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Responsible management of water and other natural resources today
often means developing new energies and finding alternatives to shrinking
resources. Especially the sector of renewable energy has grown considerably in recent decades: wind energy, for example, has undergone tremendous development not only in Germany, but also in Bangladesh. Water,
surely, is also a source of new energy, especially in a country like Bangladesh. Thus, renewable energies have become a new area of scientific exchange between our two countries.
Looking back through history, it is clear that water has always been a
focus of human life: people lived along the water, got their food from the
water, travelled by water, and also obtained sustainable energy from the
water. Our ancestors in Bangladesh and Germany alike developed remarkable techniques to manage waste water, create water supply systems, and
save water for times of drought.
However, water definitely does have negative impacts, especially in Bangladesh, where tsunamis and floods reoccur quite often. At the same time,
the proper use of water – in particular in the energy sector – is a great
opportunity but also an enormous challenge for Bangladesh. The impact of

water is especially important in mega-cities like Dhaka and densely populated countries like Bangladesh.
The aim of the 2007 seminar “City and Water”, which was conducted
by the Goethe-Institut, GTZ, and the Alumni Association of German Universities in Bangladesh, shed light on the ways people and cultures dealt
with water in recent centuries, not only in Germany, but also in Bangladesh. The present publication shows that scientists today can still learn a lot
from ancient techniques in order to improve the ways our world is dealing
with water: ancient techniques can help modern-day Dhaka preserve the
environment and guarantee better water quality. All that is needed is awareness – and this seminar has helped create more awareness of our common
responsibilities for water and our natural environment.
I sincerely hope that this fruitful exchange of ideas will continue to develop capacity in both countries and will help all of us ensure that Germany
and Bangladesh remain good places to live.
Frank Meyke
Ambassador of the Federal Republic of Germany

Torsten Oertel
Preface
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Water as one of the basic elements is immensely powerful, forming mountains, rivers, and landscapes. Water is also an element of life: all life began
in it and no living being can live without it. Water can be dangerous: floods
and tsunamis can destroy millions of lives, while a basic lack of water can
result in human and environmental catastrophe.
South Asia, in particular Bangladesh, is facing many challenges: climate
changes result in tsunamis, arsenic is becoming a real threat in urban areas,
the monsoon rains often result in tragic floods, while there is a lack of
water during the dry season.
Especially in fast growing cities, such as Dhaka, sustainable urbanization must be achieved. Urbanization and public space in big cities were
topics dealt with during the seminar “City and Water” in 2007, which
compared Dhaka and Berlin: water is not just an element but also a part of
life. People in different cultures live by the water and create living spaces.
This all requires good planning and responsibility for human beings as well
as for the water environment.
However, water is not just a chemical element, not just an element we
all live with. Water also is a source of life, culture, and tradition. In order to
create sustainable urbanization and manage water responsibly, not only do
problems of water have to be approached from a scientific angle, but social
and infrastructural questions also have to be dealt with.
These can surely be studied by comparing modern civilizations, and many
solutions can be found by global cooperation; however, at the same time,
we should also start reflecting on our own past and the ways in which our
ancestors managed the element of water. With respect to renewable energies, for example, there is more and more research into the ancient techniques of our forefathers, be it the use of wind, solar, or water energy. Old
techniques often create new forms of energy that are sustainable and endlessly available. Water is one of them.

The present publication Man and Water is based on a seminar conducted
at the Goethe-Institut Bangladesh in 2008. Scientists and scholars from various disciplines discussed water in the past and present and thereby developed possible solutions for the future. Archaeologists presented ancient and
sometimes long-forgotten techniques in regard to water in South Asia and
Europe. Hydro-geologists explained the changes in how man has dealt with
water in the past. Finally, architects and social scientists presented possible
ways that we can learn from our own past in South Asia as well as in
Europe.
Looking back in the history of mankind, we come to realize that water
has always been a focus of human life. The importance of water, which is
widely discussed in the natural sciences, is often neglected within the humanities, although water has shaped not only our natural and man-made
environment, but also our traditions, the arts, and belief systems in the East
as well as in the West.
This book aims to combine ancient elements of technology and life along
the water in South Asia and Europe; it shows us how much we all can learn
from our own past in order to preserve a liveable present for the sake of a
better tomorrow.
I would like to express my gratitude to all who participated in the seminar and to all those who worked with us on the present publication. I
would especially like to mention Dr. Claudia Nickel (Archäologie im
Gleiberger Land e.V., Biebertal), Dr. Hans-Joachim Weisshaar (Commission
for Archaeology of Non-European Countries, Bonn), Prof. Dr. Nuzrul Islam
(Centre for Urban Studies, Dhaka), and Salma A. Shafi (Centre for Urban
Studies, Dhaka) for having taken on the task of compiling the publication
Man and Water and for having contributed as speakers and panellists during the seminar.

A big thank you to all the other panellists from Bangladesh (in alphabetical order): Prof. Dr. Enamul Hoque (Centre for the Study of Bengal Arts,
Dhaka), Prof. Dr. M.M. Hoque (Jahangirnagar University, Savar), Dr. Seema
Hoque (Jahangirnagar University, Savar), Prof. Dr. Engr. Abu Md. Shahdullah
(President of the Alumni Association of German Universities in Bangladesh),
and Anwar Zahid (Bangladesh Water Development Board, Dhaka). Thanks
to Alexander Jachnow (GTZ Office, Dhaka) for moderation of the closing
session and to Dr. Susanne Biegert (a r s, Schmitten) for the publication’s

design and layout. A special thank you to Hilary Michael, who freely gave
her time to correct the English texts.
Also, thanks to our partners: GTZ (Deutsche Gesellschaft für Technische
Zusammenarbeit) Office Dhaka and the Alumni Association of German Universities of Bangladesh. Last, but not least, thanks to the staff of the GoetheInstitut Bangladesh, especially to Mrs. Harriet Gassner for the moderation
and organisation of the seminar.
To all of you, my gratitude.
Torsten Oertel
Director, Goethe-Institut Bangladesh
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Fig. 1. Bangladesh. Geomorphological formation. – Basic map: Reimann, KlausUlrich: Geology of Bangladesh. Beiträge zur regionalen Geologie der Erde, Band
20 (1993) contrib. K. Hiller; modified in Banglapedia.

The relationship between man and environment is very significant to
understand the human culture. Since the emergence of man on the earth he
has been dictated by the environment in construction of his culture. Man
has exploited and is still exploiting today all the spheres of ecosystem;
Biosphere, Geosphere, Cryosphere and Atmosphere in order to develop and
flourish his culture. Every sphere has been severely affected by human
activities that resulted in change of climate. Climate is changing due to rise
of temperature globally. Presently climate change is a major issue world wide.
Due to climate change, sea level will rise around 1–1.5 m in present century.
Bangladesh is one of the countries most vulnerable to climate change. This
small low lying deltaic country is at risk to sea level rise. Districts in coastal
zone of South and southeast Bangladesh will be affected due to sea level rise.
A number of national and international agencies are working on the impact
of climate change on human life, particularly health, sanitation, agriculture,
fisheries, human migration, biodiversity, etc. The rise in sea level would not
only distress the human life but also very severely affect, damage and may
destroy the cultural heritage of Southern Bangladesh. The threatened cultural
heritage of this area is being neglected.
Bangladesh lies between 20º 34’and 26º 38’ N latitude and 88º 01’ and
92º 41’ E longitude. Several Indian states such as West Bengal, Meghalaya,
Assam and Tripura are located on its west, north, north-east and eastern side
respectively. A very small portion of the country has an international border
with Myanmar towards the south-eastern side and the Bay of Bengal is located
on its southern margin. A geological formation and elevation map of Bangladesh
reveals that the 90% area of the country is low lying and only 10% is upland
of Pleistocene period which are known as Barind tract, Madhupur tract and
Lalmai hills. There are some sporadic marginal hills at Chittagong and Sylhet
which all are pre-Pleistocene origin. Bangladesh is a riverine country. Rivers
are the significant topological feature and cris-cross the whole landscape of
Bangladesh. The rivers discharge their enormous volume of water into the
Bay of Bengal. Of them three are the major rivers the Ganges, the Brahmputra
and the Meghna. Bangladesh has a humid, warm and tropical climate. It
faces cyclones and floods every year (Rashid 1991).
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Fig. 2a. Bangladesh. Elevation map. –
Source: Geo Digital Atlas 2004 by M.N. Bhuiyan Mazed.

Fig. 2b. Rivers of Bangladesh. –
Source: Banglapedia 2004.

Fig. 2c. Main rivers of Bangladesh. –
Source: Banglapedia 2004.
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Fig. 3. Location of prehistoric sites in Bangladesh. –
Basic map: Reimann (cf. Fig. 1).

Fig. 4. Location of early historic sites in Bangladesh. –
Basic map: Reimann (cf. Fig. 1).
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Despite such climatic condition and geological formation Bangladesh has
a very rich cultural heritage from the prehistoric times. The history of human
settlement and its culture in Bangladesh goes back to Neolithic period; only
two prehistoric localities are identified at Lalmai hill ranges in Comilla district
and Chunarughat in Habiganj district and a very few isolated findings from
the other sites (Hoque 2002). These two sites could not be dated since the
Neolithic implements were not recovered from the stratified layer/s. However,
these implements compared and studied with the Neolithic implements found
in neighboring areas such as Assam and Tripura where the dates are available.
The Neolithic implements and culture in Assam ranges from 5000 BC to
2000 BC (Sharma 1981).
No archaeological evidence is available to show how Neolithic culture
transfer to the Early Historic culture. However, study reveals that sites of
Prehistoric, Early Historic and Early Medieval Periods are located on the
non-flooding uplands.
Other than prehistoric sites, there are a few early historic sites in Bogra
and Rajshahi districts of North Bangladesh and in Narshingadi district of
Eastern Bangladesh. Of these sites only two habitation sites of early historic
period have been excavated. These are Mahasthangarh and Wari-Bateshwar
respectively located on Barind and Madhupur tracts. Mahasthangarh is located
in Bogra district in North Bangladesh. The Site is situated on the bank of
river Karatoya. It is a fortified city. The fortification wall measures about
1523 m north and south and 1371 m east and west. The height of the
fortification is 4.5 m built of brick and mud mortars. Since 3rd/4th century
BC onwards, to the present day, the site has been occupied by human for
different purposes. Brahmi inscription, ancient literary sources, Punch marked
coins, semiprecious stone beads, NBP wares, ruletted wares, etc. reveal the
evidences of early historic site (Ahmed 1981; Rahman 2000, 94–95). Another
habitation site Wari- Bateshwar is located in Narshingdi district. Antiquities
like semiprecious stone and glass beads, NBP ware, rouletted ware, iron
implements, punch marked coins, some architectural features, etc. recovered
from this site are similar to that of early historic period (Pawankar et.al.
1998, 25–37; Ahmed 2001; Haque 2001; Rahman 2003, 1–10).
Fig. 5. Location of early medieval sites in Bangladesh. –
Basic map: Reimann (cf. Fig. 1).
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Among the monumental sites of early medieval period the Department of
Archaeology, Government of Bangladesh excavated a large number of
monumental sites belong to the Buddhist and Hindu religion. Of them,
Buddhist sites are predominant. These Buddhist monasteries are again located
mostly on Barind tract, Madhupur tract and Lalmai hills and few on uplands.
Hindu and Buddhist architecture are largely made of bricks and mud/clay
used as mortar. The ground plans of monuments, sculptures and other
antiquities collected during excavation show that these monasteries belong
to Vajrayana faith of Buddhism that flourished in Bengal during the 7th –12th
century AD (Hoque and Hoque 2004, 59–66).
Muslims invaded the Bengal from the 13th century onwards and ruled on
till the 17th century AD. They built a number of forts, fortresses and mosques
in Bangladesh and some of them are still standing. A large number of mosques
are built on river floodplains, they occupied uplands as well as floodplains.
The mosque architecture of Bangladesh is unique in the world. The whole
West Asiatic concept and theme is exhibited here by local adaptation. The
socio-political and indigenous theology of ancient Bengal is influenced in its
medieval art and architecture i.e. Muslim architecture (Hasan 2007).
The British took over the rule from the Mughals in 18th century and ruled
until 1947. In order to establish British colonies they built a number of
temples, mosques, churches, colleges, court buildings, office buildings, etc.
These remains are mostly present on uplands and river flood plains. However
the Muslim and the colonial architecture are still erected in a very pitiable
state of preservation.
Today this rich cultural heritage of Bangladesh is threatened by climate
change. Therefore, the study of the ecological impact on archaeological sites
is very significant. The majority of both archaeologically excavated and
unexcavated sites would be badly affected and some would be at the verge of
extinction as a result of ecological disasters such as excessive rain, floods,
water logging, cyclones, salinity, etc. Particularly sites located in southern
Bangladesh are at the high risk of Sea Level Rise, this would affect Satkhira,
Khulna, Jessore, Narail, Bagerhat, Pirojpur, Barguna, Madaripur, Gopalganj,
Bhola, Patuakhali, Barisal, Jhalkathi, Noakhali, Feni, etc. districts in Southern
Bangldesh. Almost every district has cultural remains of at least hundred

years. Among them are ancient sites like the mud fort at Kotalipara, peat
deposit at Chanda Bill in Gopalganj district and Bharat Bhayana an ancient
mound site of 5th century AD located in Jessore district. These could be lost
forever. In addition to these a number of monuments including mosques, tombs,
terracotta temples, forts, and monasteries, municipal building, court buildings,
college buildings, churches and other architecture could be in danger.
The ancient remains of Kotalipara, the mud-fort site, are very important.
It is situated on the Ghagar river. Written records reveal that the Kotalipara
was a fortified city of independent kingdom Vanga formed in 6th century AD.
From this site five copper plates inscriptions have been obtained which reveal
the three names of independent kings Gopachandra (540 AD), Dharmaditya
(570 AD) and Samachardeva (end of 6th century AD) who ruled this region.
The title Maharajadhiraja of these three kings is evident to establish that
they were independent and powerful. This was the first time independent
kingdoms were established in Bengal after the declination of Gupta Empire.
A few gold coins of Chandragupta II (4th century AD) and Skandgupta (5th
century AD) and also Sculpture of Hindu deity Surya (Sun God) recovered
from this fort area. All this archaeological evidence indicate its archaeological
significance (Majumdar 1943, 51–54).
Another ancient site known as Bharat Bhayana is located 18 km south
east of Keshavpur on the western bank of the river Buri Bhadra in Jessore
district. In 1922 K.N. Dikshit surveyed and located this mound on the
southern bank of old bed of Bhadra river and identified this mound as a
Buddhist Stupa of 5th century AD. The mound was circular in shape, the
circumference of this mound was 800 to 900 ft. and the height was 40 to 45 ft.
The brick size (16”×13”×3”) of the stupa indicate that this could be roughly
of 5th century AD (Dikshit 1923, 76). This site was excavated by the
department of Archaeology, Government of Bangladesh in 1985. Excavation
was carried out on the top and the slopes of the eastern and the southern
sides of the mound. Excavation reveals the cellular brick foundation that
made of number of cross walls oriented in north-south and east-west direction,
few fragments of terracotta images and pottery (Alam 1989, 79–81). It did
not however disclose information regarding date or architecture whether it
was Hindu or Buddhist.
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Fig. 6. Location of medieval sites in Bangladesh. –
Basic map: Reimann (cf. Fig. 1).

Fig. 7. Location of colonial historic sites in Bangladesh. –
Basic map: Reimann (cf. Fig. 1).
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Peat deposit is a good indicator of climate change. It helps to explain the
palaeoenvironment and environmental change of that particular region. In
Bangladesh, peat formation is reported from the Gopalganj- Khulna basin. It
occupies the low lying areas between the Ganges river flood plain and the
Ganges tidal flood plain. The peat deposit spread over the area of Gopalganj,
Madaripur, Khulna, Faridpur and Narail districts at the sea level (Brammer
1996). There are five peat layers separated by organic silty-clay reveal the
climatic fluctuation since 8000 to 1200 BP approximately. Palynological study
reveals that the pollens from the lower to upper layers of peat deposit indicate
the influence of brackish to fresh water environment and the pollens from
the organic silty-clay layers indicate the increasing marine influence (Islam
2001). Animal remains of elephant, gaur, wild buffalo from the upper peat
layer from Betgram village in Gopalganj district and surrounding area indicate
the fresh water environment. Plant remains like big stems, twigs, roots and
pollens with faunal remains of herbivorous animals without any human
activity suggest the submergence of forest. Presently, wild buffalo and gaur
are extinct from Bangladesh but their presence is reported from these areas
in district gazetteers of British period (Pawankar 2007 : 37-40).
In southern Bangladesh, early Muslim architecture flourished in Bagerhat
district town and Barobazar in Jessore district. In these two districts, Bagerhat
district is more vulnerable to sea level rise. In Bagerhat at least 10 Muslim
mosques and other architecture of 15th century are located. All of them are
very magnificent. Among the Mosques Shait gambuj (Sixty domed) Mosque
is the World Heritage Site. This site was inscribed as a World Heritage site in
1985. This is the largest sultanate mosque built by Khan Jahan Ali. The
mosque is made of bricks and decorated with terracotta plaques. Other
than the Sixty domed Mosque, Bagerhat has Nine domed mosque,
Ranavijaypur Mosque, Chunakhola Mosque, Singar Mosque, Bibi Begni’s
Mosque of Sulatani Period (14th–16th century AD). There is also Khan Jahan’s
residence and tomb in Bagerhat (Ahmed 1989). There are some more mosques
at Barisal, Noakhali and Pirojpur of later period (Ahmed 2006).

