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8.1 ​ INTRODUCTION
The widespread occurrence of natural arsenic (As) in groundwater in Bangladesh (Figure 8.1) and its landscape 
scale of exposure have drastically reduced safe water access across the country (Chowdhury & Jakariya, 
1999; Mukherjee & Bhattacharya, 2001; van Geen et  al. 2002; Ahmed et  al. 2004; Ahmed et  al. 2006; 
Rahman et al. 2009; Ahmed & Bhattacharya, 2014; Chakraborty et al. 2015; Bhattacharya et al. 2016). Since 
the discovery of arsenic in groundwater in the country in 1993, there has been limited success in overall 
access to safe drinking water and tens of millions of people are still exposed to As concentrations above the 
Bangladesh drinking water standard (BDWS; 50 µg/L) (BDWS, 1997) which is even 5 times higher than 
the WHO guideline (10 µg/L) (WHO, 2004, 2011). The toxic effects of long-term exposure to As, a well 
known carcinogen, from drinking water are commonly manifested as skin disorders such as leuco-melanosis, 
melanosis, keratosis, gangrene and lung, kidney and bladder cancer, as well as several other non-carcinogenic 
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health effects (Smith et al. 2000; Guha Mazumder et al. 2000; Yu & Ahsan, 2004; Kapaj et al. 2006; Smith 
& Steinmaus, 2009; Argos et al. 2010; Parvez et al. 2013, 2016). The magnitude of the crisis will depend on 
the rate at which mitigation programmes are implemented (Kabir & Howard, 2007) and at present the main 
challenge is to develop a sustainable and cost-efficient mitigation option that will be adopted by the people for 
scaling up safe water access (Jakariya et al. 2003, 2005, 2007; van Geen et al. 2002, 2003; Hoque et al. 2004; 
von Brömssen et al. 2007; Bundschuh et al. 2010; Inauen et al. 2013; Hossain et al. 2014; SASMIT, 2014).

Figure 8.1  ​Distribution of arsenic in groundwater of Bangladesh showing the location of Matlab as a 
hotspot and the SASMIT study area. (Map produced by KTH-International Groundwater Arsenic Research 
Group and referred from von Brömssen et al. 2007; Nriagu et al. 2007.)

This chapter provides an overview on how the SASMIT (Sustainable Arsenic Mitigation) study was 
conducted, developed a strategy and applied to enhance safe water access in arsenic affected areas. 
SASMIT is an action research project that has developed a community based and cost efficient strategy 
for installation of safe drinking water tubewells in Bangladesh where arsenic is a major contaminant 
in groundwater. The installations are optimised on the basis of the demand for safe water among the 
underserved segments of the society as well as increased knowledge of local hydrogeological settings. 
The text in this chapter is to a substantial extent based upon the unpublished and published outputs of the 
SASMIT study, including the PhD thesis of the lead author (Hossain, 2015b) and publications written by 
the co-authors including SASMIT (2014), Hossain et al. (2014), Bhattacharya et al. (2014, 2015, 2016).

During the last two decades, source and distribution of arsenic (As) in the groundwater and the process 
of mobilization has been understood to a major extent (Mukherjee & Bhattacharya, 2001; Bhattacharya 
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et al. 1997, 2001, 2002a, b; Nickson et al. 1998; Harvey et al. 2002; Ahmed et al. 2004; Islam et al. 2004; 
Zheng et al. 2004; McArthur et al. 2004; Saunders et al. 2005; Harvey et al. 2006; Hasan et al. 2007; 
von Brömssen et al. 2007, 2008; Mukherjee et al. 2008a, b; Polizzotto et al. 2008; Polya & Charlet, 2009; 
Polya & Lawson, 2015), but there has been very limited country wide success in the field of As mitigation 
measures in Bangladesh (van Geen et al. 2002; Jakariya et al. 2003, 2005; Ahmed & Bhattacharya, 2014; 
Hossain et al. 2015). The limited progress in arsenic mitigation is attributed to:

•	 limited involvement of the local community to take their own initiative due to lack of suitable 
methods to identify the safe aquifers and installation of their own wells at relatively low costs

