and safe drinking water is one of the main challenges of 

public health care in the coastal area of Bangladesh. Lack of safe drinking water 

has been identified as the number one issue in the daily life of the coastal 

population (Islam and Ahmad, 2004). WHO (2004) reported that the ground water 

is unsuitable for human consumption due to high salinity in south-western 

Bangladesh (Khulna, Satkhira and Bagerhat district) rather than due to arsenic 

contamination that may be of importance in the northern parts of Bangladesh. The 

availability of saline-free pockets in the coastal areas is lower than the availability 

of arsenic-free pockets in the arsenic affected in rural villages, where in places 

neither ground nor surface water is saline-free (Rahman et al., 1997). Although 

deep tube wells of coastal areas provide a relatively reduced level of salinity, the 

water contains sand which makes deep well water undrinkable in the coastal areas 

(Ahmed, 1996). To cope with this disastrous situation, United Nations Children’s 

Emergency Fund (UNICEF) and Department of Public Health Engineering 

(DPHE) have been establishing Pond Sand Filter (PSF
2
) to purify pond water in 

                                                           
2 PSF is a slow sand filter which treats surface water in which brick chips (Khoa) and sand chambers are 

arranged in series in the unit. In this system, pond water is discharged by hand pump in a small unit 

containing filter media and water is collected through taps (Ahmed and Rahman, 2000). 
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saline affected coastal areas since 1983 (DPHE and UNICEF, 1989) (Figure 1).  

Lack of access to safe drinking water is a barrier to make less ruthless health 

conditions and wellbeing and reducing poverty in the southwest coastal regions of 

Bangladesh. The country is on the receiving end of about two-fifths of the world’s 

total impact from storm surges (Murty and El-Sabh, 1992). Out of the 508 

cyclones that have originated in the Bay of Bengal in the last 100 years, 17 

percent hit to the country coast. On average, a severe cyclone strikes Bangladesh 

every three years (Dasgupta et al., 2010; Moniruzzaman and Siddik, 2012; 

Moniruzzaman et al., 2013). Cyclone Aila hit the south-western coast of 

Bangladesh on 25 May, 2009. The dwellers of the cyclone affected area suffered 

for safe drinking water due to the presence of saline water into the water sources. 

The reduction of fresh water flow of the Ganges, because of the withdrawal of 

water by India, has meant an increase in salinity in the rivers of Bangladesh and 

expected to be aggravated by climate change and sea-level rises.  

 

 
Figure 1: Pond Sand Filter (PSF) 

The lack of surface water for irrigation during dry season has compelled the 

farmers to exploit underground water extensively resulting in a lowering of 

underground water table beyond the suction limits of tube-well, making millions 
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of shallow tube-wells dysfunctional. Though there is a great scarcity of drinking 

water in this area, brackish shrimp is cultivated and that covers a greater portion 

of the southern coastal districts. Providing adequate amounts of drinking water of 

an acceptable quality is a basic necessity. Ensuring sustainable, long-term supply 

of such drinking water is of national and international concern.  

 

OBJECTIVES 

The main focus of this study is to evaluate the technological options of drinking 

water sources in a disaster prone coastal community of Khulna District in 

Bangladesh. The specific objectives are – 

 to explore the spatial distribution of existing drinking water sources in 

Kamarkhola Union of Dacope Upazila; and  

 to evaluate the available drinking water options in the study area. 

 

STUDY AREA 

Dacope Upazila (under Khulna District) with an area of 991.58 sq km, is bounded 

by Batiaghata Upazila on the north, the Pashur River on the south, Rampal and 

Mongla Upazila on the east, Paikgachha and Koyra Upazila on the west. Main 

rivers are the Pasur, the Shibsha, the Manki and the Bhadra. The Southern part of 

this Upazila is covered by Sundarbans. Kamarkhola Union (lowest administrative 

unit of local government) lies between 22°52' to 22°56' north latitude and 89°24' 

to 89°30' east longitude covering an area of 29.20 sq km (Figure 2). Kamarkhola 

together with Sutarkhali is emerged as polder
3
 number 32 of Bangladesh Water 

Development Board. The total population is 15,407 where 7,389 are men and 

7,418 women. The number of households is 3,727. Population density is 527 per 

sq km. The road network is not satisfactory, only 108 km where 100 km is 

earthen, 7 km is brick made and rest 1 km is metal road. The literacy rate is 47 

percent. A survey has been conducted by UNICEF and Union Council that shows 

that only 52.64 percent have access for safe drinking water (UISC, 2016). 