There is the archaeological evidence from the colonial period in the form
of brick architecture including the Zamindar’s (landlord) Palaces, temples,
churches, office buildings, etc. reported in a number of districts in southern
Bangladesh. However, detail information is not available regarding those
heritage monuments. Further research work leading to documentation is
necessary on such issue.
Important archaeological heritage sites in Southern Bangladesh are in danger
due to sea level rise the above mentioned. Gradual rise in temperature on
earth is increasing precipitation and humidity and this will result in heavy rain
fall. This could lead to excessive floods, river erosion, coastal erosion, ground
water rise, backwater effect, change in soil moisture and chemistry that would
bring hazard to cultural heritage sites.
Sea Level Rise will leave Impact on culture heritage:
1. Sea level rise could increase the backwater effect in the river system
especially in the major distributaries of Ganges and Brahmaputra. This
tends to push the saline water further inland and would change soil salinity.
2. Increase in salinity would have the adverse effect that would lead to a salt
problem. Due to efflorescence and corrosion of bricks, architecture would
deteriorate and get damaged.
3. During monsoon the increase of fresh water flow in the Rivers and the
backwater effect would result in a prolonged inundation of land. Prolonged
inundation would cause the dampness and vegetation growth on historic
monuments. It would also cause the infestation.
4. Changes in the soil moisture and chemistry would affect the unexcavated
sites
5. Increase in river and coastal erosions would affect the excavated and
unexcavated sites
6. Increase in frequency and intensity of cyclones and storm surges would
damage the erected historic monuments.
Therefore, all National and International agencies must come forward to
save the culture past. The heritage of Southern Bangladesh needs to be
preserved, conserved and documented with every minute detail.
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South Asia is a continent of rice. From Bangladesh to Pakistan and from
Nepal to Sri Lanka the people depended on paddy throughout times, paddy
means water. South Asian societies of the “second urbanization” are founded
on water management in the early historical period.

Fig. 1. The Site of Tissamaharama in Southern Sri Lanka
(map by H. Wittersheim).

To get an impression of the beginning of water management in an early
settlement I would like to present in all brevity some results of archaeological
fieldwork that were obtained in southern Sri Lanka. For almost 20 years the
Archaeological Department of Sri Lanka and the German Archaeological
Institute have been excavating in the citadel of Tissamaharama, the capital
of the ancient kingdom of Ruhuna (fig. 1).
Tissamaharama, like most ancient cities lies in the dry zone of the island
– even if a short look on the map or a view across the plain of Tissamaharama
seems to indicate the opposite (fig. 2). When travelling in the country one
comes across tanks everywhere and when the paddy is young a puzzle of
watered fields covers the plains. The kings of Anuradhapura and the sovereigns
in the provinces were eager to built tanks. More than 10.000 artificial lakes
were the foundation of a prosperous agriculture in ancient times. Most of
these tanks still exist or they have been rebuilt.
Droughts and floods were the every day struggle of the people for centuries
up to the present day. If it is too dry, the rice will not grow and the large
reservoirs in the mountains are almost empty. Every tourist, who travels in
the country before the monsoon season has faced power cuts. This happens
when water levels are not sufficient for the power plants. With the arriving
monsoon the hard and dry soil cannot soak the rain and the water has to be
channelled. The dependency on water – whether too much or too less –
goes without saying in Bangladesh, in India or in Sri Lanka.
The citadel of Tissamaharama borders on one of these tanks, the
Tissawewa. According to the ancient chronicle, the Mahavamsa, town and
tank were built in the 3rd century BC and some hundred years later the tank
had been repaired or rebuilt.
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Fig. 2. The ancient tank Tissawewa, surrounded by paddy fields and banana
plantations. The citadel of Tissamaharama is on its left (eastern) banks
(Photo H.Wittersheim).

Fig. 3. Ancient sluice at the Yodawewa, near Tissamaharama.

The ideal plan of the early Singhalese cities is square or rectangular. The
citadel of ancient Tissamaharama (or Mahagama, as it was called), is probably
the nearest to this ideal from all ancient cities on the island. In recent years
the plain around the Tissawewa is flat and covered with paddy fields or
banana plantations . From this plain rises a shallow and rectangular hillock,
the citadel. It is 600 × 200 m large and five to eight meters above the water
level of the tank.
In the neighbourhood three artificial lakes come next to each other:
Deberawewa – Tissawewa – Yodawewa. All three were connected through
channels since ancient times.

Today in the south of the island only a few constructions can be traced
from early historical water architecture, most of them are buried underneath
modern dams. At the Yodawewa, a sluice underneath a modern concrete
road, directs water to the fields even today (fig. 3) and only the wall of
another sluice has survived at a small channel north of the Tissawewa.
Traces of channels and ditches long out of use can be seen around the
ancient capital. These are related to early waterworks and directly north of
the citadel is the rest of a shallow dam. The related tank is dry nowadays,
however other sources of water have survived. The so called Queen’s Pond
at Tikiria Godane is only two kilometers away as the crow flies (fig. 4).
These days it is essential for a banana plantation and in times when the
watertable is down, the old brickwalls of the pond are also visible.
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At the ancient settlement of Galpaya, some 50 kms northwest of
Tissamaharama, is another early waterbuilding of the island’s South.
Archaeological investigations started only recently. The large tank of the
settlement is dry and has not been rebuilt in modern times. Traces of the
dam are visible and in the thick jungle are the boulders of a biskotuwa, a
traditional sluice (fig. 5).
The waterworks in and around the ancient capitals of Anuradhapura and
Polonnaruwa are better preserved. An impressive building is the large sluice
of the Giritale tank near Polonnaruwa (fig. 6). It probably was constructed
in the 10th century AD and has a sophisticated masonry with the slabs fitting
into each other to compensate for the pressure. Large ponds served as water
supply in the cities, of which the beautiful Twin Pond in Anuradhapura is an
outstanding example (fig. 7).
Fig. 4. Queen’s Pond at Tikiria Godane.

Fig. 5. Ruins of a sluice at Galpaya, northwest of Tissamaharama
(Photo H. Wittersheim).

The many waterworks from the early earthen dam of the Tissawewa up
to the Giritale sluice cover more than a millennium of sophisticated water
engineering in ancient Ceylon.
The ancient settlements had no shortage of water with large tanks nearby.
The water table was high for most of the year. Problems only occured, when
the monsoon did not bring sufficient rain.
Besides ponds the wells were the main source of water within the
settlement. They had a brick masonry or were built in an almost modern
way with hard baked circular terracotta segments on top of each other.
Only poor traces of these wells could be observed in the citadel of
Tissamaharama. But a square well made of bricks was found in the workmen’s
quarter in the south of the citadel. In front of it was a paving of potsherds
and tiles, as nobody wanted to stand in the mud. From time to time it was
maintained and rebuilt with bricks or pebbles (fig. 8).
The well was situated next to a street with a pavement of stone slabs. In
the excavation trenches we could follow the street for about 15 meters. This
street shows another advantage of the dams. It gives a direct connection
from the workmen’s quarter of the Citadel to Yatala Dagoba and Menik
Dagoba to its monasteries on the western side of the Tissawewa. It runs
across a small sandbank that is visible at low water in the southern tank.
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Fig. 6. Sluice at the Giritale Tank near Polonnaruwa.

Fig. 8. Square brick well with pavement in front at the Workmen’s Quarter of the
Tissamaharama Citadel.

Fig. 7. Twin Ponds at Anuradhapura.
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One problem is access to fresh water and likewise it is a large problem to
get rid of the waste water.
The ancient citadel at Tissamaharama suffered heavily by flooding after
downpours. Just to illustrate - so did we during the excavation (fig. 9). But
for us it was only a single rainy day.
In January of 2007 the town of Tissamaharama faced heavy flooding.
Many houses were damaged and – as the Citadel is on higher ground –
many people had to live for some time in tents and makeshift huts around

the excavation area. They returned to their dwellings only shortly before the
excavation commenced. The flooded town gave us a good insight, how the
ancient dwellings looked like during the rainy season. The water had to be
channelled but the settlers did not succeed every time.
The present investigation of almost 800 m2 near the western border of
the citadel displays a settlement of private areas and houses that belonged to
noble families from the 4th to the 1st centuries BC.
In the 2nd century BC two narrow streets joined each other in the centre
of the excavation area, their grey and muddy soils were easily to distinguish
from the red-brown areas of the dwellings. Long brick walls bordered both
lanes and enclosed properties of square or rectangular shape (fig. 10). Most
of the houses had brick foundations and wooden posts carried the roofs.
The narrow streets in the settlement were not only meant as pathways
but also served for funnelling rainwater down the slope. They were in fact
the main sewers of the community. The streets were on a lower level than

Fig. 9. Tissamaharama Citadel: A rainy day at the excavation, March 2007
(Photo H. Wittersheim).

Fig. 10. Tissamaharama: Living quarter of noble families in the Citadel,
2nd and 1st centuries BC (Photo H. Wittersheim).

The sandbank is in all likelihood the rest of a dam after the tank had been
rebuilt in the 2nd century BC. The first dam of the Tissawewa is further
north and these days it too is a sandbank. Potsherds can be picked up in
large numbers from its surface. The northern part of the Tissawewa is a
swamp today and probably always has been. Thus during the wet season the
high dams very well served as passages.

the living areas on either side. They must have been very muddy, even today
one notices a foul and unpleasant smell when excavating at the ancient
junction on a wet day. The settlers had placed several bricks as stepping
stones into the mud to improve the passage.
The ancient living compounds, although higher than the streets, were
affected by water. In some areas a sedimentation is indicated by a thin,
almost fluvial layers, followed by walking levels. When the level of the
courtyards rose due to the accumulation, the walls had to be maintained.
From time to time new lines of bricks were placed upon the old walls and
finally they served not only as borderlines of the property, but also as retaining
or terrace walls.
The walled areas remained unchanged and were looked after over a long
period of time. They are an indication of private property that was passed on
within the family for several generations.
Many shafts filled with pebbles and bricks were scattered all over the
excavation area. They were meant as drainage to allow the water to trickle
away more easily. Small covered channels directed surplus water from the
private areas to the streets (fig. 11).
The flow of rainwater in the pathways must have been considerable during
the rainy season and the settlers had to take care of their terrace walls. At
first the settlers built slender gutters of bricks along the walls and sometimes
later bricks or tiles are standing upright in front of the foundations to keep
the water away (fig. 12).
Finally, all precautions were in vain. The subsoil of the streets was too
muddy and due to heavy rain foundations dislocated and the walls leaned
towards each other, gave way and fell into the streets (fig. 13). As a last
resource, the families decided to leave the dwellings and they moved to
other places of the citadel.
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Fig. 11. Tissamaharama Citadel: square drainage shaft with small covered
water channel.

Fig. 12. Tissamaharama Citadel: Upright standing bricks in front of wall
foundations to keep the water away (Photo H. Wittersheim).
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Fig. 14. Tissamaharama Citadel: Urinal of the ancient hospital, 1st century AD
(Photo H. Wittersheim).

Fig. 13. Tissamaharama Citadel: Muddy street with water channel in front and
dislocated brick foundations in the background, 1st century BC
(Photo H. Wittersheim).
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The site was abandoned but not for a long time. After levelling, new
structures were built, but they did not belong to the living quarters. An
enormous amount of grinding stones and stone tables for herbal medicines
gave proof of a hospital area, the oldest one so far on the island. It is about
six to seven hundred years older than the well known hospitals of
Polonnaruwa and Mihintale.
The seasonal heavy rainfall did not affect the hospital as much as it affected
the dwellings a hundred years before. The hospital was set up on a higher
level due to backfill and levelling, a number of new sewers had also been
built, additionally it had small sewer channels.
I come now to the last topic with the hospital that is somewhat related to
water management within the settlement.
Urinals are a common feature within hospitals. After 600 AD urinals
consisted of large stone slabs, sometimes decorated. According to a preaching
of Lord Buddha, one should not release impure water. So all the urinals had
filters underneath the sink.
At Tissamaharama we uncovered a large toilet area directly at the lake at
a distance of about ten meters from the hospital (fig. 14). The earliest
installations obviously had no stone slabs. They were probably covered with
wooden beams. The filters, however, were the same as they were 700 years
later.
These filters consisted of a narrow pit and large pots placed on top of each
other with their bottoms taken out. Common filters had two to three pots
but others had up to five jars (fig. 15). They were filled with sand, pebbles
and lime, taken from corals. In the later urinals of Anuradhapura some of
the pots had a filling of charcoal. The pit and the filters were greenish
discoloured by the waste water.
When we see the large waterworks, the tanks and the well built sluices,
the drainage systems and the sophisticated filter pots one has to admire the
ancient ones of more than two thousand years ago for their high level of
technology.

Fig. 15. Tissamaharama Citadel: Urinal filter of five pots from the ancient
hospital, 2nd. century AD (Foto B. Krause-Kyora).

Claudia Nickel
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Fig. 1. Contour lines for the apparent uplift of Lambeck’s digitised model. Unit:
mm/year. From: Ågren/Svensson 2007 Fig. 2.15. http://www.lantmateriet.se/
upload/bilder/kartor/geodesi_gps_och_detaljmatning/Referenssytem/
Landhojning/NKG2005LU_stor.jpg
Jonas Ågren/Runar Svensson, Postglacial Land Uplift Model and System Definition for the
New Swedish Height System RH 2000. Reports in Geodesy and Geographical Information
Systems, LMV-Rapport 2007:4 (Gävle 2007). http://www.lantmateriet.se/upload/filer/
kartor/geodesi_gps_och_detaljmatning/Rapporter-Publikationer/LMV-rapporter/LMVRapport_2007_4.pdf

Water has always played an important role in human development as people
cannot exist without it and also have to protect themselves from it. There is
a wide range of different aspects in archaeology, which concern water. It
would be impossible to mention all aspects, as nearly all chronological and
cultural groups (from hunter/gatherers to inhabitants of structured cities),
different European landscape types (from desert to coast), different research
topics (settlements, graves, crafts, economy, transport, trade connections,
cult and religion...) are all dealing with water directly or indirectly. Also the
methods of archaeological fieldwork in connection with water can be
mentioned, i.e. researching features and objects in the water itself (underwater
archaeology). The specific preservation conditions under water allow research
in applied sciences as dendrochronology and archaeobotany. Further
Geographical Information Systems deal with the relation of the settlement
place choice (distance to water, access to water traffic lines etc.) in different
times. Applying these results on predictive modelling is – besides its scientific
value – very important for local archaeological services and the planning of
buildings and linear projects.
In the following, some of these aspects will be illustrated with examples
chosen from different European prehistorical periods.

Climatic changes and the postglacial rebound

During the
Ice Age, the ice shelf lay heavily on the land of Northern Europe1. Since its
melting (from 12.000 BC onwards) parts of Europe are permanently rising.
The coast line of Northern Europe was and is still changing today – some
areas are rising, some are sinking (fig. 1).

1

Jonas Ågren/Runar Svensson, Postglacial Land Uplift Model and System Definition for
the New Swedish Height System RH 2000. Reports in Geodesy and Geographical Information Systems, LMV-Rapport 2007:4 (Gävle 2007). http://www.lantmateriet.se/upload/
filer/kartor/geodesi_gps_och_detaljmatning/Rapporter-Publikationer/LMV-rapporter/
LMV-Rapport_2007_4.pdf – N. Brooks / J. Hall / R. Nicholls, Sea-Level Rise: Coastal
Impacts and Responses. Expertise for WBGU on Oceans and Global Change.
http://www.wbgu.de/wbgu_sn2006_ex03.pdf (Berlin 2006).

35

Fig. 2. Ancient coastline of the British Isles at 1000 year intervals. Source: I.
Shennan et al., ‘Modelling western North Sea palaeogeographies and tidal
changes during the Holocene’, in I. Shennan and J. Andrews (eds.), Holocene
Land-Ocean Interaction and Environmental Change around the North Sea
(Geological Society, Special Publications 166) London 2000, 299–319 Fig. 6.

Fig. 3. Reconstructed landscape of Mesolithic „Doggerland“, based on data of an
oil exploitation company. Source: http://www.spiegel.de/wissenschaft/natur/
0,1518,572906,00.html (Eugene Ch’ng, University of Wolverhampton)

The area of today’s North Sea was above water level in the Mesolithic (c.
8000 BC) and inhabited by semi-permanent settlers – the so called
Doggerland2 (fig. 2). In a recent project, seismic data from oil prospecting
companies gave the opportunity to observe an area which nowadays lies
several meters under water. A reconstruction of the area was made by using

a 3D game software. The result is a very lively reconstruction of a semipermanent hunter-gatherer site (fig. 3). Caused by climatic changes, the area
was eventually flooded and people had to move to higher areas. Nowadays,
artefacts and settlement traces can be found on the North Sea bed between
Germany and Great Britain.