•	 dependence on government and other NGOs for arsenic safe wells
•	 inadequate understanding of local geological and hydrogeological constraints
•	 unplanned development/installations by different agencies where sustainability is not considered 

and/or assessed

Countrywide in Bangladesh, more than 10 million tubewells provide access to drinking water to the people, 
although a great proportion of these wells contain As considerably higher than the drinking water guideline 
of WHO (10 µg/L) and even the Bangladesh Drinking Water Standard (50 µg/L) (BGS/DPHE, 2001; BBS/
UNICEF, 2011). Various options have been deployed for arsenic mitigation both at household and community 
scales over the past two decades. These options include As-removal filters (ARF), rainwater harvesters 
(RWH), pond sand filters (PSF), dug wells (DW), hand tubewells (HTW) targeted at depths up to 100 m, as 
well as deep tube wells (DTW) mostly installed at depths of 200–250 m (Jakariya et al. 2005, 2007).

The Swedish International Development Cooperation Agency (Sida)-SASMIT project was conceived 
by KTH Royal Institute of Technology (KTH-International Groundwater Arsenic Research Group, 2007) 
together with the Department of Geology, University of Dhaka, NGO Forum for Public Health, Bangladesh 
and Ramböll Sweden AB, to develop a sustainable mitigation strategy, that rural and disadvantaged community 
can adopt and implement by themselves. As a part of the SASMIT project, all the options were assessed on 
the basis of their: (i) acceptability by local community, (ii) technical viability and (iii) their socio-economic 
implications. Outcomes of this survey, revealed low community acceptance for many of the options, except 
the As-safe tubewells as an acceptable source of safe drinking water acceptable to communities over the major 
part of the country (Jakariya et al. 2005, 2007; Kabir & Howard, 2006; Hoque et al. 2004; Ahmed et al. 2006; 
Hossain et al. 2014, 2015). However, drilling to depths beyond 100 m is difficult through the locally available 
hand-percussion techniques. The SASMIT project was conceived to develop, systematize and operationalize 
an approach to identify and target the safe aquifers, considering both hydrogeological suitability and social 
aspects for tubewell installation to provide safe drinking water to communities exposed to elevated arsenic at 
low cost. SASMIT also recognized the role of local driller community as the main driving force for installation 
of tubewells, as majority of tubewells (>90%) in the country are installed privately by local drillers (SASMIT, 
2014). The SASMIT project thus also aimed to improve the indigenous skills of the driller community to 
target safe aquifers for tubewell installation and develop their entrepreneurship.

8.2 ​ THE SASMIT ACTION RESEARCH AND IMPLEMENTATION
8.2.1 ​ Assessing available safe water options
Various alternative drinking water options were provided in the Matlab area, during the Sida supported-
AsMat (Arsenic in Matlab) project (2001–2006) (AsMat Report, 2007). These options were evaluated 
through social survey in the project intervention area (SASMIT, 2014; Hossain et al. 2015). Tubewells are 
the most preferred and accepted source of safe drinking water especially to women and children, mainly 
due to ease of installation, operation, availability of water and maintenance (Figure 8.2). The proportion of 
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safe wells is very limited relative to the overall demand, as the cost for deeper tubewell installation is not 
affordable by the poor and disadvantaged population (SASMIT, 2014; Hossain et al. 2015).

0% 20% 40% 60% 80% 100%

Arsenic safe tubewells

Rain Water Harvester

Pond Sand Filter

Bacteria removal filters

Arsenic removal filters

Opera�onal

Failure

Figure 8.2  ​Performance analysis on different options deployed for arsenic mitigation in the Matlab area 
of Bangladesh (SASMIT, 2014).

