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Abstract

The study has aimed to evaluate drinking water situation in terms of the availability, accessibility, and quality.
The study has conducted in nine unions under three upazilas of Khulna district. A detail questionnaire survey has
been conducted to collect data from the households. About 44.7% households collect water from private sources,
14.5% households use community source and 36.4% depend on the sources provided by the government or non-
government organization. Number of available sources in both wet and dry season does not exceed 3 for one
household in Khulna district. 40.7% households have water sources within 100m of their house and 32.8%
households have houses located more than 500m far from the sources. The longest distance between water source
and the house has been found to be 10km. 50.4% household use fully kutcha road to go to the source. 26.8%
household requires less than 5 minutes to travel to the source and come back to the house whereas 54.8% require
more than 15 minutes for travelling. Indexing method was used to portray the availability, accessibility and quality
scenario of drinking water separately at the Union, and Upazila, level. The water quality index data revealed that,
only 1% water sources were of good quality and other 99% not good with a significant portion of water sources
poor or very poor for drinking purpose during dry season and there was no good quality of water sources in wet
season. The high WQI values in water samples were principally due to the occurrence of extremely higher values
of E.Coli which is very alarming. The higher concentration of water quality parameters like nitrate, electrical
conductivity and chloride also accountable for high WQI values in the study area.
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1. Introduction

Water is essential for human life, and the access to safe and sufficient water and sanitation are recognized as basic
human rights. Moreover, the United Nations Sustainable Development Goal (SDG) target 6.1 calls for universal
and equitable access to safe and affordable drinking water (UN, 2010). Water is highly significant to all living
organisms; however, the increase of the resource was being threatened as the rising of human populations more
high-quality water was requested for local objectives and economic actions (Khudair, 2013). The abstraction of
water for industrial and agricultural productions, power generation, forestry practices and mining may provide
drop in water quality and quantity that impact the aquatic ecosystem (Alobaidy et al. 2010).

Water security is one of the increasingly recognized challenges worldwide. The scarcity of safe drinking water is
increasing due to an increase in population, changing lifestyles and urbanization (Abedin & Shaw, 2014).
Increasing population and human activities along with global climate change have enormously increased the
vulnerability of the water system. Scarcity of safe drinking water is an acute problem in the coastal regions which
is mainly caused by seasonal drought, coastal flood, cyclone, and salinity intrusion. The context is also severely
affecting agriculture, health, fisheries, and the ecosystem of the region (Rahman et al. 2021). Considering the
immense importance of water related challenges, specifically in the southwest coastal region of Bangladesh, the
study has designed to evaluate drinking water situation in terms of the availability, accessibility, and quality and
its spatial and seasonal trends in Khulna district. The study has conducted in nine unions under three upazillas of
Khulna district. Due to its proximity to the Bay of Bengal, low elevation, freshwater scarcity, and salinization, the
southwestern coastal region is highly vulnerable (Johnson & Humphreys, 2021). Salinity intrusion is one of the
major water-related problems in the southwestern coastal region which hampers drinking water availability,
accessibility and quality.
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2. Methodology
2.1. Identification of Indicators

Dimensions of water availability consist of simple variables. Ownership of the source, number of available sources
in wet and dry season, demand-source ratio and duration of water scarcity have been considered as the variables
of water availability index. Distance of sources, mode of transport, condition of road, travel time, queuing time,
water price-income ratio have been considered as important Accessibility Index as shown in Table 1. Other social
variables like equality, safety and security also have been considered here.

Table 1. Indicators of Household level Water Accessibility Index

Indicators Measurement Unit Standard

Distance of Source meter Not more than 500 meter (Thurstan et
al. 2021, WHO 2017)

Mode of Transport Qualitative -

Condition of Road Qualitative -

Travel Time minute No more than 15 min

Queuing Time minute No more than 15 min

Water price-income ratio % No more than 5% of household

monthly income (Peprah et al. 2015,
Smets, 2009)

Equality Qualitative -

Safety Qualitative -

Security Qualitative -

2.2 Data Collection

A detail questionnaire survey has been conducted to collect the data from the households. For calculating the
sample size, population for the year 2021 was used. Table 2 shows the sample size under different unions,
upazillas. In each union, at least three focused group discussions (FGDs) have been carried out to investigate the
strength, opportunity, weakness and threat.