2
Simon Fitch, We have been here before: Doggerland and the Impact of Climate
ChangeDoggerland Change (2008). http://www.britarch.ac.uk/conserve/Conference/
Doggerland_Climate_Change.pdf
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a
Fig. 4. Bronze Age rock art sites in Tanum, Bohuslän/Sweden.
Source: (a) http://upload.wikimedia.org/wikipedia/commons/3/3e/Tanumshede_2005_rock_carvings_4.jpg

b
(b) http://www.rockartscandinavia.se/se/bildarkiv_se.html

Fig. 5. Reconstruction of
Stone and Bronze Age pile
dwellings in the Museum of
Unteruhldingen, Bodenseekreis/Germany.
Source: http://commons.
wikimedia. org/wiki/
file:Pfahlbauten.jpg
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Due to sea level changes, prehistoric coastal sites are nowadays found in
a totally different topographic context. This has to be considered for their
interpretation. A good example are the rock art sites in Scandinavia, e.g.
Tanum in Bohuslän/Sweden (fig. 4 a, b), which at the time of their creation
in the Bronze Age were situated on the coast line, but nowadays are at about
25–30 m above sea level3. Other sites – e.g. coastal Stone Age settlements of
the so called Ertebølle culture in Denmark – were flooded by a transgression
of the sea. Typical for this culture are settlements with heaps of oyster shells,
mixed with mussels, snails, bones and bone, antler and flint artifacts, which
were evaluated as kitchen middens, or refuse dumps.
Settlements at the seaside The best example of waterfront settlements
are the pile dwellings from the Neolithic and Bronze Age in Switzerland and
southern Germany (fig. 5), which date from the fifth millennium BC onwards.
This typical (characteristic) form of settlement has been known since about
1850. In the progress of research, theories have changed with the interpretation
of the sites – whether the houses were built in the water, partly in the water
or near the waterfront – most likely it was a combination of all (fig. 6).
Importantly at underwater sites, things which are not normally preserved,
can be found. That means organic objects and wood. Those sites, that are
nowadays preserved under water, can only be investigated, excavated and
documented by diving, but some sites are preserved in humid soil and can be
excavated more or less like „normal“ sites, just with better preservation
conditions.
Man-made sea level changes In all aforementioned examples man
reacted to natural impacts and climate-indicated4 sea level changes or has
deliberately chosen special locations. In the next example, a prehistoric site
came to light through a man-made sea level change: the site La Tène, which
gave its name to the whole Late Iron Age in Central Europe. It is situated at
Lake Neuenburg/Neuchâtel in Switzerland5.
3

http://en.wikipedia.org/wiki/Tanumshede
See article of B. Merkel in this volume.
5
Museum Schwab (ed.), La Tène, Die Untersuchung – die Fragen – die Antworten. Die
Publikation zum Stand der Forschung und ihrer Geschichte (Biel 2007). http://
4

Fig. 6. Pile dwellings and the progress of research: 1854 F. Keller (Zürich) thought
that settlements were erected on a platform in open water. –1922 H. Reinerth
(Tübingen) supposed, the settlements were erected at the beach and were only
reachable by water at high tide. – From 1942 onwards O. Paret (Stuttgart) said, all
these theories were wrong and the settlements were erected on solid ground;
likewise said E. Vogt (Zürich) from 1953. – Modern science from 1970 on
proofed that a mixture of all these theories might be true: settlements on solid
ground near to the water, directly at the beach, and also on terraces or platforms
above the water. Source: Landesdenkmalamt Baden-Württemberg (H.
Schlichtherle, http://www.archaeologie-online.de/en/magazine/feature/
pfahlbauten_und_seeufersiedlungen/pfahlbauten_rund_um_die_alpen/tafel_1/).
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With the first systematic lowering of the Swiss lakes from 1868 to 1883,
the site became completely dry; so these man-made sea level changes had an
important impact on archaeological sites. In 1880, the wooden remains of
two bridges were uncovered, originally over 100 m long, that crossed a river.
Further excavations followed.
In all, over 2500 objects, mainly made from metal, have been excavated
in La Tène. Weapons predominate, there being 166 swords, 270 spear heads,
and 22 shield bosses, along with 385 brooches, tools, and parts of chariots.
Numerous human and animal bones were found as well – and human bones
showing cut marks! Most scholars today interpret the site as a place of sacrifice
after a successful battle (fig. 7).

Water and religion

Fig. 7. Reconstruction of the Zihl-bridge in Switzerland with celtic weapons and
offering goods. Source: Musée cantonal d’archéologie et d’histoire, Lausanne.

Not only bridges – as in the example of La Tène
– had a certain religious significance, but also fords, as important connecting
sites for trade and travel. For example, in the river Saône in France lots of
weapons were found from different prehistoric and historic periods. They
appear in clear concentrations at natural fords6.
Concerning religion, springs were of even bigger importance. An example
from Roman times of the river Seine in France shows how the “birth” of an
important river was honoured: A temple was built around the spring, and
offerings were sacrificed. A main find is the bronze statue of the goddess of
the river, Sequana, who is depicted on a ship7. Other inscriptions and offerings
show the importance of this holy site, and especially so are the wooden
statues found in the wet ground of the springs, which depict the pilgrims
themselves8.

www.nzz.ch/nachrichten/kultur/aktuell/la_tene_1.912461.html – F. Müller, Der
Massenfund von der Tiefenau bei Bern. Zur Deutung latènezeitlicher Sammelfunde mit
Waffen. Antiqua 20 (Basel 1990).
6
Louis Bonnamour/Annie Dumont/Stefan Wirth, L’Archéologie de la Saône – Von der
Erforschung vor- und frühgeschichtlicher Flußfunde zu einer „Archéologie fluviale“. NAU
8, 2001, 33–40. http://dendro.de/Unterwasserarchaeologie/Saone.pdf – L. Bonnamour/
S. Wirth, Die Saone. Ein Glücksfall für die Flußarchäologie in Europa. In: H.-P. Kuhnen

(Hrsg.), Abgetaucht, aufgetaucht. Flussfundstücke – aus der Geschichte – mit ihrer
Geschichte. Schriftenr. Rhein. Landesmus. Trier 21 (Trier 2001) 13–30.
7
See: http://www.source-seine.fr/ and http://www.musees-bourgogne.org/les_musees/
musees_bourgogne_gallerie.php?lg=fr&id=21&theme=&id_ville=11&id_gallerie=41553#haut
8
S. Deyts, Un peuple de pèlerins. Offrandes de pierre et de bronze des sources de la Seine.
Rev. Arch. Est Centre-Est Suppl. 13 (Dijon 1994). – S. Deyts, Les bois sculptés des sources
de la Seine. Gallia Suppl. 42 (Paris 1983).

Fig. 8. Martberg, Rheinland-Pfalz/Germany.
Map of the Celtic and Roman site on a
plateau mountain above the River Mosel.
Red: fortification wall; 1: temple site in the
centre of the area; blue circle: area of
excavated wells/cisterns in 2008.
After C. Nickel/M. Thoma/D. Wigg-Wolf,
Martberg Band 1: Der Kultbezirk. Die
Grabungen 1994–2004. Ber. Arch.
Mittelrhein u. Mosel 14 (Koblenz 2008).
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Fig. 9. Martberg, RheinlandPfalz/Germany. Feature 54, a 3
m deep well or cistern from
late Celtic times. Photo: C.
Nickel.

A very wide ranging chapter would cover the offerings from bogs or shallow
water areas, but this would lead much too far. Lots of famous features and
finds come from northern Europe, and a very important scientific source is
the preservation of whole human bodies, their clothes, hair style and so on9.

Water on the Celtic settlement of Martberg

Fig. 10. Martberg, RheinlandPfalz/Germany. Feature 55, a
2.5 m deep well or cistern from
late Celtic times, near to the
ground of the feature. The grey
traces show the decayed
wooden planks of the
construction. Photo: C. Nickel.

An example of
water supply for Celtic fortified settlements (in the words of emperor Caesar
in his book “De bello Gallico”: oppida) are some features which were
excavated in 2008 on the Martberg, Rheinland-Pfalz/Germany (fig. 8). The
site is a structured town from the last two centuries BC with an important
temple area, which developed in Roman times into a local religious centre
for the tribe of the Treveri10. The temple was in use until the beginning of
the 5th century AD. More than 10.000 Celtic and Roman coins were found,
thousands of ritual offerings such as weapons, fibulas (brooches), pottery
and so on. The question of water supply was a bit puzzling, up to last year.
The Martberg site is a slightly arched plateau, and just at the highest point
there were three features, which could be identified as structures used for
water collection as cisterns or wells11. All three were of different construction,
but similar age. One was a steep 3 m deep shaft, round with 1.50 m in diameter,
but with no apparent wooden installations (fig. 9). Just next to this feature was
a 2.50 m deep well with a larger inside and where the traces of a square
wooden box were discovered (fig. 10). From this feature, the remains of at
least five fibulas were found, possibly offerings. Fibulas, or brooches, are a
quite popular votive object in the adjacent temple site and all over the Celtic
and Roman world. Only 20 m further, a third well was situated, originally a
round wooden construction (perhaps a barrel?) and was surrounded by a layer

9
See as an overview: Bryony and John Coles, People of the wetlands. Bogs, bodies and
lake-dwellers (London 1989).
10
C. Nickel, Martberg 2008 – Grabung im spätkeltischen Handwerkerviertel (in prep.). –
C. Nickel/M. Thoma/D. Wigg-Wolf, Martberg Band 1: Der Kultbezirk. Die Grabungen
1994–2004. Ber. Arch. Mittelrhein u. Mosel 14 (Koblenz 2008).
11
It is not sure to decide whether the Celts collected rain water in the features or whether
there was an ancient underground water course. Today, no water came from below after
finishing the excavation, but chemical precipitations of mangan at the sides could indicate
the last option.
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Fig. 12. Martberg, Rheinland-Pfalz/Germany. Profile of Feature 2 with the
wooden well or cistern, the filter construction, the filling of the feature and one
of the ovens at the side. Drawing: S. Scholz.

Fig. 11. Martberg, Rheinland-Pfalz/Germany. Feature 2 with the pebble-layer,
which worked like a filter. In the middle are the black remains of a wooden
structure, which reached 0.5 m below that level (under the pebble-layer the
feature ended). Photo: C. Nickel

Fig. 13. Martberg, Rheinland-Pfalz/Germany. Planum 1 of Feature 2 with the
wooden well or cistern (blue), smaller pits (green) and remains of ovens.
Measuring/drawing: C. Nickel/S. Scholz.
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of pebbles. At the height of 0.5 m the feature widened to a diameter of 2 m.
Here, a thick layer of pebbles had the function of a filter or drainage (fig.
11)! The next meter was stuck with nearly sterile clay (fig. 12). In the filling
of the destroyed feature a lot of waste material was found – mainly pottery,
but also slag, animal bones, grinding stones, some iron tools and also some
fibulas. Interestingly there were there were some ovens (for melting metal,
or for pottery) around the big pit (fig. 13). Maybe this all belonged together
to one production or working site, where the craftsmen needed water for
their work.

Conclusion

Water is of enormous importance in prehistoric archaeology.
People in the past had to deal with a lot of problems about how to supply
themselves with water, but also to defend themselves against life-threatening
water, from the influence of climatic changes or other environmental impacts.
Surely, this is an explanation why water is connected to so many ritual and
religious aspects all over the world and through the ages.

Muhammad Mamtaz Uddin
Water Supply Situation in Bangladesh: An overview
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INTRODUCTION

If one watches Bangladesh from the sky it would
seem that a lack of water would be not the biggest problem of this country.
Water is the most influential factor in this country. Most of it was shaped
by two of the biggest rivers in Asia (Padma and Meghna), who crisscross
the country with thousands of their branches, before finally flowing into
the Bay of Bengal. On their way to the sea, the rivers provide Bangladesh’s
agriculture with its vital source: the fertile mud and filling the ground water
aquifers. During the rainy season the sky empties itself, bringing one of the
highest rainfall rates in the world. But the abundance of water is not only a
blessing to the country. The rain causes floods that take farmland and homes,
while the rivers and the sea contaminate the soil with arsenic and salt.
Besides the problems of nature, a growing industry and population have
negative effects on the quality of water. The water demand of almost 150
million inhabitants (BSS: Statistical Pocket Book of Bangladesh 2008) exerts
a lot of pressure on the ground water which the water supply system of all
of Bangladesh is based on. People need to drink, to cook, to wash. The
demand of water per capita and day has to be seen differentiated, due to the
fact of varying incomes of different parts of the population. A study, conducted in 2002 thus divided the population into four categories. “It was
revealed that the average consumption of piped water for domestic purpose by the high, middle, low and the poor-income groups were respectively 192, 129, 81 and 17 litres per capita per day (lpcd)” (Arif/Alam
2002). By way of comparison the overall average consumption of water by
German households and small businesses is seen at 126 lpcd in 2004 (Statistisches Bundesamt 2009).
Water-borne and diarrhea related diseases are still the main cause of
death – responsible for almost one quarter of all deaths (BSS 2008, Ibid.).
At the same time man is heavily involved in poisoning the water resources
mainly through agro chemicals in the rural sites and industrial contamination in the urban centers. Due to further growth of population, rapid
urbanization and industrialization of agriculture, the major challenge of
the country is (and will be even more in the future) the access to and the
quality of clean safe drinking water.

As drafted above, two main problems of drinking water supply exist in
Bangladesh: a shortage of ground water and the contamination of surface
and subsurface water. Both result from natural and man made reasons and
vary in different regions.

Natural affects on safe drinking water supply
Arsenic: the invisible bother One of the biggest natural threats in terms
of water quality is arsenic poisoning. With the beginning of independence
in 1971, the Government of Bangladesh undertook massive initiative to
install shallow hand tube well to provide safe water. In a bitter twist of fate,
once the access of safe water in Bangladesh reached a satisfactory level, the
detection of arsenic in the underground water in 1993 made it come down
to low coverage. According to the WHO guidelines the maximum value of
arsenic should be 0.01mg/l. In Bangladesh the acceptable limit of arsenic
is seen at 0.05mg/l. Although much effort has to be made to filter and to
decant the water, the present national status of arsenic contamination in
Groundwater of Bangladesh is still alarmingly high. Arsenic is found all
over the country (61 out of 64 districts). The most punished one is the
Chandpur district where some Upazillas are almost completely contaminated (DPHE).
Arsenic contamination of ground water has appeared to be a serious
public health problem. If arsenic is present in excess in the drinking water,
it has a toxic effect on the human body. When arsenic enters into the body,
parts of it are deposited in the skin, hair and nails where it is firmly bound
to keratin. Arsenic is of increasing concern due to likely health problems
stemming from it, ranging from skin lesions to cancer. Depending on the
accumulation of arsenic in human bodies, its toxicity can be divided into
acute and chronic toxicity. Chronic exposure to low concentrations is of
primary interest when the health significance of drinking water is evaluated. The clinical manifestations due to arsenic toxicity develop very insidiously after six months to ten years or more. Chronic arsenic exposure may
affect gastrointestinal tracts, circulatory system, liver, kidney, nervous system, heart. Once people have a toxic level of arsenic in their body, there is

little chance to cure it. To date there is no specific treatment for arsenicosis.
Discontinuing further intake of arsenic contaminated water and using arsenic free water for drinking and cooking purpose improves the cases but
can not totally eliminate the arsenic from the body. Provisions of nutritious
diet and anti oxidant vitamins enhance the recovery. Arsenicosis is often
wrongly attributed to sins in the current and or past lifetimes. The fact that
it is not immediately observable makes it difficult to avoid the consumption
of arsenic, especially for people living in an area with an anyway unsatisfactory state of water supply. Often people wrongly assume that a red shade of
the water is an indicator for arsenic poisoning. In fact this red shade is not
related to arsenic but shows the presence of another concern to the people
of Bangladesh.
Excessive dissolved iron Similar to the arsenic problem, the occurrence
of iron in the water is caused by geological factors, like iron rich soil and
rocks. The consumption of excessive dissolved iron through water weakens
the strength of hair and teeth. The maximum permissible limit of Iron is 1
mg/l. An amount of 5mg/l is seen as acceptable in rural areas due to a lack
of alternatives of iron free drinking water. Two studies conducted with the
help of GIS showed that at least one fifth (Hossain/Huda 1997, p.172) of
the area of Bangladesh contains iron contents of more than 5mg/l with
peak levels in Narayanganj and Khulna region. However, shallow acquifers
containing iron content well beyond acceptable limits are common all over
the country. Most people are reluctant to drink water with excessive iron
due to its bad taste and odor, but are also left without choice in particular
places.
Threat from the sea: salinity In the coastal belt in the South the concentration of dissolved minerals in the ground is pervasive. In this area the
hydro geological condition is complex and adverse compared to other parts
of the country. Especially in the dry season, water from the sea pushes
landwards and increases the salinity level in the area. Potable water is not
found at shallow depth. The surface water as well as shallow aquifers are
often polluted by salinity beyond a permissible limit. To get safe drinking

water people have to drill into deep water layers in patches up to a depth of
300 meters. With the expected sea level rise the problem of salinity might
create an even worse situation due to a more intensive intrusion of salty sea
water. Due to a lack of fresh water floating down the rivers and the
overexploitation of deep acquifers the coastal area is facing regularly serious
drinking water problems.
Shortage of water in hilly areas The hilly areas (Chittagong Hill Tracts,
Barind area) the water crisis is even worse compared to the rest of the
country. It is difficult to install tube wells by conventional drilling system
due to hard rock formation lying in the underground. There is no universal
technology which can be easily promoted and used in these areas. Therefore
the access to drinking water is quite difficult for the scattered settlements
characteristic for the Chittagong Hill Tracts. It is estimated that only one
third of the population has access to safe drinking water (NGO Forum).
Instead of tube wells, the use of hilly holes, cracks and ditches made at the
bottom of the hill, riverbanks, springs and streams as source of drinking
water is common. But the quality of this water is way beyond the safe level
for human consumptions (NGO Forum).

Man created problems
Pollution and lowering of water table Today a considerable area in
Bangladesh faces scarcity of water within suction limit during the dry season.
Although the seasonal decline of water tables is basically a natural process
it declines even more because of over-exploitation of groundwater for
irrigation purposes. On the rural sites, where the drinking water supply is
mostly based on shallow hand pump wells, this means that the decline of
water table renders the primary source of drinking water inoperative.
To meet the food demand of a growing population, the agriculture is
expected to be widened even in the dry season. At the same time this will
push down the water table even more. The potential of the rivers to compensate this decline gets disturbed due to siltation, pollution and controlling of water flow during the dry season in the upstream by the neighbor-
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ing countries. Only one river has its source within the country, so the water policies of India, Nepal or Bhutan determine the state of water resources
in Bangladesh. Without regional cooperation, no proper water management
will be achievable in Bangladesh and it will continue to pay the price for
the mistakes of its neighbors.
However, enough mistakes in terms of water management are made downstream as well. More and more chemicals are used excessively to push the
crop production. Eventually, those agro chemicals and pesticides feed into
the rivers as well as into subsurface layers without any treatment, and thus
worsen the quality of drinking water.

and other water bodies around the cities are just dried and filled up for the
construction of buildings, roads and sewerage, all decreasing the infiltration
of the rivers. Inefficient governmental organizations are unable to manage
supply and treatment of water due to a huge lack of skilled, motivated staff
and adequate financial and technical equipment. City Corporations and
Pourashavas (municipalities) still rely on central departments for design,
construction and management of water systems. But in fact they are not
even able to control the amount of water that flow out of the pipes. In most
Pourashavas there is no metering system of water use and widespread
corruption can not prevent the illegal divert from the pipes.