8.2.2 ​ Perception of local tubewell drillers and practice for tubewell 
installation
Tubewell technology was first introduced in Bangladesh (the erstwhile East Pakistan) in 1970 primarily 
for agricultural development (World Bank, 1970). However, there has been a steady growth of tubewells 
as source of drinking water supply through interventions by the governmental and non-governmental 
agencies and 90% of the estimated 10 million tubewells in Bangladesh are installed by tubewell drillers, 
through the initiatives of the local community and recognized as the main driving force for installation 
of safe tubewells (Jonsson & Lundell, 2004; von Brömssen et al. 2005, 2007). With growing demand 
for groundwater exploitation for drinking water supply both in rural and urban Bangladesh, it will be 
increasingly important that the local tubewell drillers target safe aquifers for drinking water supplies. 
The drillers commonly categorize the sediments into four colors namely: black, white, red, and off-white. 
Based on an earlier study in Matab, Bangladesh (von Brömssen et al. 2007), perception of sediment color 
by the local drillers, led to the postulation of a four color hypothesis. The four color hypothesis (Figure 
8.3) indicates that arsenic risk varies with the sediment color, being highest with the black color sediments 
and gradually reduces towards red. The relation between sediment color and concentration of As in 
groundwater was validated through a rigorous hydrogeological investigation, sediment characterization, 
and water quality monitoring and the results have been used to develop a sediment color tool to be used by 
the tubewell drillers for installation of shallow tubewells. It is important to note that a number of studies 
carried out in different parts of the Bangladesh and West Bengal (van Geen et al. 2003; Jonsson & Lundell, 
2004; McArthur et al. 2004; Stollenwerk et al. 2007; Pal et al. 2008, 2009; Hossain et al. 2010; Hug et al. 
2011; Datta et al. 2011; Biswas et al. 2012; Hossain et al. 2014) have indicated similar findings.

8.2.3 ​ Two innovations for installation of safe tubewells
8.2.3.1 ​ Sediment Color Tool for targeting As-safe aquifers at shallow depths
For characterization of sub-surface sediments and installation of piezometers to monitor water quality, 
test  borings were done using the available local technology in 15 locations spread over 410 km2 area 
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of SASMIT project area in Matlab. Sediments were sampled from each 1.5 m (5 ft) section and were 
characterized by visual inspection for documentation and preparation of lithologs. Targeting shallow, 
intermediate-deep and deep aquifers (in relative terms) and also sediments of varying colors, 78 depth-
specific piezometers were installed in 15 nests (Figure 8.4). In addition, secondary data reflecting the 
depths of As peaks in groundwater and water table fluctuation were also taken into consideration.
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Figure 8.3  ​The four sand color perceived by the local drillers with corresponding risks of elevated 
concentration of As in water with varying redox (adapted from von Brömssen et al. 2007).
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Figure 8.4  ​Design for the assessment of hydrogeological suitability through installation of multi-level 
piezometer nests in Matlab, Bangladesh targeting the shallow, intermediate deep and deep aquifers.
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The sediment color tool was developed through a iterative process, based on (i) the observations on the 
physical characterization of the sediment samples and their color during the installation of the piezometer 
nests up to a depth of 100 m, and (ii) a long term monitoring of the water quality in the different piezometer 
nest wells. From extensive field-trials in the study area, it was realised that local drilers can drill down to 
a depth of 100 m by hand-percussion (sludger) method. This situation is true for many other places in the 
country. In addition to the installed piezometers, some other drinking water wells were also monitored for 
which the color of sediments at the screen positions were known.

Groundwater samples were collected from 144 wells screened at depths with known sediment color 
during the period between 2009 and 2011 covering both pre- and post-monsoon seasons, and analysed in 
the laboratory for detailed water chemistry for major ions and trace elements including arsenic.

In terms of depth and As concentration, wide range of variability was observed for the black sediments, 
however 50% of wells (n = 33) in black sediments at very shallow depth (10–40 m) revealed average As 
concentration of 239 µg/L which is manifold above the Bangladesh drinking water standard and WHO 
guideline (Table 8.1). In the context of probability of As-enrichment in water abstracted from black-colored 
sediments, it is apparent that these are ‘high-risk’ sediments and recommended to avoid installation of tubewells 
in black sediments. On the contrary, groundwater from wells installed in shallow, red color sediments found 
within a depth ranging from 47 to 82 m (n = 39) had As concentration lower than the Bangladesh drinking 
water standard of 50 µg/L. Average and median values of As collected from the wells installed in the red 
sediments were below the WHO guideline value of 10 µg/L. Water collected from 25 wells installed in 
off-white sediments also show a quite similar pattern in terms of depth and As concentration. The white 
sediments seemed of less importance for installation of tubewells at shallow depths.

Table 8.1  ​Statistical summary of As concentration in groundwaters derived from the sediments of four 
broad color groups.

