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A LOW-COST DRINKING WATER TREATMENT SYSTEM FOR
SLUM DWELLERS OF DHAKA CITY, BANGLADESH AND A
COMPARATIVE STUDY WITH COMMERCIALLY MANUFACTURED

WATER FILTERS

Thesis Abstract- Idaho State University (Summer 2017)

Dhaka City, the capital of Bangladesh and one of the largest megacities of the
world, is encountering an alarming decrease in the quantity and the quality of potable
drinking water. Especially in the slum areas where mostly low-income people groups are
living, the problem is more severe in comparison to the other residential and commercial
areas of the city. In Dhaka City, approximately 4.5 million people live in the slum areas
consisting of about 30% of the total city population. The slum dwellers are mostly
economically disadvantages lacking in basic living necessities with items like shelter,
food, education etc. In addition, many slum dwellers complain about the poor quality of
drinking water supplied by Dhaka Water Supply and Sewerage Authority (DWASA), the

main responsible authority for the water supply and sewerage of Dhaka city.

In this study, several samples of water supplied by Dhaka Water Supply and
Sewerage Authority (DWASA) were collected from the Korail slum, one of the largest
slums of the city. After testing the quality of samples, it has found that the water contains
high concentration of E. coli and Turbidity which causes many water borne diseases

among the slum dwellers.
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To help solve the problem of poor drinking water quality, a clay water filter was
proposed which is believed to be effective especially against E. coli, turbidity and
suspended solids concentration of water. Also, this filter is economical and the raw
materials are locally available hence the poor slum dwellers can afford it. Laboratory
testing and analyses suggested that, the clay filter can remove up to 90.4% Logio
reduction of total E. coli concentration, 87% of turbidity concentration and 97.2% of
suspended solids concentration of the raw water of Korail slum. To make a comparison,
raw water samples of Korail slum also filtered by a commercially manufactured ceramic
water filter and it removed up to 98.1% Logio of E. coli concentration of water, 90.2% of
turbidity concentration and 99% of suspended solids concentration. The study also
suggested that the clay filter can treat up to 15 liters of water per day and 2 units of clay
filter can easily meet the daily drinking water requirement of a 4-member family. For
cleaning purpose, a metal scrubber used that showed a significant increase in the filtration
rate of the filters. Performance projection has suggested that clay filter can run up to 225
days with regular plugging and able to meet the daily drinking water demand for a 4
members’ family at least for 146 days. Laboratory analysis suggests that the continuous
filtration exhibits a better filter life-time than non-continuous filtration. The clay filter
designed for the study cost around $13 which is considerably less than the cost of
commercially manufactured ceramic filter ($77). However, it is very much possible to

reduces the unit price of the filter if it goes for the commercial manufacturing.
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CHAPTER 1
INTRODUCTION

1.1 Background Information:

Bangladesh, after getting independence in 1971 has been facing rapid growth of its
population. The population which was 67.63 million during 1971 is now 156.6 million
and estimated at 243 million in 2050 (Bangladesh Bureau of Statistics, 2014); potentially
making Bangladesh one of the most populous countries of the world. At present
Bangladesh is the 8" most populous country of the world (CIA, World Factbook 2015).
With the increase of population, the economic development is increasing faster as well.
Now Bangladesh has the 57" largest economy of the world (International Monetary
Fund, 2014). Most of the development is centralized in Dhaka, the capital city of
Bangladesh and the 11™ largest mega city of the world (World Urbanization Prospect
2014). As more and more people gather in this city from everywhere across the country,

this makes it an economic, social and political hub of the country.

At present, Dhaka city has a population of 17 million in its 300-square kilometer
area with a density of 30,748.8 people per square kilometer (Bangladesh Bureau of
Statics, 2014). This large and diverse population creates many problems in the city like
poverty, unemployment, crime etc. One of the most important perspective of this problem
is the mushrooming of unlawful tenant settlement defined as slums. The poor people like

to choose slums as their residence because of cheap and affordable living although the



slum dwellers are getting almost zero service from government due to their illegal status.
Slum dwellers experience a terrible water supply and sanitation service and hence many
dwellers suffer and potentially die from diseases like diarrhea, cholera, arsenic etc. The
environmental condition, especially the water pollution problems, arises from inadequate
treatment of sewage, poor drainage and inappropriate disposal of solid waste are often

terrible and worse than rural areas (Islam, N, et al., 1997).