Urbanization In terms of pollution and shortage of drinking water the
situation becomes more intense in urban areas. The ongoing rapid urbanization process does not seem to stop for the next decades. It is expected by
2025 that in the greater Dhaka region alone, about 30 million people (Islam/Shafi 2008, p.13) try to find a place to live.
Like in the rural sites, the urban areas exploit the ground water aquifers
to meet the demand of drinking water, effecting a lowering of water tables.
People of secondary cities rely on tube wells (both manual and mechanical).
But a lack of adequate (appropriate) sanitation solutions causes heavily pollution of water layers and rivers with both industrial and human waste.
Since the surface water and the shallow layers are totally contaminated or
exploited, the cities drilled tube wells into deeper aquifers. In the process
the water table is declining and due to inadequate drilling technology polluted
water is entering even the deepest layers. Due to this process, tube wells
are rendered inoperable. Thus it is obvious that the further exploitation of
ground water cannot be the solution for the future.
Rather the surface water should be used, as most of the cities are located
next to river banks anyway. But instead of improving the quality of surface
water, an increasing industrial development is polluting the rivers with more
effluent. Also the management of solid waste is far off proper performance
with negative effects on the quality of surface water. Additionally rivers

The case of Dhaka Dhaka city is surrounded by Buriganga, Shitalakya,
Turag and Balu rivers which help to recharge the ground water. Since the
rivers and the water bodies around the city are drying up and filled up for
future extension of the city, the water level is declining. Every year the
water level is declining with an alarming rate, hampering the water supply,
sanitation and health system. In 1996 the water table was at 26.6 meters,
which in January 2008 was found to be at 60 meter (Mr. Jahangir Kabir
Nanak, MP, Ministry of LGRD & C World Water Day seminar at 22 March,
2009). Every year the water level is declining at a rate of more than 2
meters. Thus two thirds of the tube-wells in greater Mirpur are already out
of order. Furthermore due to commonly occurring power-cuts many of the
mechanical deep tube wells can not work constantly. The Dhaka Water and
Sewage Authority (DWASA) only provides about three fourth of the City’s
water demand (The Independent 24 April 2008). Often, leakages are
observed in the distribution pipe and when the pipe is emptied during off
hour or during the power-cuts when the tube wells are not pumping. The
result is that waste water enters into the pipe and contaminates them.
In fact the situation of drinking water supply in Bangladesh especially in
the urban areas is alarming. At the same time an ongoing decline in terms
of water quality is coupled with an increase of demand for safe drinking
water. Huge effort has to be taken to tackle this challenge.

CONCLUSION

Safe, reliable and affordable access to water supply is
the prerequisite for survival of man. But the source of water is going to be
scarce day by day. Beside this, a toxic element named arsenic is found in
groundwater, the most reliable water source of our country. The water
table is declining; the rivers are drying up, the river water is becoming
unfit for human consumption by industrial effluent and agro chemicals.
To meet the present as well as future demand of water, long term planning
and implementation should start now. Long term planning and legislation
is needed to make use of rain and surface water. We should stop filling the
rivers, discharging the industrial effluent directly in the rivers and unplanned
use of agro chemicals. We should go with appropriate technology for each
area of the country, at the same time dependency on ground water should
be decreased. This will help to recharge ground water and minimize overexploitation of groundwater for irrigation purpose. To save the country from
the forecasted water crisis, the government agencies as well as NGO and
private sector operators should implement their water projects in compliance
with existing sector policy and laws.
Major importance should be also given to the poor as they do not have
the means to cope with and overcome the obstacles that prevents the access
to safe and reliable services. So far, The GoB’s positive and decisive role in
formulating and ratifying sector policies and strategies has made significant
changes in terms of water supply. The National Policy for Safe Water Supply
and Sanitation 1998 has brought the major stakeholders to one uniform
implementation strategy.
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Introduction

Human settlements whether rural or urban are the physical manifestations of a people’s cultural achievements and these display
genius in their capacity to adjust with the natural environment. Human
settlements are also the products of interactions of socio-economic factors
on the one hand and the physical and natural environmental factors on the
other (Islam, 1998).
Human settlements originated in this region at least 5000 years ago and
cities some 2500 years ago. The fertile land and the agreeable climate of
Bangladesh have supported a large population since ancient times. The population of the area in 1700 AD was 14 million and increased to 29 million in
200 years and then to 123 million in 2001, in the next 100 years. The
present population in the country is over 140 million and the density the
highest in the world. Bangladesh being a rural agrarian country most of the
population lives in over 85,000 village settlements. Only 25 percent of the
population (about 35 million) live in some 522 urban centres whose population range from below 5000 (for small upazila headquarters or market
towns) up to 14 million for Dhaka Megacity. A small country of 147,000
sq.kms, Bangladesh has 93% land, water 7% of its surface. The country has
wide access to the sea, the Bay of Bengal, and coastline of 580 Kms. The
waterway within the country is 8376 kms.
The people of Bangladesh region have only been urbanized for a few decades. Their rural origin and socio-cultural tradition has a deep rooted connection with nature and water. Yet tremendous population pressure on limited land has caused destruction of nature and depletion of water area is the
country as a whole. The historical aspects of settlements growth, pattern of
distribution the nature of rivers and relationship with the settlements both
rural and urban is briefly explored in this article. The impact of water related natural disasters, pollution etc. on human settlements is also discussed.

Pattern of Water and Human Settlements Development in
Bangladesh Human settlements in Bengal have an antiquated history.
The present vegetation cover and landscape indicate several millennia of
human activity and interference, and have derived their character from the
pattern of human settlements and agriculture. The land elevation pattern of
Bengal acted as an important factor in the initial stage of settlement devel-

opment in the area, since the greater part of the riverine, wet and low-lying
plains originally consisted of forest and marshes which were unfit for habitation even in the prehistoric period. As late as the Mughal period, much of
the Gangetic plain was under forest, human occupation was quite slow to
penetrate into such lands. Thus, relatively older and elevated areas were
thought to be the places of early human occupancy in Bengal.

The river system, the most characteristic physical feature of Bengal played
a dominating role in the development and expansion of settlements. Major
pockets of human settlements existed along the fertile valleys of agricultural value. There is evidence of some sporadic settlement in the Gangetic
plain in a number of river valleys throughout the ancient period. River
valleys along the natural levees have the most agricultural potential because of the regular renewal of soil there, and human occupancy followed
the natural levees. In the past rivers were the main modes of communication. Some renowned commercial and port cities like Ganges and Tamralipti
were located on the bank of the river Ganges and the Bhagirathi respectively. The sudden shift of the course of rivers and drying up of river channels caused the death or decline of many settlements.

The dated history of Bengal began only from 326 BC and it was found
that different factors influenced the spread of human occupancy and settlement distribution in this region. Initially Bengal was an isolated and sparsely
settled landmass and divided into a number of natural divisions caused by
numerous rivers and levels of land. As such, the broad river interfluves
perpetuated many independent kingdoms and settlements. These were isolated for quite a long time because of the presence of natural barriers such
as rivers, hills and dense forests.
The Ganges was the dividing line between the north and south Bengal
delta. The Brahmaputra, flowed along its older course, east of the present
channel (until the late 18th century), and the Barind was linked with the
Madhupur Tract. The Karatoya3 was a big river flowing directly into the
Bay of Bengal. The Punarbhaba and Karatoya served as the routes for the
Silk and Muslin trade between Bengal and China. In the southern deltaic
part of the country, the lower Ganges and its distributaries played a significant role in the development of human history in subsequent periods.
With the emergence of the Padma as the main course of the Ganges, the
agricultural and accessibility potentials of this part of the country increased
and encouraged people to settle there. But this river was also noted for its
devastating effect, causing floods and river erosion that also led to the decline of many settlements. However, most of Jessore, Kushtia and part of
Khulna were above flood level and were habitable. It is known that the
Sundarbans tidal forest extended up to these areas and later shifted south
because of the rising level of land due to southern expansion of the delta
building activities by the Ganges as well as the impact of human interference.
Expansion of agriculture and extension of new lands created new settlements in the flooded fertile land of east and south Bengal. In subsequent
times, settlements in these areas became increasingly dense. Dhaka and
Sonargaon developed as the political and economic centers of the whole
region. At the beginning of British rule, about 40% to 50% of the total area
of Bangladesh was occupied by settlements the rest was mainly under forest
cover and marshes. The traditional populated areas such as the river valleys
or plain lands were sometimes abandoned due to famines, epidemics or social
insecurity. As such they were again resettled and Bengal steadily became populated and land was brought under agriculture and human settlements.
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River valleys have been important centres of civilization, they provided
travel routes, and their alluvial soils form good agricultural lands. Navigable
rivers are important in commerce and have influenced the location of cities. In Bangladesh, almost all the major cities/towns and commercial centres are located on the banks of rivers4 and geographically the entire southern side of Bangladesh is covered by the Bay of Bengal.

3

Periplus (68 AD) noted that Karatoya was a mighty river with busy marine traffic.
For ex., Dhaka on the bank of Buriganga, Narayanganj by the side of Shitalakshya,
Chittagong by the side of Karnafuli, Khulna by the river Rupsha, Rajshahi on the bank of
the river Padma and Mymensingh by the side of Brahmaputra and so forth.
4
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The economic and political interests of the colonial power had a significant impact on interregional population transfer and settlement expansion.
Till the end of the British Rule this part of Bengal remained a rural agrarian
society. From 1951 towns and cities started to grow rural and urban settlements could be identified separately. In the Pakistan period (1947–1971)
the urban population increased by 3.72 percent. However in the post liberation period population increased so much that during 1981 the annual
growth rate was 10.66. Table 1 below shows the growth of urban population over a hundred years.
Table 1: Inter-censal Growth of Urban Population, 1901–2001
Census
Year

Urban Population
(Number)

Inter-censal Variation (%)

Ann. Growth Rate
(%, Expon.)

Urban Pop. as
% of total Pop.

1901
1911
1921
1931
1941
1951
1961
1974
1981
1991
2001

702035
807024
878480
1073489
1537244
1819773
2640726
6273602
13228163
20872204
28605200

14.95
8.85
22.20
43.20
18.38
45.11
137.57
110.85
57.79
37.05

1.39
0.85
2.00
3.59
1.69
3.72
6.66
10.66
4.56
3.15

2.43
2.55
2.64
3.02
3.66
4.33
5.19
8.78
15.18
19.63
23.10

Map 1: Major Urban Centres
Map 2: Level of Urbanisation in Bangladesh
Source: Centre for Urban Studies (CUS), Dhaka

Source: Cluster City Development, CUS.

Table 2: Hierarchy of (Rural and Urban) Settlements in Bangladesh 1981
Settlements
Size Category (Population)
Number of Centres

The major urban centers and level of urbanization of the country as a
whole is shown in Map 1 and Map 2.

Urban Settlements

The tremendous increase of migration from rural to urban areas brought
about drastic changes in the pattern of settlements. Rural to urban changes
began and the number size of urban settlements increased along with population. In 1981 human settlements in Bangladesh comprised of 85,650 villages (Chowdhury in UNESCAP, 1985) located in over 60,315 mauzas5
(BBS, 1989) and 491 urban centres of various hierarchical size categories
ranging from population below 5,000 to over 7 million (Table 2).
5

Mouzas are revenue villages. A Mouza may consist of one or more village settlement.

Rural Settlements

1: 1,000,000 and over
2: 100,000 – 999,000
3: 50,000 – 99,999
4: 25,000 – 49,999
5: 10,000 – 24,999
6: 5,000 – 9,999
7: Less than 5,000
Total Urban Settlements

2
11
23
46
117
129
163
491

8: Villages (with more than 50 households)
65,487
9: Hamlets (Villages with less than 50 h.)
20,163
Total Rural Settlements
85,650
Source: N. Islam, Human Settlements and Urban Development in Bangladesh.

Water and Relationship with Rural and Urban Settlements
Among the physical environmental factors that have profound significance
in the existence of settlements is the presence of Water, Ponds, Rivers, and
Oceans. These have influenced the pattern of rural and urban settlements.
In rural settlements the dependency on natural sources of water caused
villages and homestead clusters to form and grow alongside rivers.
Settlements developed on recent delta in later periods and spread in
stages with accretion of new lands and receding of some areas to the South.
But settlements have been unstable as a result of shifting of channels of the
Ganges-Brahmaputra systems. The major rivers and their sub-basins separated population groups and thus the settlement units from each other.
These divisions have brought differences in local culture, tradition, lifestyle
and wide variation in dialect.
In the past due to various geographical reasons, Bengal was an isolated
and sparsely populated landmass. Also it was divided into a number of divisions caused by numerous rivers and levels of land. The spread of population and their distribution followed the navigable river channels. They offered fertile soil for farming and were the main means of communication,
facilitating trade and commerce in those days. Map 3 shows the river system, which is the pride of Bangladesh. Its rivers are one of the largest
networks in the world with a total number of about 700 rivers including
tributaries, which have a total length of about 24,140 km. They consist of
tiny hilly streams, winding seasonal creeks, muddy canals (khals), some
truly magnificent rivers, their tributaries and distributaries. In some places,
such as Patuakhali, Barisal and Sundarbans area, the watercourses are so
plentiful that they form a veritable maze. The watercourses of the country
are obviously not evenly distributed. They increase in numbers and size
from the northwest of the northern region to the southeast of southern
region. Bangladesh has predominantly four major river systems - (1) the
Brahmaputra6 -Jamuna, (2) the Ganges-Padma, (3) the Surma-Meghna and
(4) the Chittagong Region river system.

6
Brahmaputra is the 22nd longest (2,850 km) and the Ganges is the 30th longest (2,510
km) river in the world.
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Forms of Rural Settlements In a regional or national scale rural settlements are distributed in a pattern whereby the villages are manifested in
their spacing, density, pattern and forms governed by physical, socio-economic, cultural and functional parameters.
The location and formation of villages in Bangladesh are largely dependent on the natural features of the landscape, among which the presence of
water is a major factor. Villages in riverine parts of the country follow the
natural levees above flood level. Rivers remain the main means of commu-
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nication for hundreds of years, the source for irrigation and also for everyday domestic use. Rivers of the country in general have given shape to
linear villages in many areas.
The physical environmental factors, particularly the presence of the rivers and ponds and nature of topography largely determine the pattern of
rural settlements. Pattern of rural settlement may be defined as spatial arrangement of groups or clusters of individual houses/homesteads (or Baris),
along with associated land uses like kitchen gardens, orchards, man made
ponds etc. Rural settlements in Bangladesh are identified in three major
patterns all of which include water as an important element;
. Nucleated (or clustered or agglomerated) settlements (or villages):
Nucleated settlements are the ones in which homesteads group together
around a nucleus, such as a pond or around the house of a village influential, or a mosque. A compact nucleated settlement generally assumes a regular form roughly close to a square or rectangle or a circle.
. Linear settlements (or villages): Linear settlements have grown along
the rivers and roads in many parts of Bangladesh. Natural levees of rivers
have been particularly suitable for linear settlement development. These
are formed; on one side of the river (in the active delta region) or on both
sides of the river (in the barind, moribund delta region or in areas where
river bank erosion is no longer active). These are also found in Chars of the
Padma or the Jamuna (sometimes nearly one kilometer long) and Coastal
plains of Chittagong.
. Dispersed settlements (or scattered small clusters): Dispersed or scattered settlements are typically found in the fertile flood plain where heavy
inundation takes place during the rainy season. Land tenure and land holding pattern have encouraged people to build isolated homesteads close to a
piece of land they own. People build their houses by raising the homestead
land with earth generally by digging a pond. Communication is easy by
boat but generally during the rainy season. These are also common and
typical in off-shore islands.
In all the above patterns the interplay of water and settlements form the
pattern of life and livelihood intertwined.

Form and Spacing of Urban Settlements The form of urban areas are
also greatly influenced by topographic features where rivers, canals, wetlands
and ponds play a dominant role. For example;
. Dhaka city has expanded mostly in the northern and north-western direction (because of scarcity of sufficient flood free land), giving rise to a rather
irregular and amorphous shape of the city.
. Chittagong city has developed rather thinly in the central part and expanded northward (because of the hills in the central area) the river and
ocean on the south.
. The form of Khulna or Rajshahi remained mostly nuclear also, conditioned
by the existence of a major river on one side.
For all these cities, urban development took place mainly on one side of
the river. Only construction of bridges across the rivers are changing the
forms of these cities in recent times. Population pressure and topographic
condition forces government and the people to spend enormous resources
to fill in the ‘holes’ (depressions and derelict ponds) for the purpose of
urban development. This practice then continues filling up of canals, river
beds and wetlands to make more land available for building purpose. As a
result the rivers, wetlands, canals in our cities are being filled up by unplanned development. Today continuous degradation of the environment is
prevailing in Dhaka and all major urban centre of Bangladesh.
Shortage of land supply and haphazard settlement growth has two adverse affects (a) unbearable density in some areas up to 3000 persons per
acre and (b) unplanned use of land. There is also an ecological imbalance,
as natural water bodies and wetlands are being filled up. These canals and
wetlands reserved as natural drainage and water retail areas. Due to their
indiscriminate filling up today Dhaka and all the major cities face tremendous water logging in the rainy seasons. Low income settlements in the
urban areas mostly live in the following areas where high density of population creates severe sanitation and health problems. This problem is aggravated during flood season, when these marginal settlements go under water. All urban settlements in Bangladesh lack open spaces and water bodies
which are essential components in sustenance of human settlements and
reduce the overall quality of life.