Color of 
Aquifer 
Sediment

Number 
of Wells

Depth 
Range 
(m)

Number of 
Samples 
Analyzed

Compliance 
with BDWS 
(%)

Compliance 
with WHO 
Guideline 
(%)

Max 
(µg/L)

Min 
(µg/L)

Mean 
(µg/L)

Median 
(µg/L)

Black 66   9–91 230 17 9 740.8 5.6 239.2 240.1

White 14 58–104 49 71 21 150.6 5.6 36.1 27.7

Off-white 25 24–88 119 88 60 43.9 2.6 12.1 8.4

Red 39 47–82 123 100 62 21.8 2.6 9.4 8.6

(Unpublished SASMIT database, Hossain et al. 2014).

Groundwaters abstracted from black sediments have Ca-Mg-HCO3 to Na-Cl-HCO3 as dominant 
water types, while it is predominantly Na-Cl-HCO3 type in case of white and red sediments (Figure 8.5). 
Abundance of Ca and Mg was also observed in waters derived from off-white sediments. Groundwater 
abstracted from the black sediments had high concentration of HCO3

−, DOC, Fe2+, NH4
+ and PO4, 

concomitant with low Mn and SO4
2− content. In contrast, in waters from wells screened in red and off-

white sediments, Mn and SO4
2− concentrations were high with corresponding low levels of HCO3

−, DOC, 
Fe2+, NH4

+ and PO4. However, the levels of Mn in wells in both red and off-white sediments, were higher 
than the previous WHO guideline value of 0.4 mg/L (Table 8.2). In the revised guideline, WHO (WHO, 
2011) has withdrawn the regulatory limit for Mn, on the premises that Mn concentrations in drinking water 
sources worldwide are well below the health based guideline value of 400 µg/L and hence there is a need 
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for re-evaluating the guideline value of Mn in drinking water (Ljung & Vahter, 2007). Although, the levels 
of Mn in groundwater in the Bengal Basin is in general a matter of concern, it is a crucial determinant for 
advocating the exploitation of red and/or off-white sand aquifers for installation of shallow tubewells from 
the perspectives of Water Safety Plan (WHO, 2004).

Figure 8.5  ​Major ion composition of groundwater derived from the four distinct sediment color groups 
plotted on a Piper diagram. (SASMIT Database, Hossain et al. 2014.)

From all the 15 locations, 2240 sediment samples were collected up to a depth of 100 m and characterized 
on the basis of their color and grain size. For assigning color of the sediments, and then to categorize them 
into four colors as perceived and practised by the local drillers, the following three steps method (Hossain 
et al. 2014) was used to develop the sediment color tool (Figure 8.6):

Step-1: Immediately after collection of sediment sample, each of them was described based on the 
visual inspection in the moist condition and this color has been recorded as ‘field observed color’.

Step-2: Each sample was then compared with the Munsell Color Chart and using this chart Munsell 
Color and Munsell Code were recorded respectively. These two steps (1 and 2) eventually led to 
finding all possible color varieties.

Step-3: In the narrow down process, each sample was finally assigned to one of the four colors – black, 
white, off-white and red (Figure 8.3). These four colors are the driller’s perception of sediment 
color which they have gained through their work experience. During the assignment of four colors, 
participatory approach was considered with utmost importance taking the opinions of local drillers, 
field geologists and technical experts into account.



106	 Best Practice Guide on the Control of Arsenic in Drinking Water

Table 8.2  ​Statistical summary of redox sensitive elements in groundwaters from four broad color groups 
of aquifer sediments.

Sediment Color Black White Off-White Red

No. of wells 66 14 25   39

Number of 
groundwater 
samples 
monitored

230 49 119 123

Redox 
Parameters

Max Min Mean Max Min Mean Max Min Mean Max Min Mean

Mn (mg/L)   4.0 0.01 0.7   2.1 0.01 0.5   4.3 0.01 2.0   4.8 0.2 2.0

Fe (mg/L) 40.3 0.01 6.5 30.9 0.8 7.1 10.8 0.1 2.0 18.9 0.01 1.7

SO4 (mg/L) 39.3 0.01 1.9 20.7 0.01 1.4 54.4 0.01 3.9 72.9 0.01 5.7

HCO3 (mg/L) 1052 122 454 465 84 276 641 87 227 648 61 222

DOC (mg/L) 29.6 1.4 9.6 11.5 1.3 4.8   9.8 0.3 3.5 10.3 0.6 4.5

NH4-N (mg/L) 57.8 0.01 6.3 10.2 0.01 1.7 12.8 0.01 0.48   2.6 0.01 0.2

PO4-P (mg/L) 11.5 0.01 1.7   4.7 0.01 1.1   3.7 0.01 0.3   0.8 0.01 0.1

(SASMIT Database, Hossain et al. 2014).