According to some studies and field surveys conducted on the condition of the
slum dwellers, slum environment causes them to become sick primarily due to the
lacking of potable drinking water, proper waste disposal facilities and well defined
hygienic knowledge such as sanitation practice and proper waste disposal. The poor
quality of potable drinking water is extremely pivotal as many serious diseases are
transported by water. Among the slum dwellers, the water borne disease rate is very high
in comparison to people living in other areas of the city. The quality of water supplied to
the slum dwellers is questionable and degraded as measured by various parameters like E.
coli concentration, turbidity concentration etc. Also, there is a significant gap between the
demand and supply of water provided by Dhaka Water Supply and Sewerage Authority
(DWASA). Very unlikely the slum people has to pay higher than the relatively wealthier
people of the city. In Dhaka city, slum people are usually boil the supply water before
drinking but unfortunately the slum people find it difficult to afford boil the water due to

cost and access.



In the above circumstance it’s important to look over the scenario, investigate the
problems and come up with a best possible solution. A low-cost and affordable drinking
water treatment system that can be used by individual households or by a group can be a

possible solution to overcome the water quality problem.

1.2 Objective:

The main objective of this study is to find an economic and affordable water
treatment method for the slum dwellers of Dhaka city. The study will also focus on a
comparative study of low cost water treatment method with the regular treatment
methods like using expensive water filter, boiling the water etc. The study will focus on:

e Water supply and demand condition of the selected slum

e Existing water quality assessment

e Water borne disease rate among the slum dwellers

e Solid waste disposal facilities

e Develop an affordable treatment method for the slum dwellers.
e Performance evaluation of the treatment method

e Compare the efficiency of developed treatment method with regular treatment

practice.

1.3 Scope of the Study:

The study is an effort to assess the existing water and sanitation crisis among the
Dhaka city slums. The study will help to identify the present condition of slum people in

terms of water quality, sanitation, waste disposal and water borne disease rate etc. Also it
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will help to assess the existing pipe network condition. The result of this study will better
help to slum dwellers to earn the concern of the respective authorities. Considering the
economic hardship of the dwellers, an economic and affordable water treatment system

will help them have access to potable drinking water.

1.4 Research Methodology:

In order to carry out the objective of this study as described, a systematic

methodology is developed and divided into following categories-

1.4.1 Selecting Best Fitted Slum for Study:

As Dhaka city has many slums it’s important to find out the most suitable site/slum
for the study. In this research, Korail Slum of Dhaka is selected for the study as it’s one
of the biggest and poorest slums of the city as well important for its location and existing
condition. The place is suitable because of its poor condition and severe water crisis in
comparison to the other slums of the city. The location of this slum also a major concern
because the slum is located beside the Gulshan and Banani area which are highly
developed and well organized in terms of facilities provided to residents. Bad housing

and solid waste disposal facilities are also reasons for the selection.

1.4.2 Study Area Survey:
Surveying the study area is important in order to collect information and determine

the present situation. In this study, surveying the study area is important mainly for



checking the pipe condition, waste disposal facilities and existing water treatment
facilities.
1.4.3 Collecting Sample:

An important part of the survey is collecting samples from study area. The samples
are need to further study and the result describe the current condition. As one of the main
focus of the study is to assess the water quality hence it’s very important to collect the

water sample and do the laboratory test.

1.4.4 Laboratory Analysis and Result:

Laboratory analysis would suggest the quality of the collected water based on which the
filter/s would be developed. It’s very important to consider the economic condition of the
dwellers in order to get the solution as majority of the people are poor and beneath the

average condition.

1.4.5 Develop the Water Filter/s:
Required water filters need to be developed based on the laboratory outcomes. Due
to economic situation of the slum residents, the developed filter/s need to be

economically viable.



