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Groundwater Exploitation and Its Environmental Consequences in Bangladesh: A Review
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Abstract: The review attempted to present the scenario of groundwater exploitation and its consequences in Bangladesh.
The study considered the data and information published in Journals, newspapers, and reports of the government and
non-government organizations. The irrigation water use of the country mainly depends on groundwater sources (about
73%). The study observed that groundwater irrigation increased from 41% to 73% between 1983 and 2018, whereas
surface water irrigation decreased from 59% to 27% for the same period in Bangladesh. The review observed that the
increasing trend in groundwater dependency was higher than the surface water for irrigation purposes across the country.
Hence, adequate measures should be taken for sustainable groundwater resources management.
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Introduction: Groundwater, the foremost vital natural resources of the world that includes concerning 95% of the
fresh on our planet, makes it a basic would like for human life and socio-economic development. Virtually 2 billion
individuals directly take groundwater for drinking purposes.Groundwater dependent agriculture provides 40% of the
world food that the role of groundwater is extremely vital in our life [1]. Groundwater containing natural objects of
soil, sand, and rocks is named geological formation and it can move slowly in the aquifer [2]. Groundwater is water
that is below the ground surface and not exposed to the atmosphere like in ponds or lakes. The surface waters in
ponds or lakes are contaminated by human activities and not sufficient for agriculture, domestic or industrial use.
The groundwater aquifers area unit most typically used for domestic and agricultural functions within the country
because of its accessibility and quality. People drill through the bottom rock below the surface soil and reach the
groundwater reservoir from wherever the water is wired out water meeting the strain [3].

The water table may be deep or shallow and may rise or fall depending on several factors. Heavy rains or melting
snow may cause the water table to rise, or heavy pumping of groundwater supplies may cause the water table to fall.
Groundwater is replenished, or recharged, by rain and snowmelt that seeps down into the cracks and crevices
beneath the land's surface. Due to less natural replenishment of groundwater and anthropogenic pollution people
face severe water crises in different parts of the world [4].

Aquifers are typically made up of gravel, sand, sandstone, or fractured rock, like limestone. Water can move through
these materials because they have large connected spaces that make them permeable. Groundwater flowing speed
depends on the porosity of the soil or rock in the aquifer [5]. Water in aquifers is brought to the surface naturally
through a spring or can be discharged into lakes and streams. Groundwater may also be extracted through a well
drilled into the aquifer. A well is a pipe in the ground that fills with groundwater. This water can be brought to the
surface by a pump. Shallow wells may go dry if the water table falls below the bottom of the well. Some wells,
called artesian wells, do not want a pump because of natural pressures that force the water up and out of the well. In
areas whenever material on top of the aquifer is permeable, pollutants can readily sink into groundwater supplies.

Groundwater quality is deteriorating due to many anthropogenic activities, such as septic tanks, uses of fertilizer and
pesticide in agriculture, solid waste disposal from municipalities, and industries that contain heavy metal and other
toxic pollutants, etc. [6-8]. Arsenic contamination level in groundwater in many parts of the world has aroused
attention due to a lot of higher concentrations than that of the World Health Organization’s (WHO) drinking
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water standard. This situation has become more serious in Bangladesh, India (West Bengal in particular), and Nepal
in the Indo region as a result of resource pressures from growing populations moreover as surface water
contamination [9-12]. As more and more people are drilling borewells to tap the source of water, the groundwater
table gets lower and lower. The shallower strata may not yield enough water and also the borewell may become dry
and supply less than what we have a tendency to need. The result is that the consequent borewell that is placing
within the neighborhood, will go deeper than the previous one. The objective of this review is to assess groundwater
exploitation and its consequences on the environment. A holistic approach to groundwater management is to be
required to build sustainable water research management.

Irrigation Land and Water Uses: Almost 90 percent of consumptive water uses and about 70 percent of the global
freshwater withdrawals are responsible for irrigation purposes [13]. The groundwater availability for irrigation has
contributed to manifold increase in crop productivity in Bangladesh [14-16]. About 79 percent of irrigation water in
Bangladesh is collected from groundwater [17]. According to the FAO 2011 report, the total water withdrawal was
35.87 km® in 2008 in Bangladesh. Approximately 28.48 km® of the total water withdrawal comes from groundwater
and 7.39 km® from surface water [18]. Fig. 1 was drawn using FAO 2011 report, which showed that the agriculture
sector is the single largest consumer of the total groundwater resources in Bangladesh. Almost 88% of the total
water withdrawal is responsible for irrigation and livestock [18].

Figure 2 was constructed from BUET 2005, BADC 2003, BADC 2013, BADC 2019 and NMIDP 2001 report,
presents the historical development of different types of pumps in Bangladesh [19- 23]. It shows that the number of pumps
is increasing very rapidly in Bangladesh [22]. The unsustainable withdrawal of groundwater causes water table decline as
well as increased water supply cost [24]. Moreover, the continuation of unsustainable groundwater withdrawal caused
many shallow and hand pump tube wells exhausted during the dry season of the country.
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Fig. 1: Sector wise total water uses in Bangladesh.
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Fig. 2: Different types of water withdrawal pumps used in Bangladesh.
[DTWs: Deep Tube wells, STWs: Shallow Tube wells, LLPs: Low Lift Pumps].
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Figure 3 was developed using the data sources BUET 2005, BADC 2003, and BADC 2019 report [19, 20, 22]. It
shows that the groundwater extraction for irrigation purposes was higher than that of surface water in Bangladesh.
Recently the dependency on surface water irrigation projects is increasing, but the rate is not encouraging yet to
meet sustainable water resource management. The irrigation water use of the country mainly depends on
groundwater sources (about 73.44%) [22]. Alternative water resources including rainwater harvesting, surface water
resources must be considered for use in domestic, agricultural, and industrial purposes for environmental
sustainability.
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Fig. 3: Area irrigated with groundwater and surface water in Bangladesh between 1987 and 2018 [SW: Surface
Water, GW: Groundwater].