Figure 8.6  ​The color scheme based on the 4 color hypothesis with Munsell color and codes for the aquifer 
sediments recovered at shallow depths (<100 m). (Revised from SASMIT, 2014; Hossain et al. 2014.)
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8.2.3.2   A simplified tool for the local drillers
The Sediment Color Tool has been further simplified to make it conveniently usable in the field by the local 
drillers and other stakeholders. In the process of simplification, all possible color shades under each of the 
four color groups were again categorized into light (1), moderate (2) and deep (3) shades to cover the entire 
range of the variability of the respective color (Figure 8.7).

Figure 8.7  ​A simplified prototype of Sediment Color Tool for deployment in the field to be used by the local 
drillers and other stakeholders.

The local drillers would be able to use this simplified tool for making a decision on the appropriateness 
of the targeted sediments for the installations of shallow tubewells for drinking water supply.

8.2.3.3 ​ Intermediate Deep Tubewells (IDTW) – Newly explored source 
of safe drinking water
Tubewells installed by the local drillers are the most widely used and socially accepted drinking water 
option in rural Bangladesh, which signifies the importance of identification of safe aquifers within a 
reasonable depth for scaling the safe water access in affected regions of Bangladesh. Depth of the tubewell 
is a key parameter in the context of groundwater quality and cost of tubewwell installation. In Bangladesh, 
a large proportion of the shallow wells (usually <80 m) are affected by arsenic contamination, and as a 
mitigation option, deep hand tubewells are installed usually to a depth range of about 250 m, which costs 
about 4–5 times of the installation cost of shallow tubewells. Compared to the demand for safe water 
tubewell, the number of deep wells is still very limited mainly because of the cost of installation, which is 
beyond the affordability of the poor and disadvantaged community of society (Bhattacharya et al. 2015).

The shallow aquifers characterized by sands of red and off-white color are the potential source of As-safe 
water, but elevated Mn is a concern for the compliance with the previous WHO limits for Mn and thereby 
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the compliance with the Water Safety Plan (WHO, 2004). Considering the water quality data revealed from 
the groundwaters derived from red and off-white sediments, and based on field trials and water quality 
monitoring of piezometers, the SASMIT project made an attempt to find an option which could be suitable 
for compliance with the Water Safety Plan in the context of both As and Mn. Based on the hydrogeological 
investigation (hydrostratigraphy and hydrogeochemistry), a strategy was developed systematically, to explore 
the intermediate-deep aquifer for tapping As-safe and low manganese groundwater. This allowed the 
discovery of the groundwater resources between traditional shallow and deep aquifers for the installation of 
tubewells for the first time for drinking water supplies. These aquifers targeted at a depth of 120 m and below 
have been termed as intermediate deep aquifers (IDA) and the tubewells installed targeting these aquifers 
are termed as intermediate deep tubewells (IDTW) (Figure 8.4b). Detailed water chemistry results including 
As, Mn, major ions and other trace elements for 243 IDTWs installed in Matlab “provided promising results 
which support the strategy for exploitation of IDA as safe sources for installation of drinking water tubewells” 
(SASMIT 2014; Bhattacharya et al. 2014, 2015). Among 243 wells, only 3 wells exceeded the Bangladesh 
drinking water standard for As (50 µg/L) “and more than 91% (n = 222) were within the WHO guideline 
value of 10 µg/L. For Mn, 216 wells (89%) show concentration lower than the previous WHO guideline value 
of 0.4 mg/L” (SASMIT 2014; Bhattacharya et al. 2015; Hossain, 2015) (Figure 8.8).

Figure 8.8  ​Arsenic-safe and low manganese well statistics for the Intermediate Deep Tubewells (IDTW)  
(referred from SASMIT 2014; Hossain, 2015).