1.4.6 Probable Outcomes:
The expected outcomes of the research are-
e Finding an economical and affordable water treatment method for the dwellers of
Korail slum as well as the economically disadvantaged residents of Dhaka city.
e Test the existing water quality of that slum.
e Outline the existing water borne disease scenario of the area.
e Outline the existing piping system for supply water.

e Describe the water supply, sanitation and waste disposal facilities of that area.



CHAPTER 2
LITERATURE REVIEW

2.1 Background of Dhaka City:

Dhaka City has been developing rapidly as the capital city is the center of growth of
the country. Industrial and infrastructure development of this city has result rapid
urbanization and population increase as well as increasing poverty, unemployment and
reducing open space. At present, many people in the city are striving to meet their basic
needs like water, gas, electricity etc. Increasing population pressure makes the issue more
vulnerable. Government now need to figure out the best possible and feasible solution to
provide basic needs to its citizens. Figure 1 illustrates present insufficiency in water
sector of the city. It is easily noticeable from the figure that water in Dhaka is not

available all the year round and the quality of water is also questionable.

Causes ofinsufficient demand fulfillment

m Surface water scarcity

‘ mIllegal connection

Water becomes insufficient during
summer

u Dirty and ill-smelling water

= Load shedding or power shortage

Figure 1. Causes of Insufficient Water supply (City Dwellers Point of View) (Unnayan
Onneshan 2014)



2.2 Present Water Crisis of Dhaka:

Water supply of Dhaka city is mostly dependent on groundwater sources as more
than 87% of total demand extracted from groundwater sources (Nahar et al., 2015). This
huge extraction has caused a large decrease in groundwater table, with a 20 meters drop
during last seven years at a rate of 2.81 meter per year (Unnayan Onneshan 2014).
Present analysis forecasting that by 2050 the table will be lowered approximately 120
meters (Unnayan Onneshan 2014). In comparison to the groundwater depletion, the
groundwater recharge rate is 1.33 (Unnayan Onneshan 2014) meter per year. Such
findings imply that despite sufficient rainfall (1.87m/year) Dhaka city is experiencing a
1.48 meter per year of groundwater deficit (Unnayan Onneshan 2014). Moreover, the
increasing rate of population, urbanization and industrialization has reduced the amount
as well as the volume of surface water bodies surrounding by the city. Dhaka city is
surrounded by four major rivers that could be a potential source of water but due to
discharge of industrial waste and heavy pollution, surface water bodies are no longer
useable. To meet the present water demand and reduce the pressure from groundwater
source, DWASA, the water supply authority in Dhaka city has decided to collect the
water from one of the largest rivers of Bangladesh, Jamuna. Although the distance is
approximately 150km in order to get the quality surface water, DWASA decided to bring
the water from that river. To do so they have to construct a pipe line from Jamuna River

to Dhaka city.

Figure 2 shows the demand versus supply scenario of water. If the same thing will
continue till 2050, Dhaka City will face a large gap of 704.3 MLD between total supply

and consumption.
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Figure 2. Demand vs. Supply Scenario (Considering 10% Production Loss) (Unnayan
Onneshan, 2014)

2.3 Probable Future Water Crisis:

As Dhaka is the country’s economic hub, more and more people are now moving to
the city; and making the water supply condition more alarming. The present depletion
rate of groundwater implies that if it continues, the groundwater resource will be
depleted. One alternative could be collecting water from different sources apart from
ground water. Sufficient treatment of surface water may be required to improve water
quality. Unfortunately, most of the rivers of Dhaka are experiencing thermal waste
because of industrial discharge which is eventually degrades the quality of water by
reducing DO level, increase in toxins and destroying the aquatic lives of the river.
Although Bangladesh is subjected to a heavy rainfall, water management is difficult as
the rainwater mixes up with the polluted surface water and degrade the rainwater quality.