Table 2. Sample Size Distribution

Upazila Name Union Name No. of Household 2021  Sample
Size

Paikgacha Deluti 7663 68
Garuikhali 7126 68
Sholadana 8200 68
Lata 8020 68
Dacope Kamarkhola 4886 67
Sutarkhali 7933 68
Tildanga 7403 68
Koyra DakshinBedkashi 11178 68
Uttar Bedkashi 10671 68

2.3. Scaling and Normalization

All raw data values have been converted to comparable scales based on expert opinions and minimum standard
found from the literature review. A likert scale has been used to rate each variable where minimum value refers
to poor availability and accessibility, and maximum value refers to high availability (Table 3) and accessibility
(Table 4).

Table 3. Scaling for Household level Water Availability Index

Indicators Scale
1 2 3 4
Ownership Govt. NGO Community Private
Available Sources in Dry <l 2 3 >3
Season
Available Sources in Wet <1 2 3 >3
Season
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Demand-Source Ratio >21 14.1-21 7.1-14 <7
Duration of Water Scarcity 5-6 months 3-4 months 1-2 months <1 month
Table 4. Scaling for Household level Water Accessibility Index
Indicators Scale
1 2 3 4
Distance (km) >0.5 0.301- 0.5 0.101-0.3 <0.1
Mode of Transport Boat, Truck Van, Rickshaw, Walk No Transport
Bicycle Required
Condition of Road Kutcha Kutcha and Pacca Pacca No Road Required
Travel Time (min) >15 11-15 6-10 <5
Queuing Time (min) >15 11-15 6-10 <5
Water price-income >5% 2.6 -5% 1.1-2.5% <1%
ratio
Equality Gender Economic and Racial and Equal
Inequality Social Inequality Religious
Inequality
Safety Injury and Physical Stress Mental Stress No Stress
Accident
Security Physical Thievery Verbal Assault No Violence
Assault

In correlation and reliability analysis, the variables have been analyzed for significantly high correlations
(Pearson’s R>0.70) between individual variables. For this study, a widely used techniques for deriving weights,
known as Analytic Hierarchy Process (AHP) has been applied to determine the weight of indicators. An excel
template was used for this analysis and the derived weights for the indicators.

2.4. Assessment of Water Quality

Physical, chemical and microbiological parameters were measured during dry and wet seasons. In this study situ
measurement were adopted to determine unstable parameters including; pH, temperature, electric conductivity
(EC) and DO by handheld multi-water quality probe (HANNA HI-9828, USA), and locations ascertained using a
Trimble GeoXT 6000. The collected water samples were analyzed for Physico-Chemical and microbiological
parameters namely; total dissolved solid (TDS), total hardness, arsenic (As), total coliform (TC), fecal coliform
(FC), alkalinity, sulphate (SO4 2*), nitrate (NO5"), phosphate (PO4 3-), chloride (CI). Except few parameters in
the field, all the other parameters were analyzed in the Laboratory. Water Quality Index (WQI) is utilized to
determine the suitability of the water for drinking purposes (Ketata, 2011). WQI has been estimated in three steps
utilizing weighed arithmetic index approaches (Ramakrishnaiah et al. 2009, Patil & Dandge, 2021).