Replication trials conducted in five upazilas, namely Gazaria, Bhedarganj, Shibchar, Palong and 
Muradnagar in south-central and south-eastern Bangladesh validated the wider applicability of the IDTW 
as an emerging source for drinking water supplies. The local drillers can target similar sand at this depth 
in range, the cost of installation per well could be reduced by 50% of the cost of deep tubewell installation. 
Thus IDTW is considered a novel innovation for promoting safe water access faster by the local community 
taking into account affordability (SASMIT 2014; Ahmed & Bhattacharya, 2014; Bhattacharya et al. 2014, 
2015; Hossain, 2015).

8.2.4 ​ Integration of technical and socio-economic aspects for 
optimisation of safe water access
The process of action research leading to the development of SASMIT strategy involving a novel 
combination of technical (hydrogeological suitability) and social aspects strengthened the initiative of the 
local tubewell drillers at the community level and local capacity building for arsenic mitigation. Based on 
the monitoring of water quality in the piezometer nests and considering safe buffer distances around these 
piezometer locations, clusters of villages (mauzas) were intervened for selection of sites for safe tubewell 
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installation. Social mapping of all the villages within the targeted mauzas were carried out to make an 
assessment of the availability of safe water options for all clusters of households (baris) (SASMIT, 2014; 
Bhattacharya et al. 2014; Hossain, 2015). In optimization of site selection, priority was given to the baris 
with no or limited safe water access and poor and underserved households. The tubewells were installed 
considering the easy access to the site from all households within the respective cluster (Figure 8.9).

Figure 8.9  ​(Top) Existing safe water access and household economic status; (Bottom left) Village 
consultation meetings; and (Bottom right) cluster of households (baris) identified for tubewell installation 
during SASMIT implementation.

Adapting this strategy, 96% of the newly installed wells were safe with respect to As resulting in scaling 
up the safe water access from virtually non-existing to up to 40 percent (Figure 8.10). It is also important 
to mention that as compared to the outcomes of the action research on hydrogeological suitability and the 
demand for safe drinking water in Matlab, the resources for implementation could only cater improvement 
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of the safe water access preferentially targeted in areas with poor to very poor access to safe water. The 
knowledge generated from the current SASMIT research has a potential for expanding the safe water access 
scenario through continuous implementation in the Matlab region making this a model as sustainable 
development solution (SDS) to achieve the Vision 2030 UN SDG (UN-SDSN, 2016).

Figure 8.10  ​Improved safe water access in the Matlab area from the installed IDTW following the 
SASMIT methodology (Hossain, 2015).

8.2.5 ​ Capacity building of the local drillers
The ever increasing dependence on groundwater in Bangladesh, for drinking water supplies especially 
in the rural areas, enhances the significance of the role of the local drillers, although widespread As 
contamination pose a challenge to them in tubewell installation. Local drillers are the main driving force 
for tubewell installation, and their perception on the nature of the sediments in terms of color, depth and 
water quality should be taken as a key consideration during implementation of drinking water supply 
projects. The close interaction and mutual sharing of knowledge and experience between the local drillers 
and the project team will contribute to optimize the sites for installation of safe tubewells. Involvement of 
the drillers in the context of capacity building would also help to develop entrepreneurship, in addition to 
enhancing awareness and knowledge for targeting safe aquifers, and thereby to reduce the exposure to As 
contamination on a country-wide scale.

8.3 ​ COMPLIANCE WITH THE POLICY REGIME OF SUSTAINABLE 
ARSENIC MITIGATION IN BANGLADESH
Lack of adequate integration of evidence-based research results and the societal aspects, previous efforts 
of arsenic mitigation could not bring any visible change in the scenario of scaling-up safe drinking water 
access for millions of population exposed to the risk of chronic arsenic poisoning. Among the three major 
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challenges for Bangladesh rural water supply, outlined in the Sector Development Plan (FY, 2011–2025) 
for the Water and Sanitation Sector (Policy Support Unit (PSU, 2011), arsenic has been identified as the 
priority contaminant due to its adverse health outcomes.