According to NMIDP 2001 and BADC 2019, it was found that groundwater irrigation was increased from 41% to
73%, whereas surface water irrigation was decreased 27% from 59% in the year between 1983 and 2018 in
Bangladesh (Fig. 4) [22, 23]. As a riverine country, the surface water for irrigation is not enough, and a closer look
into the matter should have taken for sustainable water resource management.

80

70

60

2
E sa
g 40 4 uGW
2 msw
30 4 W
:
= 20 A
10

1982-1983 2017-2018

Fig. 4: Groundwater (GW) and surface water (SW) resources (%) for irrigation purposes.

The dependency of Dhaka Water Supply of Dhaka City is mainly dependent (87%) on groundwater through deep
tube wells [25]. All deep tube wells withdraw water from the local underlying 140-meter thick Dupitila aquifer,
which is a very productive aquifer [26].

Fig. 5 was drawn using data published in the DWASA 2000, and DWASA 2017-2018 reports showed that the
drastic increasing trend of water supply quantity parallels with the number of deep tube wells in Dhaka city [25, 27].
The dependency of the water supply of Dhaka city is 87% on groundwater obtained from Dhupitila aquifer [26, 28].
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Fig. 5: Water supply and number of deep tube wells of DWASA.

Table 1 shows that water table depletion per year is 0.202 meter in Rajshahi (Tanore) and 1.78 meter in Dhaka
(Lalbagh). The groundwater depletion rate in Dhaka City is much higher than that of in Rajshahi. The rapid
industrialization and urbanization around Dhaka city are domain causes of groundwater depletion. But, the irrigation
water extraction in Rajshahi District is the main cause of water table depletion. The study observed that the water
table reached at 23.66 and 83.66-meter depth in Rajshahi District and Dhaka City, respectively, by the year 2050, if
the unsustainable withdrawal of groundwater use is continuing.

It is found that groundwater is depleting due to huge withdrawal all over the Rajshahi and some areas are very
critical especially the Northern part of Rajshahi. The main source of recharging of groundwater in Rajshahi is
rainfall which is also reducing day by day. Average rates of maximum depth in the dry season and minimum depth
in wet season groundwater depilation are 0.23 and 0.38 meter/year, respectively. The rate of declination of minimum
depth is higher than that of maximum which means groundwater recharge is declining due to the withdrawal of
excessive groundwater [31-35].

Table 1. Comparison of water table depth in Rajshahi District and Dhaka City.

depletion Simulated
Location Year Depth (meter) Reference
m/year depth in 2050
Rajshahi 1985 10.30
0.202 23.66 [29]
(Tanore) 2009 15.36
Dhaka 1980 1.50
1.78 83.66 [30]
(Lalbagh) 2003 42.51

Consequences of Groundwater Overexploitation: Bangladesh requires a huge quantity of water for irrigation. The
groundwater aquifers are the major sources to meet the requirement through groundwater extraction from the
shallow and deep aquifers of the country. The study results showed that excess withdrawal of groundwater from
these aquifers has resulted in depletion of groundwater level. The management of the water sector has become
essential and radical changes towards a balance between resources and demand equation became inevitable for a
continuous yield of water resources to ensure the equity of the resources of the future generation. The unsustainable
groundwater withdrawal for irrigation, urbanization, and industrial purposes causes serious environmental
degradation in Bangladesh. The groundwater and surface water are interrelated, so integrated water resources
management should be needed. The following consequences may have occurred due to the overexploitation of
groundwater in Bangladesh

e  Groundwater overexploitation caused a decline in the groundwater table.
e The water table declination will increase the pump installation cost.
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e  Groundwater table declining may cause salinity intrusion in coastal areas.
e Land degradation may occur.

Conclusion: The groundwater availability for irrigation has contributed to manifold increase in crop productivity in
Bangladesh. About 90 percent of irrigation water in Bangladesh is collected from groundwater. The unsustainable
withdrawal of groundwater causes water table decline as well as increased water supply cost. Moreover, the
continuation of sustainable groundwater withdrawal caused many shallow and hand pump tube wells to be
exhausted during the dry season of the country. The irrigation water of the country mainly depends on groundwater
sources (about 73%). The study observed that groundwater irrigation increased from 41% to 73% between 1983 and
2018, whereas surface water irrigation decreased from 59% to 27% in Bangladesh. The study illustrated that the
groundwater depletion rate in Dhaka City is much higher than that of Rajshahi. The study found that the main source
of recharging of groundwater depends on rainfall. Alternative water resources including rainwater harvesting,
surface water must be considered for use in domestic, agricultural and industrial purposes for environmental
sustainability.
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