3. Result and Discussions
3.1. Water Availability Situation

The condition of ownership is good in Lata and bad in Garuikhali compared to other unions of Khulna District
(Table 5). The numbers of available sources in dry season and wet season were found to be lowest in Garuikhali
and Sholadana union respectively. The duration of water scarcity is lower in Uttar Bedkashi union in comparison
with other union and hence has got the highest score. The score is lower for Deluti and Kamarkhola unions.
Tildanga has the most available drinking water sources for dry and wet seasons among the investigated unions in
Khulna, with eleven Reverse Osmosis (Ros) in addition to Pond Sand Filter (PSF) and Rainwater Harvesting
System (RWHS). Tildanga also has the highest demand source ratio of all the unions. That is why, when compared
to other unions, Tildanga has the highest total drinking water availability. In Uttar Bedkashi, the duration of water
scarcity is the shortest among the union of Khulna due to huge number of hand pumps are available there. Aside
from that, Garuikhali has a limited water source, with only four PSF and one RO. As a result, the Garuikhali union
has the lowest total availability of drinking water. In the rainy season, people usually collect and store rain water.
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Table 5. Variable wise Water Availability condition in Different Unions of Study Area
— = « -
s = » = [ = = s =
2: E . z g . S 5 5%
%3 8 s g 3 = g = 573
e S 3 7 Z = %
Ownership 2.782 2.781 1.529 2.825 3.517 2.677 2.952 3429 27361
Available
Source in 1.350 1.547 1.086 1.238 1.418 1.154 1.556 1.732 1.194
Dry Season
Available
Source in 2.028 2.063 1.986 2.079 2.088 1.585 2.143 2339 1972
Wet Season
Demand- g6 3016 2871 2.889 2.890 2692  3.175 3.482 2.389
Source Ratio
Duration of
Water 2.430 2 .000 2.114 2.000 2.517 2.615 2302  2.625 2.667
Scarcity
Total
o 2.344 2.258 2.035 2.175 2.483 2.483 2439 2739 2237
Availability

Main sources of drinking water in all upazilas are PSF, community based RWHS, household based RWHS,
shallow tube well, deep tube well etc. In Dacope upazilla, only 8.3 % household has used sources provided by
government. The percentage of NGO and community provided sources are highest in Dacope which are
consecutively 28.6% and 37.5%. Paikgacha have very few sources provided by NGOs where the percentage is
below 10%. It has found from FGDs that during dry season, RWH is not possible and in shallow tubewell water
goes below the water table. In wet season, the percentage (52.4%) of households depends on only one source is
low for Dacope and Koyra Upazilla. However, in Koyra upazilla, more than 97% of households depend on two
sources during wet season. In Dacope, significant number of households use more than two sources during wet
season. Households of Koyra Upazilla has stayed behind in terms of low demand. In terms of available sources in
dry season, the average condition is comparatively good in Dacope Upazila.and this condition is worst in Koyra.
However, in wet season, the average condition is good in Dacope and bad in Paikgaacha. Average score for
demand-source ratio is found to be highest in Dacope and lowest in Koyra, as per duration of water scarcity, the
condition of Koyra Upazilla is good and bad in Paikgacha Upazilla.

3.2. Water Accessibility Situation

It is seen that residents of Garuikhali union have to travel shorter distance while the residents of Deluti union have
to travel longer distance to collect water. Moreover, Tildanga union is staying ahead in terms of transport mode
whereas Sholadana union is lagging behind. All the unions have poor road condition on an average. Among this,
Sholadana is in slightly better condition. The households in Lata union need less travel time for collecting water
whereas the other unions need more time to travel to the source and come back to house. In Guruikhali, people do
not have to wait at the source while collecting water. In Southkhali union, people are waiting more in comparison
with other unions. Cost income ratio is low in Deluti union and high in Sholadana union. Water collection, in
terms of both safety and security Sholadana union is lagging behind. The condition of equality is worse in Tildanga
union. In case of total accessibility, Lata union is ahead of other unions. On the other hand, Sholadana union is
lagging behind in terms of total accessibility.