Water as an Essential Element in Human Settlements Human beings
need water for consumption in everyday life as well as so many other purposes. Water is essential to life yet it is not recognized as a basic human
right. Water is essential for all production i.e. agriculture, industry, commerce, habitation. Water is part and parcel of urban life and settlements.
Historically settlements have thrived or died with rivers. The lists of benefits from Water to Human Settlements are: (i) Source of Food and Natural
Resources (ii) Communication (iii) Irrigation and Agriculture (iv) Domestic
Water Supply (v) Industry and Commerce and (vi) Hydropower. The use of
water as a source of recreation should also be emphasized.
Sources of water in rural and urban areas are surface and ground water.
For surface water river and ponds are common sources. But pollution in
rivers have increased so much that these water are no longer healthy. People therefore have to use ground water extraction which is again causing
various health environmental and geological problems. Arsenic contamination today is one of the major problems affecting ground water in all of
Bangladesh.
100 years ago, there were 1200 rivers in Bangladesh. At present the
number is 230. Among them 100 rivers are almost dying. Navigation is
possible in the existing rivers only during the rainy season, otherwise not.
We should think about how we can navigate these 230 rivers. As we are
talking about the depletion of underground water, water reservoirs, riverskhals-bills-lakes, which are our natural reservoirs, should be preserved.
Government should have a principle to protect these reservoirs. There is a
law of the government for the well plan protection of natural reservoirs.
But this law is not obeyed. Steps should be taken to compel people to obey
this law. In the past, there was a reserve pond in Zila Parishad 7, no one
took bath in that pond. That pond was used only for drinking water. Reserve ponds have been getting destroyed due to lack of responsibility. They
also served as water catchment areas during the rainy seasons. There are
three major sources of water for use in settlements:

7

District Council

Surface Water Rivers, lakes and man made reservations are the main
sources of surface water abstraction. Bangladesh, as we know, has only one
important reservoir (namely the Kaptai Dam reservoir). Bangladesh however has hundreds of small, medium and fairly large ponds and dighis or
lakes serving as water reservoirs.
Ground Water Ground water is available in significant quantities in all
areas of Bangladesh. Though there is abundant rainy season recharge yet
due to high density of population in the urban areas particularly in Dhaka
and the major cities water level are fast receding8 .
Rain Water Rain water is a constant source of fresh water. It accumulates
in the surface water bodies or percolated in ground. Some countries have
practice of rain water collection at consumption points – domestic or otherwise. In Bangladesh the practice of rain water harvesting is still not popular.
Relation between man and water is very intimate. Human interference
has endangered the balance to the extent that often rivers, oceans pose
threat to human settlements. Agenda 219 , at the General Assembly of the
United Nations in December 1992 is related to Water and includes seven
sectors: (a) Integrated Water resources management (b) Water Resources
Assessment (c) Protection of Water Quality (d) Drinking Water Supply and
Sanitation (e) Sustainable environmental development (f) Water for food
production and rural development (g) Impact on climate change.

8
According to Water Development Board, the ground water table in upper aquifer currently goes down by 3.5 meters every year. In 1990 the rate was only 0.33 meters.
9
Agenda 21 is a comprehensive plan of action to be taken globally, nationally and
locally by organizations of the United Nations System, Governments, and Major Groups
in every area in which human impacts on the environment. Agenda 21, the Rio Declaration on Environment and Development, and the Statement of principles for the Sustainable Management of Forests were adopted by more than 178 Governments at the United
Nations Conference on Environment and Development (UNCED) held in Rio de Janerio,
Brazil, 3 to 14 June 1992.
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Disaster: Water and Settlements
Flood Almost every year floods occur in Bangladesh but the intensity and
the magnitude of floods vary from year to year. In some year floods occur
locally and in others it encompasses vast areas of the country. Floods of
1987, 1988 and 1998 were extensive in extent and colossal in terms of
destruction. As much as three fourths of the country was affected in 1998.
Floods cause enormous economic loss to the country destroying its infrastructures and the standing crop. The effect of flood is very big as it occurs
both in rural and urban areas simultaneously. The impact on the poor people is extreme.
Types of floods due to water includes Natural floods, River flood, Rainfall flood, Flash flood, Tidal flood, Storm surge floods are regularly affecting
human and settlements.

River erosion River erosion is another kind of water related disaster affecting those living alongside river bank settlements. It is a silent natural
calamity that occurs every year at the onset of the monsoon, causing limitless suffering to large numbers of people and settlements. Rivers devour
human habitats, markets, schools and colleges, mosques, churches, temples
and huge chunks of cultivable land. People owning houses, cattle and paddy
become paupers overnight, losing everything in the river erosion. Disappearance of areas due to river erosion is a common phenomenon during
monsoon periods in Bangladesh.
Pollution: Water and Settlements Settlements devouring up rivers are
portrayed everyday by the media. Increasing number of human settlements
are gradually occupying wetlands and river beds. Buriganga of Dhaka city
which attracted the people once to settle on its bank and flourish through
commercial and business activities is almost non-existent caused by siltation
and filling up. Important rivers like Turag and Balu are also being grabbed.
The problem of water pollution is causing indisputable harm as most of the
rivers and water bodies can no more serve the purpose of supplying water
for domestic use. The three surface water treatment plants10 of WASA cannot function properly as the pollution level in the rivers Balu, Shitalakhya,
Turag and Buriganga is so high that the water is beyond treatment.

Because of careless and senseless human activities, rivers now contain
many bacteria from human waste and other harmful effluents11 thrown in
the rivers. To make things worse supplies of fresh water that might dilute
the sewage are dwindling in many areas. Almost 90 per cent of the population of Bangladesh have now become victims of river pollution. Cities, towns
and villages alongside rivers, cannot use the river water for indiscriminate
disposal of pollutants there. Most shocking, even if the alarm bells are ringing the governments and the public in general are apathetic to the problem.
Demand of Water and Sustainability of Human Settlements Bangladesh, once considered a country of abundant water resources or otherwise
known as a country of rivers, haors and baors — is now facing acute water
crisis and also seasonal flooding.
Groundwater in Dhaka city is depleting alarmingly as the water supply
is mostly dependent on groundwater. Current demand of water in Dhaka
city is more than 200 crore liters per day while WASA has the capacity to
produce up to 180 crore liters. Of the total water demand, 83 percent is
being met by underground sources using 491 deep tube wells12.

10
About 17 percent of water is supplied by three surface water treatment plants in and
around Dhaka using water from the adjacent rivers.
11
An estimated 90 per cent of sewage in the world is discharged into rivers, lakes and
seas without any treatment.
12
There are also around 2000 privately owned deep tubewells of various capacities in
the city running without any monitoring. In Tejgaon, Khilgaon, parts of Banani and
Mirpur the ground water table is more than 70 metres below the surface. The level
varies in different parts of the city depending on the population density and water consumption rate.

Water crisis now-a-days is a global a phenomenon. Severe water crisis is
hitting almost two thirds of the global population. Water experts have
sounded alarm that within next 25 years, half of the world’s population
could have profound trouble in finding enough fresh water for drinking and
irrigation. Currently 40 per cent of world’s population living in at least 80
countries are subject to serious water shortages. In Bangladesh rivers and
lakes are drying up due to siltation, most rivers have changed their original
course because of obstructions such as unplanned dikes and sluices. New
tanks, lakes and reservoirs in any part of Bangladesh have not been excavated during the last one century. Lastly the rivers have either dried up or
the contained water has been dangerously polluted. The emerging water
crisis shortage13 and flooding in Bangladesh, along with India, Pakistan in
the Asia region other than Africa, Latin America and the Caribbean, are
the most worrying problem for the new millennium.

Planning for Nationwide Settlements and Conservation of
Water In conclusion it may be said for the poor to meet basic needs is the
first priority, where water is a primary need among others. It is only when
basic services are provided together in combination that improvement in
quality of life begins. In a small and populated country like Bangladesh
much effort has to be given for careful planning of urban and rural settlements to make best utilization of its land and water resources. The task is
gigantic and need for such programme is very urgent. It is the expectation
of all that Government will take steps immediately for a comprehensive
water resources management Plan for all and deal with these in an integrated and holistic manner.
The seven challenges of The Hague Ministerial Declaration of March
200214 are very appropriate for adoption in Bangladesh and incorporation
into the National Water Management Policy is reproduced below:
i. Meeting Basic Needs to recognize that access to safe and sufficient
water and sanitation are basic human needs and are essential to health
and well being, and to empower people, especially women, through a
participatory approach to water management.
ii. Securing the Food Supply to enhance food security, particularly of the
poor and vulnerable, through more efficient mobilization and use, and

the more equitable allocation of water for food production.
iii. Protecting Ecosystems to ensure the integrity of ecosystems through
sustainable water resources management.
iv. Sharing Water Resources to promote peaceful cooperation and develop synergies between different uses of water at all levels, whenever
possible, within and, in the case of boundary and trans-boundary water
resources, between states concerned, through sustainable river basin
management or other appropriate approaches.
v. Managing Risks to provide security from floods, droughts, pollution
and water-related hazards.
vi. Valuing Water to manage it in ways that reflects the economic, social,
environmental and cultural values for all its uses and to move towards
pricing water services to reflect the cost of their provision. This approach
should take account of the need for equity and the basic needs of the
poor and the vulnerable.
vii.Governing Water Wisely to ensure good governance, so that the involvement of the public and the interests of all stakeholders are included
in the management of water resources.
In Bangladesh 80 percent of the population are dependent on agriculture and there is an increasing need for technology to increase efficiency
for the management of water supply. For example, circular waterway with
enhanced navigability can reduce Dhaka’s traffic jam, resolved Dhaka’s water
logging problem and help improve environment. Urban experts find the
circular waterway is a crucial need for Dhaka. But, the initiative remains
ineffective due to poor planning, approval and budget constraints.

13
The year 2003’s theme for the World Environment Day was: “Water — two billion
people are dying for it”.
14
Ministerial Declaration of The Hague on Water Security in the 21st Century.
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Measures to Meet Demand for Water: Easy to adopt technologies that
may be adopted to meet the demand for water in urban and rural settlements are:
. For rural areas maintenance of canals, and community ponds, which
are traditional sources of water, should be taken up to meet the need for
domestic water, at least during dry seasons.
. Harvesting of rainwater a popular practice in many countries should be
adopted in our country as an important alternative to ground water excavations for drinking and also washing. Rainwater collected in tanks from roof
catchments and direct collection can provide good quality water suitable
for drinking. Only, the collection is to be made in clean containers and the
roof should be clean and impervious and free from overhanging trees. Plan
Bangladesh is currently working on 20 model harvesting plans in slum areas in Mirpur and Jatrabari areas of Dhaka city to assess the possibility of
rainwater harvesting.
. Providing jars for individual collection by families in urban slum and
squatter communities will go a long way in meeting their needs and save
time for women in collecting water. Collection of rainwater from central
community buildings i.e. schools, mosques and public toilets is a prospect
which should be tried immediately.
Our grandparents will remember at a time in the 1950s when the per
capita availability of water was a comfortable 5177 m3 per head in India
and 5300 m3 in Pakistan. Our generation has seen it fall drastically to about
1800 m3 and 1100 m3 respectively. The critical level is 1000 m3 and we all
need to wake up immediately and respond to the need for nationwide drive
for water conservation.
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Annex 1: District wise Length of Major rivers of Bangladesh
Nr.
River

Length (km)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

160
238
191
193
250
225
276
27
170
207
160
235
450
378

Area covered
(old districts) in km
Faridpur (102) Barisal (58)
Mymensingh (198) Dhaka (40)
Jessore (103) Khulna (88)
Jessore (58) Khulna (135)
Jessore, Khulna
Mymensingh (225)
Rangpur (140) Pabna (136)
Dhaka (27)
Kushtia (19) Jessore (151)
Comilla (180) Noakhali (27)
Mymensingh, Dhaka
Mymensingh (126) Sylhet (109)
Rangpur (193), Bogra (157), Pabna (100)
Rajshahi (145), Pabna (98), Dhaka and Faridpur (135)

371
236
597
180
260
162
228
195
160
287
156
230
276
160
141
173
670
115

Kushtia (37), Faridpur (71), Jessore (92), Khulna (104), Barisal (67)
Rangpur (236)
Dinajpur (259), Rajshahi (258), Pabna (80)
Chittagong HT, Chittagong
Jessore (80) Khulna (180)
Jessore, Faridpur
Sylhet (228)
Noakhali (95) Comilla (100)
from Chandpur to the Bay of Bengal
Chittagong HT and Chittagong
Rajshahi (16), Kushtia (140)
Kushtia (26) Jessore (204)
Mymensingh (276)
Dinajpur (80) Rajshahi (80)
Khulna (141)
Chittagong (80), Chittagong Hill Tracts (93)
Sylhet (290), Comilla (235), Barisal (145)
Rangpur (115)

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
Source: BBS 1999.

Arial Khan
Bangshi
Betna-Kholpotua
Bhadra
Bhairab
Bhogai-Kangsa
Brahmaputra-Jamuna (Jamuna 207)
Buriganga
Chitra
Dakatia
Dhaleshwari
Dhanu-Baulai-Ghorautra
Donai-Charalkata-Jamuneshwari-Karatoya
Ganges-Padma
(Ganges 258, Padma 120)
Gorai-Madhumati-Baleshwar
Ghaghat
Karatoya-Atrai-Gur-Gumani-Hurasagar
Karnafuli
Kobadak
Kumar
Kushiyara
Little Feni-Dakatia
Lower Meghna
Matamuhuri
Mathabhanga
Nabaganga
Old Brahmaputra
Punarbhaba
Rupsa-Pasur
Sangu
Surma-Meghna
Tista
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Abstract

Agriculture and rural development have been identified as the
topmost priority sector for poverty reduction in Bangladesh as about 75 %
of the country’s total population live and earn their livelihood, mostly by
farming. Groundwater, along with surface water, is the main source of irrigation and one of the key factors making Bangladesh almost self sufficient
in food production. Trends indicate that small farmers are becoming increasingly productive as a result of enhanced access to irrigation through
groundwater. Importance of groundwater irrigation increased with the introduction of High Yield Varieties (HYV) seeds in the late sixties to meet the
food demand for a growing population. In 2006–07 Boro rice season, 4.8
million hectare land was under irrigation and about 80 % accounted for
groundwater irrigation. About 70 % of the total irrigated area is under private sector led ‘minor irrigation’. Irrigation wells are relatively inexpensive,
easy to install and maintain and are shared between small groups of farmers; that leads to uncontrolled installation of tube wells. Rapid and unplanned
development of groundwater has already posed threats to water quality and
could severely limit the productive duration of the aquifer. In a small land
area of Bangladesh with a population of about 140 million, it is really difficult to govern activities groundwater irrigation. With the increasing demand, understanding the natural distribution for long-term sustainability of
fresh water resource is very important. Appropriate institutional arrangements under legal and regulatory framework can reduce the pressure on
ecological, socio-economic and scientific factors.

Introduction

In a small land area of 147570 km2 with about 140 million populations in Bangladesh importance of groundwater irrigation has
been increased to meet the food demand for growing population with the
introduction of High Yield Varieties (HYV) seeds in late sixties. Groundwater
irrigation is rather new in the country though the surface water irrigation
by indigenous method was in practice. Until 1950’s farmers used only traditional means of irrigation, the swing baskets and doan with the capacity

of lifting water up to about 1 to 1.5 m. Persian wheels were also used in
many parts of the Indian subcontinent to lift water from the dug wells
(Figure 1). The country started emphasizing groundwater irrigation in the
mid-seventies with Deep Tube wells (DTW), and soon shifted its priority to
Shallow Tube wells (STW). Groundwater is the main source of irrigation
and one of the key factors making Bangladesh nearly self sufficient in food
production. In 2005–06, 70 % of the total irrigated land was under minor
irrigation (Economic Review 2006). The minor irrigation involves pumping
technologies like STWs, Deep set Shallow tube wells (DSSTW), DTWs, Force
mode Tube wells (FMTW) and low lift pumps (LLP) etc. Irrigation expansion based on STWs development is still continuing. The dominant food
crop of Bangladesh is rice. HYV seed, application of fertilizer, and irrigation
have increased yields, although these inputs also raised the production cost.
With the increasing use of irrigation, there has been a focus on Boro rice –
growing season extending during the dry season from October to March.
Total production of Boro rice in the country in 2005–06 was 13.8 million
metric tons (MMT) that was 55 % of total rice production (Economic review 2006). The development of groundwater for irrigation has had a major positive impact on food grain production in Bangladesh. In Bangladesh,
people with less than 0.5 acres of cultivable land comprise 66 % of the
population who are absolutely poor and are rarely benefited of large surface water development schemes (Figure 2). The growth of groundwater
irrigation, especially privately supplied irrigation by STWs purchased by
individuals for cash or credit at unsubsidized price led to the emergence of
irrigation water market. The expansion of the groundwater market has created all kinds of associated business by establishing local workshops for
manufacturing irrigation pumps, pipes, spare parts and development of mechanic skills in rural areas. Hence, groundwater irrigated agriculture plays
an important role not only in increased food production but also in poverty
alleviation. GDP is highly dependent on the development of water resources
in general.
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Figure 1. Persian wheels were used in many parts of the Indian subcontinent to lift water from the dug wells.

Figure 2. (A–B) Surface water irrigation projects of Bangladesh Water Development Board.
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Bangladesh is a lower riparian country in the floodplains of three great
rivers – the Ganges, the Brahmaputra and the Meghna and their tributaries
and distributaries. The water management systems that have evolved in the
country are diverse and complex. Flood management and drainage in the
wet season is the major problem. There is abundance of water during the
monsoon causing widespread flood in large areas and little water during
dry season to meet irrigation and other requirements (Figure 3). Water scarcity in the dry season, which normally lasts from November to April is an
issue characterized by a drastic reduction in the discharge of major rivers,
drying of small rivers and water channels and declining groundwater tables. Privatization and expansion of minor irrigation and withdrawal of
Government subsidy in irrigation equipment lead to a very rapid growth of
STWs. Irrigation wells are relatively inexpensive, easy to install using local
methods, easy to maintain and are shared between small groups of farmers
and leads to uncontrolled installation of wells replacing LLPs (Figure 4).
Recommended total required water depth for HYV Boro rice is between
1200 and 1500 mm per season (NWMP 2001), depending on soil condi-

tion. A series of water management studies conducted by BRRI indicated
that a range of water depths ranging from soil saturation only to 1000 mm
standing water gave statistically insignificant differences in rice yields, provided other management practice were uniform and equal (Islam 1986; 1987).
Considering the maximum value the average water used by farmers it was
found that farmers apply 34 % more water in irrigated field than the recommended limit that has no use to the growth of crops (Zahid et al. 2009).
Excessive groundwater abstraction for irrigation has posed a great challenge to the rural drinking water supply using hand tube wells. The presence of arsenic has further worsened the situation. The major concern now
is managing this boom of groundwater withdrawal for socio-economic and
environmental sustainability. Rapid and uncontrolled development of
groundwater has already posses’ threats to water quality and could severely
limit the usefulness of the aquifer. The overall situation needs for an urgent
groundwater i.e. water resources management and governance for sustainable development.