Figure 3 shows a scenario of severe water pollution scenario of the Dhaka city:
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Figure 3. River Pollution Scenario of the City (Dhaka Mirror, 2012)

At present, Dhaka City residents receive around 40 I/p/d of water in contrast to the
demand of 150 I/p/d (Unnayan Onneshan 2014). The people of Dhaka city are limited in
their daily activities by this little amount of water. Only 5.1 percent of total population of
Dhaka city receives more than 60 I/p/d. On an average, 42.8 percent of the respondents
receiving the 50 I/p/d and the rest (57.8 percent) are suffering from water scarcity despite

piped connections (Unnayan Onneshan 2014).
2.4 Slums of Dhaka City:

Generally, a slum is defined as the settlement of housings with an infrequent growth
in an unfavorable environment. In the slums, people are characterized as having
inadequate housing and basic services. In the city of Dhaka, a remarkable number of

people live in the slums and suffering from poor living standard. A majority of the slum
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dwellers lack basic human needs like energy, water, sanitation etc. Around 30% of Dhaka

city population lives in the slums, making the scenario more critical (Hossain, 2014). In

most of the city slums, high density living, continuous threat of eviction, inappropriate

consumption of public resources, lack of basic services, unhygienic and polluted

environment, great illiteracy rate, unemployment, under-employment, crime, drug

addiction, social, moral and psychological degradation and poor health are very common

which causes serious problem of the people living these slums. Figure 4 illustrates the

slum population of Bangladesh as well as in its major cities. It’s clearly indicates that

Dhaka city has the highest amount of slum people compare to the other big cities of the

country.

Fig-1: Slum population In Bangladesh
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Figure 4. Slum Population of Bangladesh (Hossain, 2014)

2.4.1 Housing Condition:

As majority of the dwellers are poor and living below poverty line, the housing

conditions of those slums are bad and unhygienic. People mostly use these houses to

provide shelter from the natural elements. In terms of safety and protection, the houses
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are near unacceptable. Houses are mostly constructed of straw, leaves, gunny sacks,
polythene paper, bamboo etc. Row upon row of linked tin sheds squeezed tightly together
on top of poorly serviced land is hardly suitable for a healthy life standard. Most of the
city’s slums are in low lying areas which causes problems to the dwellers during the
monsoon season as most of the slums flood during this time. Figure 5 shows the typical
housing pattern of the slum areas of the city. As shown in the figure, housing in Korail

slum is densely populated without having sufficient features for the dwellers.

Figure 5. Typical Housing Pattern of the Slum (Dhaka Tribune,2014)

2.4.2 Economic Condition:

The people living in the slums are mostly migrant people from the different parts of
the country. They leave their home because of poverty or to change their economic

conditions and thus come to city. Ultimately many can’t change their economic condition
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and therefore they find shelter in the slums. The majority of the slum dwellers have no
formal jobs to develop their livelihood. Males are often involved as semi-formal or
informal jobs like rickshaw-puller, day laborer, street vendor, construction worker and
small businessman. Many women work as maids-servant in domestic works, and
garments worker in production works. Many women also work as day laborer at half of
the wages of male laborers. As they are not efficient and productive on their works,
employers who hired them, used to pay very little as their wages. Even children are
working in order to contribute to their family. They generally work as scavengers, brick
breaker laborers, vehicle conductors etc. In the poorest households with child workers,
earnings from the children are significant, representing about one third of total household
income. According to the Slum Census Report 2015, 40.98% of the slum population was
employed where 65.53% was male and 11.91% was female while 59.02% people
including children and student are unemployed with no specific job. The reported data
claimed that the unemployment rate is very high among the slum population and the

unemployed people usually engaged in begging.

Among the slum people, difference between earning and expenditure is huge. In a
very expensive megacity like Dhaka, the earnings are very low in compare to the other
people. According to the study, annual per capita income of slum dwellers is around
TK.35000 ($455). Table 1 shows professions occupied by the slum dwellers and their
annual average income which is less than the average per capita income of Bangladesh,

$1314 (BBS, 2015).
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Table 1:Annual Average Income of the Slum Dwellers of the City (Alamgir et al., 2009)

Livelihood Heads Average Income (BDT.)  Average Income (USD.)
Petty Business 35500 460
Day Labor 38200 496
Rickshaw Pulling 38540 500
Small Job Service 45000 585
Others* 25400 330
Mean 36500 474

Others*= House wife, Maid
Servant,