The Sida-SASMIT concept (SASMIT, 2014) offers a unique example for improvement of the safe 
drinking water access through:

•	 Providing safe and affordable access to water for the remaining areas in the country where risks of 
arsenic exposure is high

•	 Red sand aquifers could be a low-cost option which would minimize the exposure of arsenic
•	 Intermediate deep aquifers (IDA) could be a feasible option for tackling both arsenic and manganese. 

Approximately at half of the cost needed for DTW, the IDTWs affordable by the communities 
would be helpful to enhance the safe water coverage faster

•	 Wider applicability of SASMIT strategy through mapping of intermediate deep aquifers as safe 
water source as the action research component of SASMIT during the future implementation process 
with other sector organizations at a country wide scale

•	 Incorporate relevant social aspects for implementation of tubewell installation considering the 
demand and ensuring resource optimization to maximize the number of beneficiaries

•	 The recognition of the role of the local tubewell drillers as the driving force in tubewell installation 
is important to regulate the abstraction of water through different wells according to the recently 
ratified Bangladesh Water Act (2013).

The Sida-SASMIT project implementation has adequately addressed the necessity of the development 
of the capacity of the local drillers to identify the safe aquifers for installing drinking water wells. This 
will also form a strong base for their professional development to enabling them to participate and lead the 
way to work in collaboration within the local institutions and participate in decision making process for 
installing a new tubewell for the end users.

8.4 ​ CONCLUSIONS AND FUTURE OUTLOOK
The SASMIT strategy developed through a combination of hydrogeological suitability and social aspects 
can improve the safe water access in arsenic affected areas (Bhattacharya et al. 2014; SASMIT 2014). 
It also helps ensuring the capacity building of the local drillers for identification of safe aquifers for the 
installation of safe drinking water tubewells. installation. Social mapping has been used as an important 
tool for optimization of sites for ensuring easy access to new safe well installations for a greater number of 
beneficiaries. Such mapping would be also useful as a reference for the evaluation of the improvement of 
safe water access from future implementations (Bhattacharya et al. 2014; SASMIT 2014).

The Sediment color tool developed on the basis of perception of the sediment color by the local driller’s 
and monitoring of water quality is recommended to target safe aquifers for the provision of arsenic-safe 
drinking water. SASMIT has also discovered intermediate deep aquifers (IDA) for the installation of 
intermediate deep tubewells (IDTW) producing As-safe and low-Mn water for compliance to the Water 
Safety Plan (Bhattacharya et al. 2014; SASMIT 2014). Sustainability of the mitigation option needs to be 
assessed through long term water quality monitoring as prioritized in the Sector Development Plan (2011–
2025) for Bangladesh. Collaboration of the Strategic National Partners with the Sida-SASMIT project 
consortium would facilitate the process of up-scaling the safe water access in the country.

Wider applicability of SASMIT strategy is envisaged for arsenic mitigation in Bangladesh and across 
the globe in areas with similar hydrogeological environments. Based on the methods developed by 
SASMIT, implementation of safe well installation carried out in Matlab, has been very much successful 
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and promising. In addition to the up-scaling of safe water access, this method involved local drillers that 
ultimately led to their capacity building for entrepreneurship as well as to convey the message (awareness) 
to the community at large. For validation, replication trials have already been successfully made in some 
other areas with limited scope and resources.

SASMIT strategy has been shared through Policy and Strategy Documents, and Best Practices Manual 
with policy makers and sector agencies towards improvement of safe water access. This strategy allows 
installing safe wells based on (1) limited hydrogeological investigation to ensure the optimum rate of success 
and sustainability; and (2) implementation plan using GIS based simple and quick social mapping to ensure 
relatively uniform distribution to optimize the safe water access with respect to the number of installations.

However, there will always be needs for further monitoring and surveillance and the development of 
database with open access to see the changes in the improvement of safe water access, complementing 
the scenario of potential risks of As contamination and the sustainability of arsenic-safe drinking water 
supplies. Groundwater management is an important determinant for the success, as the proliferation of 
irrigation wells may impact regional and/or local level hydraulics in the context of cross-contamination. 
In long-run, it emphasizes the local driller’s education and to bring them under a regulatory framework 
which will make them more responsible to target safe water sources during tubewell installation practice. 
Therefore, without further delay in involving further research, it is important to accelerate the mitigation 
efforts using present knowledge and the developed SASMIT strategy.
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