Figure 3. (A) Abundance of water during the monsoon causing flood;
(B) Little surface water during dry season to meet irrigation and other requirements (Photo: BWDB).

65

Figure 4. (A) Installation of STW replacing LLP due to declining surface water level in dry season;
(B) Uncontrolled installation of TWs where minimum well spacing is ignored.
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Expansion of Groundwater Irrigation and Water Market

In
1972, Bangladesh Agricultural Development Corporation (BADC) initiated
capital-intensive methods for DTW installation in Bangladesh and provided
well components for rapid expansion of groundwater irrigation. BADC was
used to install DTWs by reverse circulation drilling method using very costly
power rigs and distributed water to farmers, mostly, under subsidized
projects. Privatization and expansion of minor irrigation and withdrawal
of Government subsidy in irrigation equipment lead to a very rapid growth
of farmer financed STWs. Manually driven percussion method became popular for STW installation having capacity to drill up to the depth of 100m
(Figure 5A). Direct circulation rotary drilling method with donkey pumps
is another low-cost technology for the installation of up to 350m DTWs for
even larger diameter wells (Figure 5B).

In 2006–07, 4882879 hectares of land were under irrigation and 80.60
% accounted for groundwater irrigation (BADC 2007). STW has increased
in numbers throughout the country from 93,100 in 1982–83 to 12,02,720
in 2006–07 (BADC 2007) (Figure 6). In low elevated areas where seasonal
flood is a problem and low laying lands are submerged under water for 3–
5 months, farmers move pump engines to safer places and protect the openings of well holes until next dry irrigation season (Figure 7A). Earthen irrigation canals become silted or eroded when submerged under water, only
minor and cheap rehabilitation is required to activate them again (Figure
7B).

Figure 5. (A) Hand percussion method enables to drill up to 100 meters irrigation wells with the diameter of 4–5 inch;
(B) 6–8 inch diameter deep irrigation wells (up to 350m) can be installed using local rotary circulation method.
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Figure 6. Development of groundwater irrigation in Bangladesh: (A) DTWs; and (B) STWs.

Figure 7. (A) Protection of tube well hole from seasonal flood; (B) Rehabilitation of irrigation canal after water is removed.
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The water market in Bangladesh has significantly contributed to improve in irrigation management, irrigation quality, agronomic practices of
irrigated rice production, tillage mechanization and farming integration as
well as to improve livelihood of huge rural population. The market is dominated by a dynamic private sector involving about 1.7 million owners and
managers of mechanized pumps, 0.76 million owners and operators of
non-mechanized and traditional irrigation devices with about 7.6 million
irrigator farmers (Mandal 2000) that also creates job and small scale business opportunities in rural areas (Figure 8A–B). Human labour and animal
power are required in various stages of crop production. Peak period for
human labour is during transplantation and harvesting while animal labours in land preparation. There is high demand for labour during the Boro
rice transplantation and harvest. Power tiller is used for land preparation.
Farmers started using power tillers to meet up the shortage of draft power.
Field survey shows that the average labour requirement of Boro rice production is 35 person-days/acre. Vegetable production is more labour-intensive than rice crops, requiring an average of 70 person-days.

Small farmers’ share of STW ownership has increased significantly over
the years. In the advanced districts of Bogra and Comilla small farmers
dominated the ownership of STWs (80 % in Comilla and 60 % in Bogra)
(IIMI/BSERT 1996). In the less advanced districts, about two-third of the
STW owners had cultivated land below 6.42 acre (Mandal 2000). In the
prevailing water market, the pump owners installed their wells or pumps in
their own plots or other peoples plot to irrigate their own plot and sell
excess water to other farmers under varied formal/informal contractual
arrangements. There are many pump owners who do not have any land in
their tube well command areas and run their pumps with business interest
(Mandal 2000). In the Gangetic floodplain area, sub-marginal (land holding size <1.23 acre) non-pump owners (WBs) account for 40 %, which is by
far the highest, followed by marginal (land holding size <1.24–2.47 acre)
non-pump owners who represent 17 % (Zahid et al. 2009). There are generally three modes of payment or purchased water: hourly rates (Tk/ha), area
based rates (Tk/ha) and crop share. Two major forms of payment for water
are practiced in Bangladesh: fixed cash payment and share of the crop. In

Figure 8. (A–B) Irrigated agriculture creates job and business opportunities in rural areas.

large part of the country a one-fourth crop share payment has been evolved
mainly in the context of cash constraints by the irrigator farmers in the
beginning of the irrigation season when they also need to pay for fertilizers, seedlings and labour. But, in many areas one-third crop share is practiced.
Payment is done at the field directly immediately after harvesting. It may
appear a little higher than cash payment but it is not necessarily exploitative when one includes interest on operating capital committed by the water suppliers as well as premium for risk of crop failure or damages. The
selection of crops in a cropping pattern depends upon not only agro-climatic situation but also upon home consumption, market demand and the
socio-economic condition of the cultivators. Moreover, the most important
factors affecting the land resources utilization for crop production are rainfall pattern, soil fertility, availability of water for irrigation, soil topography,
flooding and drainage congestion. The cropping pattern was covered by
79.22 % with rice and mustard, and the remaining 20.78 % covered with
jute, sugarcane, onion, pulses, oilseeds and vegetables etc. The country has
achieved an estimated cropping intensity of about 146 (Zahid et al. 2009)
to 185 % (NWMP 2001).
Study (Hossain et al. 2002) shows that LLPs are the cheapest form of
minor irrigation, with their generally low pumping lifts and technical simplicity. Total annual costs of LLP diesel pumping (DC) are only Tk0.30/m³
and Tk0.23m³ at financial and economic prices, or Tk3300/ha and Tk2500/
ha respectively. STWs are the next cheapest mode. Typical DC powered
STW operating under 5m has average static water level costs, Tk0.69/m³
and Tk0.53/m³ at financial and economic prices, or Tk7600/ha and
Tk5800/ha respectively. Tube well pumping costs increase rapidly as
groundwater levels decline. For an average 7m depth, DC powered STWs
set into a pit of 2m (DSSTWs) costs about Tk0.90/m³ and Tk0.69/m³, or
Tk9900/ha and Tk7600/ha respectively at financial and economic prices.
However electricity (EC) powered STWs with a lift of 7m costs around TK
0.40 per litre. DTW irrigation has the highest capital costs of the four basic
models. Repair and maintenance cost of running the well/tube well/season in 2005–06 is estimated to about Tk 1380 and 300 for DC and EC
power motive, respectively (Zahid et al. 2009). The average supervision,

diesel and lubricant cost per well per season is about Tk 11,364, 34,976
and 1351, respectively while the supervision and electricity cost for EC
motive power is 8000 and 15000, respectively. The study shows that the
total cost for a STW run by DC motive power is almost twice that for EC
motive power. This is why the farmers are strongly in favour of EC motive
power.

Groundwater Irrigation and Impact on Livelihood: A Case
Study To improve the quality of life of the people in the Barind area as
well as to support and sustain agricultural growth, and improving the environmental situation the Barind Integrated Area Development Project (BMDA
2000) has been under taken since 1986 covering 767,900 ha gross area of
three Barind districts – Rajshahi, Nawabganj and Noagaon. Before the project, Barind Tract was an unfavourable agricultural section of the country.
At the beginning of the project, the three Barind districts were marginally
surplus food producers, however, with the introduction of DTWs, their
surplus over the project period increased substantially. Income level increased because of increasing agricultural production, increased demand
for labour and increased wage rates. It is estimated that 62 % of total cultivable area are irrigable utilizing groundwater. With the increased and assured availability of irrigation water, the agricultural scenario has fundamentally changed (Figure 9). Most irrigation development in the project
area has taken place through the use of DTWs and STWs. The increase in
yield of Boro rice is 43 to 120 % in the districts within the project area.
Cropping intensity in the area increased from 141 % in 1991 to 200 % in
1998–99. Besides implementing a comprehensive package of agricultural
development activities, various associated programs have also been introduced like afforestation, re-excavation of ponds, construction of crossdams etc. All these components played a positive role in improving the
livelihood of the people with positive economic returns. The total cost
recovery of the project was worked out to be Tk 1,067 million of which
the recovery from the beneficiaries of irrigation interventions was Tk
1013 million which indicates that the investment of the project has been
economically and socially profitable that has had direct impact on poverty alleviation.
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Figure 9. (A) Pump station under BMDA project area for groundwater irrigation;
(B) Groundwater irrigated agriculture makes the barren Barind area productive for crop production.

Constraints to Sustainable Use of Groundwater Over exploitation is usually the result of irrigation abstraction in rural areas and huge
domestic and industrial usage in cities. In rural areas, lowering of the
groundwater table disturb seasonally shallow hand tube wells used for drinking water supply. High rates of pumping for irrigation and other uses from
the shallow aquifers may result in widespread saltwater intrusion in coastal
areas, downward leakage of arsenic concentrations and the general degradation of water resources. Besides, use of agrochemicals may cause contamination of shallow groundwater and sediments. Chemical fertilizers constituted of nitrogen, phosphorous and potassium are potential contamination sources. There is inadequate knowledge of the extent of this contami-

nation and the impact on the groundwater resource. However, low levels of
organic chlorine pesticides (Heptachlor and DDT) have been detected at
some locations. Higher ammonium and nitrate levels have also been found
in shallow aquifers (Hossain 1997). The sharing of water from the transboundary rivers is another issue. In the absence of water sharing agreements on trans-boundary rivers, except for the Ganges, Bangladesh is deprived of its due share of flows, especially in the dry season that generally
has direct impact on groundwater of alluvial aquifers. However, the
groundwater table generally regains its static water level in most of the
country with sufficient recharge of rain water and stoppage of irrigation
pumping when monsoon starts.

To protect the population from water-borne diseases, primarily from the
consumption of polluted and dirty surface water, effort has been made
throughout the country during the past two decades to replace drinking
water supplies from surface water with groundwater and millions of STWs
(<100 m deep) have been installed in the shallower part of the unconfined/
leaky aquifers. The discovery of arsenic sourced from geogenic processes
has altered the planning framework, and created a major problem of access
mainly to safe drinking water in the affected areas. Since the early 1990’s,
DTWs have been installed (100–250 m depth) in an attempt to find safe
groundwater for drinking water supplies to mitigate arsenic situation. However, the wells often contain high concentrations of iron, manganese and
high salinity. Coastal regions face severe water scarcity, with salinity intrusion and limited availability of fresh groundwater. Fresh groundwater generally occurs in deep aquifer layers, below a sequence of other aquifer layers containing saline or brackish groundwater (DPHE-DANIDA 2001). In
the Southern regions of Bangladesh intrusion of saline water into the pumping well is often a problem due to heavy pumping.

In Bangladesh, about 90 % of all the STWs are diesel powered. Groundwater irrigation can be geared towards poverty alleviation through proper
energy support policies. The provision of electricity for irrigation pumps
should be given top priority as the cost of irrigation by electric pumps is
about 50 % lower than that for diesel-run pumps (Zahid et al. 2009). The
low access and the low availability and poor quality of service delivery
(interrupted supply, voltage fluctuations) are major hindrances for groundwater irrigation by tube wells. High price diesel fuel hinders the full-fledged
development of groundwater irrigation in the area. In Bangladesh, the diesel price has increased to 32 Tk/liter in 2006 from 17 Tk in 2001, while
the same was Tk 14 in 1996. As a result, many well owners decided to quit
pumping groundwater as they are incurring losses. It is important to keep
farmers in their agriculture fields for the sake of country’s self-sufficiency
in food production (Figure 10). Many of the respondents have the identical
view that if electricity replaces the existing diesel fuel motive power, then
the farmers would have enjoyed a great deal of benefits.

Figure 10 (A–B). Continue support to agriculture in Bangladesh will not only ensure increased food production but also secure job opportunities in rural areas to
improve livelihood.
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Major Management and Governance Areas to be Emphasized Scientific understanding of groundwater is not well established in
Bangladesh. Matching long term withdrawals of groundwater to recharge
is the principal objective of sustainable groundwater resource planning and
vital for managing human impact on water and ecological resources. Where
surface and groundwater are connected, an integrated approach to water
resource management is needed to accurately assess availability of water in
the system to use. Every extraction of groundwater causes changes in the
water balance and may have detrimental effects for the users themselves or
for neighbouring surface or groundwater users. After beginning of development problems may appear shortly or even in decades. Construct groundwater balances for representative catchments are important to enable management decisions to be made. Besides hydrogeological factors, recharge
and discharge rates may change from man-made activities. Traditional approaches of watershed development that stress enhancing recharge to
groundwater do not pay adequate attention in developing countries like
Bangladesh. Sustainable and equitable groundwater use would put the con-

cept of watershed development. It is necessary to distinguish between various aspects integrated into a typical watershed development program, such
as conservation, artificial recharge, groundwater resources development
and groundwater management (Kulkarni et al. 2004). Groundwater-monitoring network provide long-term hydrogeologic and hydrologic data and
information. Identifying groundwater flow regimes from the groundwater
flow pattern groundwater monitoring wells should be installed evenly distributed in each flow domain. For better understanding of surface water
and groundwater relationship, sufficient observation wells should also be
installed near to surface water regime and surface water observation stations and nested monitoring wells for layered aquifers.
In Bangladesh, the Government reserves the right to allocate water to
ensure equitable distribution, efficient development and use. The Government can preserve the authority to redirect its use during periods of droughts,
floods, cyclones, and other natural and man-made disasters. In practice, a
landowner can extract as much water as desired without any kind of re-

Figure 11. (A) Improved technologies and (B) regulated water allocation can save over use and misuse of groundwater resources.

striction. Due to a high degree of land fragmentation even well owners
cannot irrigate all their plots using a single pump. A major institutional
response to this has been the emergence of informal groundwater markets.
Allocation rules needs to be developed to distribute and control over withdrawal considering necessity of different users (Figure 11). Policy measures
have also supported water for irrigation, which seeks to ensure security of
access to available water supplies to rural water users. In Bangladesh, quantity of water is not a problem for allocation. However, for long-term sustainable use, area wise Water Allocation Plans needs to be developed for longterm and sustainable quality and quantity measures that would provide a
basis for allocating water between users based on sustainable yield. Hence,
involvement of the public and private sectors, communities and individuals
that benefit from the water-related services are now consider as a very
useful tool for implementing governing issues of water resource management. The ultimate success and effectiveness of public water resources management projects depends on the people’s acceptance and ownership of
each project. It is important to delineate the roles and responsibilities of
everyone involved in water resource management. Decisions regarding Water
Resources Management can affect nearly every sector of the economy and
the public as a whole, and stakeholder participation should be established
in a form that elicits direct input from people at all levels. Woman should
have particular position as they are the principal providers of water, main
caretaker of the family’s health, and participants in many stages of pre- and
post-harvest activities.
The governance and management of the national water resources require coordination of existing institutions. Properly functioning institutions
are essential for effective implementation and administration of the country’s water and related environmental management policies and directives.
The water markets give irrigation access to those farmers too who do not

have their own source of irrigation and have been very crucial in alleviating
rural poverty. In areas where the groundwater resource base is nearly over
developed, water markets could hasten resource depletion. Thus, the institutional framework under which the resource is appropriated and used,
needs to be developed for regulated use of groundwater. Setting the appropriate legislative framework is fundamental to effective implementation of
the water policy.