                                                           
3 A piece of land in a low-lying area, reclaimed from a body of water by building dikes and drainage canals.  
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Source: Authors, 2016 

Figure 2: Location of the Study Area 

 

 

METHODOLOGY 

Mainly primary data were used in this study. Both qualitative and quantitative 

approaches were used for data collection, analysis and presentation. In this study, 

a union, called Kamarkhola of Dacope Upazila under Khulna District was 

selected. The authors have travelled extensively in study area for field 

observation. They found only 15 PSFs and 13 tube wells as major water sources; 

here only PSF and tube-well were included. To know the general features of the 

drinking water sources a prescribed data sheet was used for each water source i.e. 

total 28 data sheet were filled up among them 15 for PSFs and 13 for tube wells. 

 

Based on field observation total eleven criteria were selected for the evaluation of 

the water supply technologies. Among them ten were the suitability and 

functionality (availability of water, quality of water and operation and 

management) criteria. Another important criterion was about the user (who takes 

service from these sources) aspect. Table 1 shows the list of total eleven criteria. 
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Table 1: Evaluation Criteria of Drinking Water Sources 
Evaluation Criteria 

Sl. No. Category Criteria 

01 Water Availability Pre-Monsoon Availability 

02 Post-Monsoon Availability 

03  

Water Quality 

Water Colour 

04 Water Odour 

05 Water Taste 

06  

 

Operation and Management (O&M) 

Repairing System 

07 Availability of the Spare Parts 

08 Availability of Skilled Labour 

09 O&M Cost 

10 Affordability to Bear the O&M cost 

11 Service Number of User (Family) 

 Source: Determined by Authors Based on Field Observation, 2016  

 

These criteria were ranked by three categories e.g. minimum, medium and 

maximum; or available, somehow available and unavailable; or easy, not so easy 

and hard; or best, medium and worst etc. For minimum or lowest category got 

one, medium for two and maximum for three point respectively. The relevant data 

and information were collected from different secondary sources mainly from the 

journal articles and government and non-government organizations (NGOs) 

reports. Arc GIS 10.0 has been used for preparing the relevant maps. Global 

Positioning System (GPS), a global navigation satellite system that provides 

location information, was used to point out the distribution of water supply 

technologies. Advance statistical software, Statistical Package for Social Sciences 

(SPSS) 20.0 and Microsoft Excel were used for required data analysis and 

presentation.  

 

SPATIAL DISTRIBUTION OF DRINKING WATER SOURCES 

Drinking water supply mostly depends on groundwater in rural Bangladesh. But 

in the context of the coastal Bangladesh, the groundwater is not suitable for 

abstraction. So the inhabitants depend on surface water sources. The people 

depend on PSF, Rain Water Harvesting System (RWHS), reserve pond, mutki (big 

earthen jar), tube-well etc. RWHSs are installed on different features based on 

diversified size, volume or types e.g. plastic tank, cemented tank etc. Only the 

PSFs and tube-wells were considered in this study. Just the functional or active 

sources were included in this study. In the study area there have fifteen PSFs 

(both models e.g. PSF 500 and PSF 300) and thirteen tube-wells which are used 

as a drinking water source. The distribution of PSFs does not follow any specific 

pattern (Figure 3).  
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Source: Field Survey, 2016 

Figure 3: Spatial Distribution of Water Sources in the Study Area 
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Actually the installation of PSF depends of the existence of sweet (saline free) 

water pond. Generally, tube-well contains high level of salinity; hence the people 

in this area seek for alternative water sources. The size and capacity of is based on 

funding and implementing organizations. Among the fifteen, DPHE have installed 

maximum seven PSFs; have a capacity of 3000 litres. Whether, local NGO like 

Ulashi Sreejoni Sangha (USS) and Dustho Sastho Kendro (DSK) have 

implemented two and four PSFs respectively, which have a capacity of 5000 

litters. A Garman organization, Gesellschaft für Internationale Zusammenarbeit 

(GIZ) has installed a PSF of different model having solar power pumping and 

pipeline water supply facility. But after a few months the pipeline supply was 

damaged. After then it has been working as usually, like other PSFs in the 

locality. A PSF has been inaugurated with an innovative idea called Managed 

Aquifer Recharge (MAR), where the water is preserved in a suitable underground 

layer (Field Survey, 2016). 

Normally, shallow and deep tube-wells generally extract ground water from 

aquifers with depth of 300 feet and 1,000 feet respectively. The supply of suitable 

or tolerable water from tube-well (mainly deep tube-well) mainly depends on 

appropriate layer. Figure 3 shows that the distributions are concentrated within 

certain areas. Those indicate the existence of usable layers and DPHE has 

installed all the tube-wells. 