In Paikgacha upazilla, more than 65% households travel at least 500m to reach to the source which is very
concerning. Only 15.3% households of Paikgacha upazilla agreed that the source is within 100m. From FGDs it
is found that, most of the people in Paikgacha use tubewell for the purpose of drinking water which are very far
from their house rather than ponds most of which are located besides their house. Less than 5% households from
Dacope, Koyra, and Paikgacha upazilla use truck or boat to travel to source or to transport water. Most of the
people from all upazilla have to walk to collect and transport water. Maximum people use kutcha road to collect
water except in Paikgacha upazilla. It is found that Paikgacha has good connectivity of pacca roads which are
mainly constructed by Government.
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About 66.9% households of Paikgacha upazilla travel more than 15 minutes to go to and come back from the
source. From FGDs it is found that few existing RO are the main sources of drinking water in Paikgacha union.
The location and distance of these sources are main reason for higher travel time. There are several other RO
plants in Paikgacha but most of those are used by few wealthy people as the cost is too high for general people to
bear. In Dacope and Koyra Upazilla, consecutively 12.7% and 10.4% households require queuing for more than
15 minutes. The Dacope and Koyra Upazila has scarcity of safe drinking water due to increasing salinity (Shaibur
et al. 2021) which is creating pressure deep tubewell. According to FGDs, rapid depletion of ground water level
by extensive extraction and fast-growing population are also responsible for extra queuing time during water
collection from tubewell.

3.3 Water Quality Situation

A total of 71 samples during dry season and wet season during 2022 were collected from various locations as per
the standard protocol prescribed by (APHA, 1998). Significant physicochemical characteristics of collected water
samples has been examined statistically. The chemical, physical and biological parameters of the analytical
outcomes of water sample have been compared to ECR guideline Standards (ECR, 2023). Average values of pH
representative slightly alkaline nature of ground water and surface water for both seasons. Conductivity of the
water sample for the entire study area stands at an average of 4.57 mS/cm for ground water and 1.57 mS/cm for
surface water. E. coli was significantly detected in all collected water samples for both surface and ground water.
Arsenic concentration has been found in two water samples with one sample (0.1 mg/L) cross the permissible
limit as prescribed by ECR 2023 during dry season and the other collected water samples show zero concentration
of arsenic. In drinking-water supplies, arsenic poses a problem because it is toxic at low levels and is a known
carcinogen.

3.4. Water Quality Index (WQI)

Water quality index was calculated using different water quality parameters during dry season of 2022. For the
present investigation, calculated WQI values are classified into four types such as Good, Poor, Very Poor and
Water unsuitable for drinking. The WQI revealed that, only 1% water sources were of good quality and other 99%
not good with a significant portion of water sources poor or very poor for drinking purpose during dry season and
there was no good quality of water sources in wet season. The high WQI values in water samples were principally
due to the occurrence of extremely higher values of E. coli which is very alarming. The higher concentration of
water quality parameters like nitrate, electrical conductivity and chloride also accountable for high WQI values in
the study area.
Table 8. Water Quality Index Range of the Study Area

Water Quality Dry Season Wet Season

Area (Sq.km) Area (%) Area (Sq.km) Area (%)
Good Water 0 0 0 0
Poor water 275.97 39.14 218.04 30.90
Very Poor Water 80.18 11.37 138.11 19.57
Total 356.15 50.51 356.15 50.51

WQI range of wet season and dry season are presented in Table 8. Fig.1. shows the spatial distribution of WQI,
based on Kriging Interpolation Technique. The spatial map depicted that all part of the study area falls under the
category of “Poor Water” and “Very Poor Water” except few villages which falls under the category of “Good
Water” during dry season. These are due to the sources situated very close to latrine or directly connected to on-
site sanitation systems. The study reveals that the drinking water quality was better during the dry season, as
compared to that of wet season.

4. Conclusions

Water is available for drinking purpose from diversified sources which mostly do not meet the quality of national
or WHO standard. People of the study area are drinking water from different types of sources, such as, PSF, Pond,
Rain Water, RO plant, shallow tubewell etc. Around 90% PSFs were found out of service for the lack of some
minute maintenance. In the aspect of availability, result shows that majority of the households collect water from
private sources followed by the Government and non-government ones. Overall, water availability condition
seems to be better whereas, in case of accessibility, the findings indicate that the majority of families gather water
from sources more than 300 meters away. Finally, water quality condition of 9 unions in the study area is poor to
very poor. So, it is advised to protect and maintain the related ponds properly and to collect rain water in a safe
manner as well as circumvent the roofs made of asbestos sheets to improve the critical condition in the study area.
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Figure. 1. Spatial Distribution of WQI during dry season for study area
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