Summary

Because of increasing demand of water and to reduce dependency on fresh groundwater resources, utilization of available surface water,
mainly for irrigation and conjunctive use should be emphasized. This will
minimize the seasonal fluctuation rate of groundwater table and lessen stress
on groundwater environment. Planning tool can be developed to improve
water resource management by identifying, prioritizing and targeting of
those systems at risk from overuse and exploitation. Like many developed
countries, it is policy measures that can support the safeguarding of water
for all families and communities. The community resources should be managed by the community groups, along with local Government institutions.
Policy, planning, and regulatory functions should work separately from implementation and operational functions. Reform issues include establishing
institutions for preparing integrated water resources plans at local levels
with effective involvement of local governments, preparing master plans
for specific issues including regulatory mechanisms for water quantity and
quality management, improving laws and regulations needs to be considered. The existing legislation related to any form of water resource management requires supplementing in a number of key areas. Formulation of a
comprehensive Water Act needs to be enacted to govern ownership, development, appropriation, utilization, conservation, and protection of water
resources. The Act can cover existing gaps related to the implementation of
the groundwater management options and supporting tools.
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Abstract

Dhaka, a Mega City, started its journey 400 years ago in 1608.
It is the home of about 15 million people covering an area of 260 km2. The
city is expanding rapidly in an unplanned way accompanying with a high
rate of population growth. The expansion of infrastructure and utility services
cannot keep space with this rapid expansion. As a result there is an acute
shortage of potable water supply, sanitary and drainage facilities. Dhaka
Water Supply and Sewerage Authority (DWASA) can supply only 92% of
the water demand which is 1850 million liters per day (MLD) against the
total demand of 2000 Million liters per day (MLD). The shortage is 150
(MLD) which is 8% of the total potable water supply. 80% of the potable
water comes from the 496 Deep Tube Wells (DTW) and the rest 12% comes
from the Surface Water Treatment Plants (SWTP). The average system loss
is 34.82% which is very high. If this loss can be reduced to acceptable level
about 10% through proper steps, then the supplied water will be enough to
meet the present public demand.
The present scenario of sanitation and drainage is far below the expected
level. DWASA has so far provided sanitary facility to 40% of the dwellers
and the rest are deprived of this facility. As a result they are discharging
their sanitary sewages into the open drains which is causing serious environmental problem. To prevent further degradation of environment sanitary
facility must be made available to all citizens on priority basis.
The Drainage congestion is another serious problem for the Dhaka City.
DWASA tried to solve this drainage problem of certain areas through construction of pipe drains, box culverts and by cleaning and digging the open
water bodies (khals) during the implementation of FAP-8A from 1994 to
2008. Lack of maintenance of the drains and illegal occupation of the water
bodies (khals) have created a serious drainage problem in the Dhaka City,
which needs an immediate action plan for improvement.

water demand. Expansion of the City, increase of population and the
depletion of ground water table necessiciated the use of surface water.
A small scale surface water treatment plant was built at Chadnighat at
the bank of River Buri Ganga by the then Nawab of Dhaka, Sir Salimullah,
to meet the increased water demand in 1874.
Rapid increase of population put additional pressure on water supply.
The then Government established the Dhaka Water Supply and Sewage
Authority (DWASA) in 1963 and entrusted it with the duty of handling the
gigantic task of water supply and sanitation of the city. To cater the increasing
demand DWASA started installing deep tube wells to extract the relatively
safe and cheap ground water. DWASA installed 30 tube wells in 1963. The
installation of Deep tube wells increased constantly and rose to 496 in 2008
and are producing 1615 million liters of water per day (MLD). Due to
extraction of this huge volume of ground water the water table has declined
from 19.0 to 54.0 meters at different areas of the city. The extracted volume
of ground water is not enough to cope with the present demand of water.
Surface water treatment plants were established to augment the water
demand of the day. At present DWASA has three water treatment plants in
operation which are located at Saidabad, Chadnighat and Naryanganj. The
total production from the surface water treatment plants are 235.0 million
litres per day (MLD). Total water demand per day is 2000 MLD whereas
the supplied amount is 1850 MLD. The shortage of supply is 150 MLD.
DWASA has undertaken projects to meet up the shortage.
Water production, demand and the shortage per day in Sept. 2008 is
shown below:
Table 1. Water production, demand and shortage per day during September
2008.
Source

Actual production
in MLD

Total Demand
in MLD

Shortage
in MLD

Ground water
Surface water

1615.00
235.00

2000.00

150.00

Water Supply System

Dhaka, a Mega City, the capital of Bangladesh,
started its journey 400 years ago in 1608. At that time water from protected
ponds and dug wells were used for domestic and drinking purposes. Later
on hand tube wells were used by the city dwellers to meet up their daily
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The water supply system has been expanded and updated to the present
shape as shown in the Dhaka city map (fig. 1).
The water supply system of Dhaka City is also shown in tabular form
below:
Table 2. Water supply system of Dhaka City at a glance
Items

Position as

Position as

on 30/06/05

on 30/06/06 on 30/06/07

on 30/06/08

418

441

465

496

DTW of other Nos
agencies (Private)

-

-

-

1180

Water Treatment Plant

Nos

3

3

3

3

Water line
Water Connections

Km
Nos

2520.91
225489

2520.91
232907

2533.73
243477

253373
250926

Over Head
Tanks in
operation

Nos

38

38

38

38

Public stand
pipes

Nos

920

920

1643

1643

Connection to Nos
Religious Institutions

970

983

1827

1827

DTW in
operation

Unit
Nos

Position as

Position as

Findings and Conclusion

The demand for standard drinking and
domestic water is a basic necessity of the city dwellers. The supplied water
is neither adequate nor free from contamination. The water often gets
contaminated specially in the densely populated and old city areas due to
leakage and breaking of water pipes. The present system loss is 34.82%
which is very high. As a result many city dwellers are deprived of water
supply. More over water contamination causes outbreak of water born

Fig. 1. Water supply system of Dhaka City.
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diseases in different areas of the city. Through leak detection and regular
repair works water contamination and system loss can be reduced to an
acceptable level. As a result, enough water will be available to meet up the
present public demand.

Sanitation system

A sustainable sanitary system is essential for healthful
and attractive living conditions of the city dwellers. Sanitary system started
in Dhaka City in 1923 in limited areas. At present citizens of the 40% areas
enjoy this facility and the rest are deprived of it. Dwellers and industries
located in the rest of the 60% areas discharge raw sewage directly into the
nearby surface drains & watercourses which ultimately find their way into
peripheral rivers. There are about 2,200 industries in and around Dhaka
City which discharge their untreated effluent partly into the sewer system
and partly into the water bodies directly. As a result the quality of the river
water has been deteriorating at an alarming rate during the last three decades.
The present status of the sewer system in the Dhaka City is as follows:
Table 3. Sewer system of Dhaka City at a glance.

Item

Unit Position as Position as Position as Position as Remarks
on 30/06/05 on 30/06/06 on 30/06/07 on 30/06/08

Sewer line
Sewer connection

Km
Nos

808.89
501.30

881.02
50719

881.02
59229

881.02
59601

–
–

Sewage lift
station

Nos

27

29

29

29

–

1

1

1

1

Sewage treat- Nos
ment plant

Expanded &
capacity
increased

The sanitary system of Dhaka city is shown in the map in fig. 2.
Fig. 2. Sanitary system of Dhaka City.

Findings and Conclusion

A fully operative and sustainable sewer
system is required for maintaining healthy environment in the city. Citizens
of the 60% areas are deprived of the sanitary facilities. The sanitary condition
in the city is in a bad shape due to
a. non-availability of sanitary facilities to citizens of the 60% areas
b. improper and inadequate operation and maintenance of the existing
sewers and
c. discharge of untreated effluent to the water courses and drains from
the industries inside the city.
The sanitary condition in the city can be improved by
a. extending sanitary facility to the rest of city dwellers through
implementation of new projects
b. regular operation and maintenance of the existing sewers and
c. imposing restriction to the discharge of the untreated effluent to the
watercourses and drains.

Drainage system

Dhaka City drainage system started in 1946 under
the public Health Engineering Department. Government has transferred
this responsibility to DWASA in 1989. The drainage system is inadequate to
drain out the rain water of more than 10 mm/hr. As a result the drainage
congestion has become a serious concern for the dwellers of certain areas.
There is no drainage system in many areas of the city. More over the city
corporation’s local drainage systems in many places are not connected to
the DWASA drainage system. The drainage congestion becomes acute during
the rainy season due to rise of water level in the peripheral rivers. The
major drainage system consists of several khals running across the city. The
main khals are Abdullahpur, Dholai, Degun, Diabari, Kallyanpur, Gerani,
Segunbagicha, Begunbari, Boalia, Berayet and Chinotir which drainout
the waste water as well as rain water to the peripheral rivers.

The following Table shows the drainage system at a glance.
Table 4. Drainage System of Dhaka City.
Item

Unit

Position as
Position as
Position as Position as
on 30/06/05 on 30/06/06 on 30/06/07 on 30/06/08

Total pumping station

No.

3

3

3

3

Total pumps Nos
Total capam3/s
city

10
41.60

10
41.60

10
41.60

10
41.60

Box culvert Km
Open Chan- Km
nel

8
65

8
65

8
65

8
65

Pipe Drain,
Brick Sewer

230.08

230.08

230.08

230.08

Km

The Drainage System of the Dhaka city is also shown in the city map in
fig. 3.
Major improvement and expansion of the drainage system have been
done during the implementation of FAP-8A from 1994 to 2000 funded by
ADB for the western part of the city covering an area of 136 sq. km.
Three pump stations have been constructed to remove drainage congestion
during the flood season when the water level is higher at the outside of the
flood embankment.
The pump stations are located at Goranghatbari, Kallyanpur and Mill
Barrack. There are two temporary pump stations one at the outlet of
Segunbagicha khal and the other at Begunbari khal to pump out water
during flood season. After the implementation of the project, drainage
condition has improved in certain areas.
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The drainage congestion in the Dhaka
city occurs due to any of the following reasons or combination of these:
a. due to congestion of rain water / waste water drainage systems inside
the city
b. due to insufficient pumping capacity at the time of excess rainfall and
high water level in peripheral rivers and
c. entrance of flood water to the city through unprotected broken drainage
outlet.

The drainage congestion can be improved or totally removed through:
a. proper operation and regular maintenance of the existing drainage
system including the khals
b. increasing capacity of the pump stations to the desired level
c. repair and maintenance of the drainage outlets and providing with
flap valve and
d. expanding the drainage system to the rest of the the city areas by
execution of new projects.
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Fig. 3. Drainage system of Dhaka City.
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Introduction Water is a precious resource. In addition to being vital to

The Evolution of Sanitation Interventions in Bangladesh

human survival, water is an integral part of other fundamental daily practices such as cooking and bathing. Similarly, sanitation is vital to human
health and dignity. Decades of interventions by national and international
organizations have brought a remarkable improvement in sanitation in Bangladesh. Between 1981 and 2007, sanitary latrine coverage increased from
1% to 85%, according to government sources.1 The Government of Bangladesh has declared ‘Sanitation for all by 2010’ as the national priority2 and
both government and non-government partners have succeeded in shifting
millions from open defecation to hygienic latrine in Bangladesh.

Based on the approach, nature and intensity of the interventions, the sanitation movement in Bangladesh can be divided into three phases: the initial, transitional, and present phases.
In the initial phase (1954–1982) the public sector, namely the Department of Public Health Engineering (DPHE) with the financial support from
donors like WHO and UNICEF, intervened in the area of rural sanitation.
However, its endeavours during these first three decades were inconsistent
and supply-driven, resulting in limited progress.3
The transitional phase (1982–1990) began with declaration of the International Drinking Water Supply and Sanitation Decade, which had a significant impact on Bangladesh. This phase was transitional in the sense that
new actors – NGOs and the private sector – joined the public institutions
that had previously, with support from donors, taken sole responsibility for
sanitation. More integrated approaches were adopted, subsidies on latrines
by the DPHE were reduced, and a Social Mobilization programme was
planned. The supply driven approach remained a salient feature of the movement, however, the technological perspective was narrow, focusing almost
exclusively on the single-pit water-sealed latrine. As a result of disregard for
demand and broader technological needs, coverage increased from 1% to
only 5% in rural areas between 1980 and 1990 (Quazi/Pramanik 2005).
The present phase has seen a positive turn in sanitation movement. Sanitation was traditionally marginalized by water concerns; In the 1980s, while
sanitation increased to just 5% coverage, water supply coverage increased
from 37% to 90%. However, in the 1990s sanitation finally began to receive
crucial attention, thanks to organizations that began to bring sanitation to

The relationship between water and sanitation, however, is traditionally
not a positive one. Sanitation interventions primarily centre on low-cost
pour-flush latrine technology – popularly known as the ring slab latrine –
and have not addressed the issue of environmental management, including
water preservation. Each year, Bangladesh produces seven million metric
tons of human faeces and 70 million metric tons of urine (Bangladesh Observer 15th May 2004). Much of this is deposited in water bodies and open
places, polluting water sources – including ground water – and the environment in general. As a result, a large number of people in Bangladesh
suffer from sanitation-related and water-borne diseases and other health
problems caused by poor sanitation practices. Each year 110,000 children
die of diarrhoea in Bangladesh (Progotir Pathey 2000, opcit).
Ecological sanitation (EcoSan) is an approach to sanitation that reuses
human waste. To do so, urine and faeces must be separated from water and
as such, water-dependant pour-flush technology becomes redundant. The
introduction of EcoSan in Bangladesh presents an opportunity to save scarce
water resources and avoid polluting those that the population depend on
for bathing, cooking and drinking. Moreover, EcoSan improves the environmental conditions in human settlements, promotes economic and social
well-being and improves health.

1

http://www.irinnews.org/Report.aspx?ReportId=77094 (accessed: 3rd May 2009).
http://www.dphe.gov.bd/index.php?option=com_content&view=article&id=71&Itemid=80
(accessed: 20th May 2009).
3
See: Chadha, S & Strauss, M (1991) ‘Promotion of Rural sanitation in Bangladesh with
private sector participation’. Dhaka: SDC, and UPI; Local Government Division (2003)
‘Current Situation-Institutional Review: Water Supply and sanitation Sector, Bangladesh,’
Draft Summary report. Dhaka (unpublished); Kalam, A (1997) ‘Context: national Sanitation Week’. In: Pani Probaho, January, No. 136. Dhaka: NGO Forum.
2

the forefront. A growing awareness of this situation compelled a number of
agencies to review their program strategies, subsequently undertaking more
sanitation programmes. Moreover, much emphasis was given to social mobilization for behavioural change, adoption of a demand driven approach,
provision of multiple low-cost sanitary latrine technology options, formation of a water and sanitation policy, attention for the issues of gender
sensitivity and community participation, and the promotion of private sector involvement by the state and non-government agencies. The role of the
public sector gradually shifted from service provider to facilitator. The active role of all four sectors – public, private, NGO and donor agencies –
along with community participation has made a remarkable improvement
in sanitation coverage in Bangladesh: government statistics state that over
85% of the population now have access to sanitation.4
Latrine Technology used in Bangladesh Taking into account the national economic situation and the culture of water use for anal cleaning,
organizations, whether, public, private or NGO, have traditionally promoted
predominantly the same types of low-cost squat latrine technologies. These
include: water-seal direct pit latrine; home-made direct pit latrines; off-set
pit latrine; water-seal burnt-clay latrine; water-seal pit latrine with different
types of gooseneck/siphon; and twin-pit pour-flush latrine. Among these
options, service providers most vigorously promoted water-seal direct and
offset pit latrines, using the same design except for some variation in the
design of the gooseneck (NGO Forum 1998; Village Education Resource
Center 2002).
Difficulties with common latrines Using and maintaining water-seal
latrines can be difficult and requires large amounts of water. Some users
struggle with the gooseneck/siphon and some even break up the gooseneck
as they found that it is responsible for blocking of excreta and requires
excess water for cleaning. In areas without easy access to water they are
particularly difficult to manage. Malik Gazi a resident of the coastal village
Koyra in Khulna commented:

“In the dry season, all available water sources dry up. We are not even
able to collect enough water for drinking purposes – where will we get
the huge amount of water required for a water seal latrine? If we keep
the water-seal intact then we have to hire labour to carry water from far
distance to clean up the latrine. Who will pay for it?”
People residing in hilly regions also face the same difficulties with water
seal latrine as they lack easy access to water sources (Quazi 2002).
Ring slab designs suffer reduced longevity in areas prone to salinity, flooding and in rocky areas or areas with shallow water tables, where water is
not absorbed into the soil and pits fill up very quickly (Quazi 2003). The
various types of pans used in common latrine designs can also be difficult to
maintain; Concrete pans can become rough and difficult to clean if sufficient cement glaze is not used, while plastic pans cannot combat the acidity
of excrements and urine. As a result, they lose their slippery effect and
yellow stains develop gradually on the surface. Moreover, the location of
the footrest on common ring slabs raises problem for children to squat.

The EcoSan Concept

EcoSan is a new name for a practice that has
existed for centuries: reuse of human excreta. Rather than viewing urine
and faeces as waste, EcoSan treats them as valuable resources. EcoSan creates a hygienically safe, closed-loop, holistic alternative to conventional sanitation solutions. EcoSan systems enable the recovery of nutrients from hu-

4

See UNICEF & BBS (1995) ‘Progotir Pathey, 1994’. Dhaka: UNICEF & Bangladesh
Bureau of Statistics; DPHE-UNICEF & Ministry of LGRD&C (2001) ‘Inception report:
Environmental Sanitation, Hygiene and Water Supply in Rural areas of Bangladesh’.
Dhaka: DPHE-UNICEF & Ministry of LGRD&C; Galway, M (2000). ‘ Field Notes: New
Approaches to Promoting sanitation in Rural Bangladesh’. New Delhi: WSP. Note that
the statistics for sanitation coverage are disputed; See Cumming, O (2008) ‘Tackling the
Silent Killer: The case for Sanitation’, London: WaterAid.
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man faeces and urine for the benefit of agriculture, thus helping to preserve soil fertility, assure food security for future generations, minimize
water pollution and recover bio-energy. They ensure that water is used
economically and is recycled in a safe way to the greatest possible extent for
purposes such as irrigation or groundwater recharge.
EcoSan offers a flexible framework, where different elements and technologies can be combined to achieve optimal technical and economical solutions. The objective is to offer economically and ecologically sustainable,
culturally acceptable systems that close the natural nutrient loop. Most often, EcoSan toilets feature a composting system. Sometimes, an extra separation of urine and faeces at the source, which has several advantages for
sanitization and re-cycling, has been integrated. Alternative options include
vermi-composting, solar toilets or (in special cases), low-flush toilets with
embedded nutrient-recovery systems. In most cases, ‘black water’ is eliminated and often faecal pathogens from any urine or wash water eliminated
at the source.
History of Reuse-Oriented Sanitation Approaches5 The use of human
excreta in crop fertilization is not a new concept. Japan introduced human
and animal excreta recycling for agriculture in the 12th century. Sweden
began collecting and distributing latrine products to farmers in the 18th
century, when farmers paid a fee for urine from underground tanks to use
for crop fertilization.
However, the most widely known example, of the diligent collection
and use of human excreta in agriculture is China. Reportedly, the Chinese
were aware of the benefits of using excreta in production before 500 B.C.
They piled collected excrement, mixed it with straw and inserted bamboo
pipes pierced with holes to aerate the piles and promote composting. Composting transformed the excrement into a portable dry form that was easier
to move to the fields. Later, elaborate roadside privy buildings were constructed to attract travellers, with the objective of producing fertilizer with
the least cost to farmer.
Another early composting and drying system was developed in Syria
more than a thousand years ago. Urine was evaporated and semi-decomposed faecal matter was collected and sold. Elaborate sanitation systems

were also developed in urban centres of Yemen that enabled the separation
of urine and faeces even in multi-story buildings. Faeces was collected from
toilets via vertical drop shafts, while urine did not enter the shaft but passed
instead along a channel leading through the wall to the outside where it
evaporated. Here, faeces were not used in agriculture but were dried and
used as fuel.
In the Middle Ages, the re-use of excreta and grey water was the norm.
European cities were rapidly urbanizing and sanitation was becoming an
increasingly serious problem, whilst at the same time the cities themselves
were becoming an increasingly important source of agricultural nutrients
in faeces. The practice of using the nutrients in excreta and wastewater for
agriculture therefore continued in Europe into the middle of the 19th Century. Farmers, recognizing the value of excreta, were eager to get these
fertilizers to increase production and urban sanitation benefited.
From the 1980s to the early 21st century various countries like Sweden,
Zimbabwe, the Netherlands, Norway, Germany have been carrying out numerous research and demonstration projects for excreta reuse aimed at developing safe, sustainable, closed-loop sanitation systems.
Benefits of Reusing Excreta There are numerous ways in which reuse of
excreta can produce enormous benefits.
Agriculture
Excreta are valued because of their nutrient content and their potential to
condition soil and build humus. Based on a daily excreta production of
110g/person a family of 5 adults theoretically produces enough excreta to
provide adequate nitrogen and phosphorus to cultivate a rice plot ranging
between 40x40 m and 40x50 m in size.