EVALUATION OF DRINKING WATER SOURCES 
The evaluation criteria are categorized by four broad headed parameters i.e. 

availability of water, quality of water, operation and management (O&M) system, 

and service. These four parameters are finally split into eleven criteria. The mean 

of water availability (pre-monsoon and post-monsoon), water quality (colour, 

odour and taste), O&M (repairing system, availability of spare parts and skilled 

labour, operation and management cost and its affordability) are presented in 

figure 4, 5 and 6 respectively.   

 

Availability of Water: In pre-monsoon (February to May) period the water 

sources mainly surface water faced lack of available supply. At this period people 

use unhygienic pond water by only using potash alum (potassium aluminium 

sulfate) or collected water from PSFs, which are not performed accurately due to 

the unavailability of supply. Normally in post-monsoon (October to January) 

period, water is available in both surface and ground. Community people use the 

rain water (reserved in tank or mutki), water from reserve pond (sweet water 

pond) and PSFs, which are performed better because of availability of water in the 

respective pond. The availability of water is categorized into crisis, medium and 

sufficient.  
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                                                                                                        Source: Field Survey, 2016 

Figure 4: Water Availability in Different Seasons 

 

Quality of Water: The water colour has been determined by eye witnessing. 

Generally this has been done by observing iron content in water by naked eye. 

The taste of water has been determined by drinking or tasting water by the tongue. 

The odour of water has been tasted manually by nose.  

 

 
                                                                     Source: Field Survey, 2016 

Figure 5: Quality of Water in Different Sources 

 

Operation and Management (O&M): The repairing system of PSF and tube-well 

is a major issue to make them operational over the year. Availability of the spare 

parts and skilled labour of these low cost technologies in the local area are 

important matter to make them functional. For the low income dwellers the 
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maintenance and operational cost is an important focus. The number of user 

(family) is the key decisive factor to evaluate the suitability of a water source.  

 

 
                                                                                                Source: Field Survey, 2016 

Figure 6: Operation and Management Condition 

 

Overall Evaluation: These eleven important criteria of mentioned twenty eight 

water sources were specified for the evaluation of those sources. Here the pre-

monsoon and post-monsoon availability, colour, odour, taste of water, repair 

system, availability of spare parts and skilled labour, maintenance cost and its 

affordability, user were ranked by low, medium and high (unfit, tolerable and 

suitable). The sum total score of mentioned eleven criteria were calculated for 

each of the water sources. The mean obtained total score of PSF and tube-well 

were 28.27 and 26.54 respectively, where the maximum total score was 33 (11 x 3 

=33), where 3 was maximum and 1 was minimum score for each criterion.  
 

 
                                                                            Source: Field Survey, 2016 

Figure 7: Performance of PSF and Tube-well 
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In water availability and quality perspective PSF is more suitable than tube-well, 

but in operation and management aspect tube-well is better than PSF. Finally, it is 

said that PSF is more suitable than tube-well. Furthermore, PSF is more suitable 

than tube-well in environmental management and climate change perspective as 

well as PSF supplies the surface water (rainwater), comparatively tube-well 

supplies ground water, which is not fit for environmental sustainability. 

 

CONCLUSION 

The study presents a detailed investigation of present drinking water supply of 
Kamarkhola. The dwellers of Kamarkhola as well as coastal area are in sensitive 
difficulties of safe and suitable drinking water. This study also evaluates the 
existing potable water sources. After conducting the study, the various features of 
water sources has been described. The water colour, odour and taste of each water 
sources have been analyzed. The number of user of each water sources has also 
been examined. The management and operational cost and the affordability to 
bear these costs have also been determined. The result shows that PSF is more 
suitable than tube-well. Though, rainwater is the safest source for drinking 
purpose in water quality perspective. But in consideration of environmental 
suitability and probable climate change impacts to the coastal area of Bangladesh, 
PSF is more suitable water option than any other sources. Some recommendations 
have also been proposed to solve the problem of drinking water scarcity e.g. the 
existing water sources should be protected in a suitable manner, the capacity of 
preserving rainwater should be improved, some new ponds must be excavated, the 
existing ponds must be renovated for preserving the rainwater, the high-tech 
desalination plant may be installed by government and foreign assistance, the 
users should be skilled and trained for maintenance of water source as well as 
PSF, the few underground tolerable saline water layers may be discovered for 
extraction etc.  
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