5

For details on the history see, Jonah, A (2007) ‘Ecological Sanitation (Ecosan) and the
Kimberley Experience,” Thesis submitted to the Department of Water and Environmental Studies at Linköping University in partial fulfillment of the requirements for the
degree of Master of Science in Water Resources and Livelihood Security, May 2007, pp.
17–18; also see David Del Porto and Carol Steinfeld, ‘The Composting Toilet System
Book,’ CEPP,2000, Concord, pp. 3–7.

Aquaculture
Fish cultured in excreta reuse systems are of high quality and are equal or
even superior in taste and smell to fish cultivated in other ways. Adding
manure to ponds produces a high-protein fish that is much leaner (only 6%
fat) compared to fish raised on high-protein feed pellets (15% fat) and grain
(20% fat) (Edwards 1992).
Energy Production
It is possible to produce biogas from human faeces. Through urine diversion as in the EcoSan approach, human faeces can be collected for the
production of the gas. One kg of human faeces generates about 50 litres of
biogas, while the same quantity of cattle dung produces 40 litres. Chickens
are even more productive, generating up to 70 litres of biogas from 1 kg of
their droppings. Biogas is an important alternative fuel to wood, oil, LPG
and electricity. Production of biogas from the human faeces will also reduce
the risk of human infection from pathogens in the faeces and reduce presence of odour and flies. The resulting sludge from the biogas process could
also be used in agriculture (Jonah 2007, p.20).
Health Risks Related to Reuse of Human Excreta
Agriculture
The main health risks for workers who use excreta related waste for fertilization or irrigation are faecal-oral infections and soil-transmitted helminths,
or parasitic worms. Where workers come into contact with contaminated
surface water, schistosomiasis could also be a problem. Consumers of crops
are also at risk of faecal-oral infections and ingested soil-transmitted helminths
(Rottier/Ince 2003, p.86).
The health risks of using untreated excreta-related wastes for fertilizer
can be reduced by minimizing the contact between human waste and harvested crops (e.g. through subsurface irrigation). Excreta-related waste should
only be applied before the crops are planted or up to one month before the
crops are harvested.

Aquaculture
Non-bacterial faecal-oral infections, bacterial faecal-oral infections, waterbased helminths, and excreta-related insect vectors categories need to be
considered as potential sources of infection in excreta-fed aquaculture systems. Intestinal bacteria and viruses of warm-blooded animals do not cause
diseases in fish but they may be passively transferred to humans by fish
raised in excreta-fed systems. Water-based helminths parasitic to humans
may be transmitted by fish acting as intermediate hosts, for worms such as
liver flukes. Schistosomiasis, a disease caused by the water-based helminth
Schistosoma has a snail intermediate host, and may also be spread through
excreta-fed ponds. There does not appear to be much risk of insect vectors
breeding in well-managed excreta-fed ponds (Edward 1992, p. 268). Avoiding the use of fresh excreta for aquaculture, eating well-cooked fish, snail
control, and depuration (by keeping fish in clean water for a period prior to
harvest) reduces these health risks.
Biogas
Handling excreta and regularly removing sludge from a biogas plant could
be a health risk. The sludge could be heavily contaminated with pathogens
and should be handled and disposed with the same care as fresh excreta.
Low Cost EcoSan Alternatives To avoid health risks, EcoSan systems are
designed to take advantage of naturally occurring chemical and biological
process to kill bacteria and pathogens in faeces. There are three main EcoSan
systems that operate slightly different ways to achieve more or less the
same results: dehydrating systems, composting systems and soil composting
system.
Dehydrating systems divert urine away from faeces to ensure faeces will
dry effectively. This also makes it possible to use the urine separately as a
fertilizer. Faeces are deposited into a processing chamber where they are
safely contained for a period of 6 to 12 months, and ash, lime or urea is
added after each defecation to lower the moisture content and raise the pH
to 9 or higher.
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In a composting toilet, human faeces, or in some cases faeces together
with urine, are deposited in a processing chamber along with organic household or garden refuse and bulking agents (straw, peat moss, wood shaving,
twigs, etc). A variety of organism in the pile break down the solid into
humus just as eventually happens to all organic materials in the natural
environment. Temperature, airflow, moisture, carbon materials and other
factors are controlled to varying degrees to promote optimal conditions for
decomposition.
In a soil composting system, faeces and urine are deposited in a processing chamber together with a liberal amount of soil (Winblad/SimposonHerbert 2004, p.15–17).

tween 4 and 9 months), any superstructure is removed, a layer of soil is
added to the faeces and a sapling is placed into the soil. The tree grows and
utilizes the nutrients of the faeces and urine as fertilizer. Growing trees and
producing quality fruits this way has substantial economic value.
An alternative to the arborloo is the fossa alterna design in which two
pits are dug into the ground and used in rotation, much like a double-vault
toilet. The full pit can be covered with a thin layer of soil and small plants
such as tomatoes or peppers can be cultivated while composting takes place.
Once composted, the contents are dug up and use as fertilizer on gardens or
crop fields.

Alternative EcoSan Designs Based on these three systems, various designs have emerged around the world. The most common is the doublevault toilet, designed in Vietnam and now present in a number of developing countries, including India and Sri Lanka in Asia. Essentially, the doublevault toilet consists of two chambers, built above ground, for collecting and
treating faeces, while urine is diverted to a separate receptacle. People excrete in only one chamber until it fills. After each use people sprinkle a
material such as ash to absorb moisture, neutralize bad odours and make
the faeces less attractive to flies. A household of 4–6 persons can use the
first vault for about 4–5 months. When it is two thirds full, the faeces is
levelled, covered with dry soil and sealed, while the second vault is used.
When second vault is nearly full the first vault need to be emptied and
dehydrated faeces is ready to be used as fertilizer (ibid. p. 21–24). Alternatively, straw and other leafy materials can be added occasionally to the
faeces in a process of decomposition rather than dehydration (ibid. p. 29–
30). For populations that cleanse after defecation with water rather than
paper or other dry materials, a washing area has been incorporated that
diverts water away from the faeces chambers.
The arborloo is widely used in some countries of Africa, including Malawi, Zimbabwe and Mozambique. Essentially, the arborloo is a pit dug into
the ground into which people defecate and cover the faeces with a mixture
of soil and ash after each use. When it is three quarters full (usually be-

Barriers to EcoSan in Bangladesh
Religious Concerns The majority of Bangladesh’s population is Muslim
and some religious literature condemns the reuse of excreta in Muslim society. Excreta and urine, along with semen, corpses and other specified substances, are regarded as spiritual pollutants; Quranic edict and Islamic custom demands that Muslims minimize contact with these substances (Edwards
1992, p.7). Further, Islam calls for anal and genital cleansing after passing
urine or defecation, which requires special modifications in design to accommodate the use of water. However, the reuse of treated sewage effluent
seems to be perfectly legitimate from other Islamic points of view; Eminent
Scholars of Saudi Arabia expressed unanimous approval of reuse of treated
wastewater effluents for all purposes including religious washing (ibid.).
Culture Cultural barriers are perhaps the strongest factors hindering the
acceptability of the EcoSan approach in Bangladesh. As a new concept,
EcoSan is an unfamiliar alternative to the current water-dependent system
to which they are habituated. In addition, human excreta is regarded the
world over as offensive and unpleasant and it is a taboo in certain places to
handle human faeces (Jonah op.cit., 21). Many people are fecophobic and
react with disgust to the use of human excreta in agriculture. This attitude
was revealed to be true for Bangladeshis in a study conducted in 2003,
which stated that people were unwilling to discuss the reuse of human

excreta and demonstrated discomfort through their gestures. Only a small
number of respondents stated, with some hesitation, that human excreta
could be used as manure if proper composting is ensured (Quazi 2003, p.
30).
Affordability In Bangladesh, more than 80% of the population lives on
less than US$2 per day. Poverty has significant impact on the sanitation
coverage of Bangladesh, as many people argue that they cannot afford a
hygienic latrine. Given that a traditional, single-pit water-seal latrine costs
between US$ 17–19 the much greater expense for conventional EcoSan
toilets (ranging from US$ 140–579) is not within reach of the majority of
the population (Quazi 2003, p. 5).
Policies Traditionally, EcoSan has not been incorporated into the sanitation policies and strategies of the Government of Bangladesh, which promote pour-flush latrines. This has severely restricted the advance of EcoSan
in Bangladesh resulting in very limited availability and promotion of EcoSan
alternatives by non-government actors. Recently, however, Bangladesh Academy for Rural Development (BARD) has undertaken minimal implementation of EcoSan Toilets (Bangladesh Academy for Rural Development 2009).

Experiences with EcoSan in Bangladesh
Reuse of Human Excreta Despite the above-mentioned challenges to the
reuse of human excreta in Bangladesh, there exists a significant potential
for EcoSan practices to flourish. Indeed Bangladesh has some existing experience with reuse of human excreta on which to build.
In the 1980s, it was discovered that aquaculture benefited unintentionally from excreta in ditches used for defecation that, when flooded, became
populated with fish who were later harvested and sold to consumers unaware that the fish had benefited from the nutrients of human excreta (Edward
1992). More recently, there have been reports of large-scale fish farming
with the intentional use of sewage water near sewage treatment plants
(Prothom Alo 9th February 2002; 29th September). However, in 2003 the
Government of Bangladesh imposed a ban on aquaculture in such lagoons.

Limited cases of intentional application of human excreta also exist. Villagers have reported using ‘saturated pits’ for the production of a variety of
trees and plants. They reported to understand – from experience, ancestral
knowledge and television programs – the benefits in terms of quantity and
quality produced by this type of fertilizer as compared to chemical fertilizer. In addition to saturated pits, human excreta was found to be used in
cultivation after being removed from the ground in Haldhi Bunia village of
Chila union and Malgazi village of Chandpai Union in Mongla Upazila.
City surveys in Rajshahi and Dhaka carried out in 2005 revealed the use
of drainage water in peri-urban areas for irrigation. The survey indicated
that approximately 145 and 550 hectares of land are irrigated by untreated
wastewater in the peri-urban areas of Dhaka and Rajshahi respectively. The
same survey also indicated that farmers practicing wastewater irrigation
consume their own products. The use of wastewater is also supported by
some NGOs, such as Prisam’s cultivation of duckweed to feed fish (Quazi
2005).
These examples indicate a great potential for EcoSan practices to spread,
as well as highlighting the importance of ensuring that practices that reuse
human waste ensure that the waste is properly treated and the practices are
hygienic and safe.
EcoSan technologies in use Two major EcoSan technologies are currently in use in Bangladesh: biogas plants and double-vault EcoSan toilets.
Biogas plants, which convert human excreta (occasionally mixed with animal dung) into an alternative energy source, have been promoted by the
Bangladesh Council of Scientific and Industrial Research. The energy produced by the plant is used for cooking and residual waste is used in agriculture and aquaculture. Interestingly, The Arambag Islamic Trust, a religious
institution, uses human excreta through a community latrine based biogas
plant for cooking and using the residues as fertilizer after decomposing
with soil and organic solid wastes.
EcoSan toilets are being implemented by both BARD and Society for
People’s Actions in Change and Equity (SPACE), a local NGO. BARD began
constructing EcoSan toilets in 2004 with assistance from Japan Association
of Drainage and Environment (JADE). In total, 15 toilets were built in Comil-
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la. Each toilet features two faecal chambers, urine diversion systems that
collect urine in a separate chamber, and an anal washing area. Users were
taught to cover faeces with ash after defecating into one of the two holes,
covered with swathes when not in use. Faeces should be levelled using a
stick every five to ten days. The rear panels that open to allow access to the
faeces chambers are made of metal that heats in the sun and helps kill
bacteria. Washing water is directed to an evaporation bed outside the toilet
where it is hygienically absorbed. With some difficulties users have accepted
the technology and they are using urine and dried faeces as fertilizer in the
cultivation of vegetables.

Fig. 1. Hanging Latrines in Kalibari community (Mymensingh),
near the edge of the Brahmaputra river (in dry season).

SPACE has also been working to build EcoSan toilet with the support of
JADE since 2005. The design promoted by SPACE is the same as that of
BARD except there is no urine chamber; instead, urine is diverted outside
where it is collected in a portable container. SPACE has managed to reduce
the cost of constructing EcoSan toilets from the 20–35,000 Tk (ca. 290–
510 US-$6) spent by BARD to between 7–15,000 Tk (ca. 100–220 US-$7).
To date, SPACE has constructed 402 EcoSan toilets in 10 districts of Bangladesh.
In addition to household-based EcoSan toilets, SPACE has installed five
EcoSan toilets in different schools. Each school has three urine diversion
toilets and two urinals: one toilet for each of the common rooms of teachers
and girl students, and one for boys (with urinals) close to a classroom. There
are also two urine storage containers connected with plastic pipes and two
hand pumps have been set up for pumping urine to farm lands.
SPACE’s vast experience has provided great insight into the prospect for
expanded implementation of EcoSan as a water-saving approach to sanitation. The organization has found that, while some users do not necessarily
value EcoSan toilets for the fact that they convert excreta into valuable
fertilizer, there are many recognized benefits. Toilet owners recognized the
durability of well-constructed EcoSan toilets, especially during rainy periods when many areas are prone to flooding. Importantly, some users also
pointed to the reduced need for water for flushing as a major benefit, especially in areas that experience drought or where water is difficult to access.
It was also revealed, however, that a large part of the acceptance of EcoSan
toilets was due to the status associated with owning a solid, well-built latrine, a lesson that demonstrates the importance of understanding cultural
and behavioural factors when approaching sanitation.

6
7

Exchange rate from 7th July 2009.
Exchange rate from 7th July 2009.

Introduction of Non-Infrastructure Based EcoSan Alternatives Recently, Bangladesh was introduced to a non-infrastructure based single-use
toilet called the Peepoo Bag (referred to in Bangladesh as the Toilet Bag).
The Toilet Bag is essentially a specially designed bag that allows people to
urinate and defecate in a way that is hygienic and allows for human excreta
to be quickly and safely composted for reuse. The biodegradable bag has
two layers, which allows users to close waste into the bag without coming
into contact with potentially harmful bacteria in their faeces. The enclosure of waste also ensure that faeces does not come into contact with insects or water, both which can lead to human infection. The Toilet Bag also
contains 4g of urea, which serve to sanitise the faeces rapidly, making it
suitable for agricultural application very rapidly. And, like EcoSan toilets,
the Toilet Bag does not require flushing and therefore saves water.

The Toilet Bag was brought to Bangladesh as part of a feasibility study
supported by GTZ Bangladesh in Mymensingh Municipality. Three poor
urban settlements were selected for the study and a ten-day field test was
conducted with 97 participants. Surveys were conducted before and after
the field test to understand the existing sanitation situation and practices in
the selected areas and to assess the attitudes of users towards this technologically innovative approach. The feedback and the usage rates of the study
indicate that the Toilet Bag is an appropriate and desirable sanitation solution in poor urban settlements in Bangladesh and has the potential to be
extremely successful. The results of the study are currently being further
analysed to determine the scope for a larger pilot.

Fig. 2. A young girl in Mymensingh carries used Toilet Bags over to the collector.

Fig. 3. In order to raise awareness of the potential to use used toilet bags as
fertilizer, demonstration plots were planted in each of the three selected
communities. Here an official from Mymensingh Pourashava waters one of the
lemon trees planted in Kalibari community.
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Conclusion

For Bangladesh to ensure a sustainable supply of water for
drinking and other purposes, sincere efforts must be made to reduce consumption of water and protect scarce water resources from contamination.
EcoSan options present the opportunity to do both. While saving water
is not the main focus of EcoSan, which tends to emphasise the benefits of
reusing human excreta, it certainly is one of its major benefits. Reusing
faeces as fertilizer requires that it does not mix with water, and therefore
water-flushing systems are ineffectual. Moreover, the most common EcoSan
technology, double-vault EcoSan toilets, prevent contamination of surface
and ground water by processing faeces in spaces that do not come into
contact with water and prevent leakage through soil. This is also the case of
Toilet Bags, which may prove to be a more suitable answer to large-scale
water-saving sanitation in Bangladesh.
In last three decades, Bangladesh has made tremendous achievement in
sanitation coverage based on the promotion of waterseal pit latrine. From
1981 to 2007 sanitary latrine coverage increased from 1% to 85%. In 1980s
one could not have imagined this revolutionary success. The same may be
true for the way we view EcoSan today; such a paradigm shift may be impossible to conceive and yet possible to achieve. One thing is clear from the
lessons in increasing conventional sanitation coverage: progress in establishing EcoSan as a sustainable, water-saving alternative to traditional sanitation will take time, effort, focus and the participation of multiple actors.
In the same way today one may find difficulties in planning a paradigm
shift in Bangladesh towards eco sanitation system. However, the paper indicates that being majority people Muslim, the practice of reuse of human
excreta in Bangladesh exists and day by day it is increasing. In the recent
years, few organizations like BARD and SPACE have been able to implement EcoSan pilot projects in Bangladesh. Nevertheless, increasing the pace
of water-saving sanitation technologies will require the combined efforts of
the public, private, and NGO sectors, along with development agencies.
Donor agencies should dedicate more resources to water-saving technologies and initiatives; more research should be carried out by NGOs and other
institutes; capacity and awareness should be raised; and the Government
should provide appropriate policies and strategies to support water-saving
technology.

Fig. 4. Instruction material for the use of toilet bag during a feasibility study.

Fig. 5. Instruction material for the use of toilet bag during a feasibility study.
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