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S A M M A NF A T T NING
Arsenik (As) i grundvatten använt som drickasvatten är ett mycket allvarligt problem,
särskilt i Sydostasien, där grundvattnet är den främsta källan för dricksvatten.
Bangladesh är ett av de länder där arsenikförgiftning i grundvatten är mycket omfattande och det är viktigt att finna en alternativ, tillförlitlig och säker källa för dricksvatten eller åtminstone behöver man identifiera de arsenikrika brunnarna för att
undvika att vatten från dessa nyttjas som dricksvatten. Denna studie försöker att
utvärdera om färgen på brunnsplattformen kan nyttjas som en billig och snabb metod
för att uppskatta arsenik och mangan-halt i brunnar för dricksvatten (n=272). Resultatet visar hög korrelation mellan röd färg på plattformen med vatten som har högre
halt än WHOs hälsogränsvärde på 10 µg/L (98,7% säkerhet) och regional
(Bangladesh/Indien) standard på 50 µg/L (98,3% säkerhet). Känsligheten och
effektiviteten av röd färg på plattformar för att detektera förhöjd arsenikhalt i
rörbrunnar är 98% respektive 97% för gränsen 10 µg/L och för regional standard
(50 µg/L) är dessa värden 98% respektive 98%. På grund av färre antal rörbrunnar
med svart färg på plattformen (n=4), är det inte möjligt att dra någon slutsats om
potentialen för svartfärgad plattform som ett verktyg för detektion av förhöjd
manganhalt. Denna studie tyder på att röd plattformsfärg potentiellt kan användas för
en första detektion av rörbrunnar med förhöjda arsenikhalter och att underlätta
framtagandet av ett hållbart sätt att hantera arsenikproblemet. Denna studie ger inget
svar på om svart plattformsfärg kan användas för att detektera förhöjda manganhalter
i rörbrunnar. Ytterligare studier krävs för att utvärdera effektiviteten av svartfärgade
plattformar som en detektionsmetod.
Nyckelord: Bangladesh, grundvatten, arsenik, mangan, rörbrunnar,
plattformsfärg.

v

M. Annaduzzaman

TRITA-LWR Degree Project 12:35

vi

Effectiveness of Tubewell Platform Color as Screening Tool for As and Mn in Drinking Water Wells

A C K NO LED GEME NT S
First of all I would like to express my gratefulness to the Almighty Allah for giving me
the opportunity to carry out this thesis work. With due respect and my sincere
gratitude, I would like to acknowledge my advisor Prof. Prosun Bhattacharya at the
Department of Land and Water Resources Engineering, Royal Institute of Technology
(KTH), Stockholm, Sweden, for offering me this opportunity and his guidance,
encouragement and support throughout the work.
I am also thankful to Dr. Kazi Matin Ahmed, Professor at the department of Geology,
University of Dhaka, Bangladesh for his supervision at local level and for providing
me relevant information about study area before planning the field activities.
I have thoroughly enjoyed working with my co-supervisor Ashis Biswas, PhD
Research Fellow at KTH. His excellent cooperation in different stages like laboratory
analysis of water samples, classification of platform color and making interpretation
helped me a lot to bring the whole work into the current format.
I am thankful to Mohammed Hossain, National Coordinator of SASMIT project and
PhD Research Fellow at LWR, KTH for introducing me with all possible details of
SASMIT project and the investigation sites in Matlab area.
I appreciate Ann Fylkner and Magnus for their help during water sample analysis in
the laboratories.
Last but not least, I am thankful to Mohammad Jahid Alam, Syed Golam Sarwar,
Golam Kibria, Mohammad Rofiuddin Robi, Ratnajit Saha, Md. Ileash, Alam, Awlad,
Omar Faruk and Chan Mia for their enormous help and friendly manner during my
field work in Matlab. I really enjoyed many memorable times with them during my
staying in Matlab. Thanks to all of them for making my times wonderful and pleasent.
Finally, I would like to acknowledge the International Program Office (IPK) and
Swedish International Development Cooperation Agency (Sida) for their financial
supports to carry out this study as a Linneaus-Palme Exchange student.

vii

M. Annaduzzaman

TRITA-LWR Degree Project 12:35

viii

Effectiveness of Tubewell Platform Color as Screening Tool for As and Mn in Drinking Water Wells

T A B LE OF C O NT E NT S
Preface ................................................................................................................................... iii
Sammanfattning ...................................................................................................................... v
Acknoledgements ..................................................................................................................vii
Table of Contents .................................................................................................................. ix
Abstract....................................................................................................................................1
1.
Introduction ...................................................................................................................1
1.1.
1.2.
1.3.
1.4.

Circumstantial of Research ......................................................................................1
Drinking Water Practice in Bangladesh ..................................................................2
Mitigation Concern ..................................................................................................2
Objectives of the Study.............................................................................................3
2.
Study Area ......................................................................................................................3
2.1. Location....................................................................................................................3
2.2. Water Sources ...........................................................................................................4
2.3. Local Climate ...........................................................................................................4
2.4. Hydrogeology...........................................................................................................4
2.5. Aquifer System .........................................................................................................4
2.6. Groundwater Flow Hydraulics .................................................................................5
2.7. Sedimentaralogical and Hydrochemical Scenarios..................................................5
2.7.1.
2.7.2.

Arsenic............................................................................................................................... 5
Manganese ......................................................................................................................... 7

2.8.

Mobility of Arsenic and Manganese in Groundwater ..............................................7
3.
Materials And Methods .................................................................................................7
3.1. Field Work ................................................................................................................7
3.2. Groundwater Sampling ............................................................................................8
3.3. Data and Sample Analysis ........................................................................................8
3.4. Statistical Assessment of Platform Color .................................................................9
4.
Results And Discussion .................................................................................................9
4.1. Distribution Patterns of As, Mn and Fe .................................................................10
4.1.1.
4.1.2.
4.1.3.
4.1.4.

4.2.

Occurrence of As, Mn and Fe Considering Platform Color ...................................12

4.2.1.
4.2.2.
4.2.3.

4.3.

Arsenic............................................................................................................................. 10
Iron.................................................................................................................................. 10
Manganese ....................................................................................................................... 11
Interrelationship of As, Fe and Mn................................................................................... 12
TWs with Red Colored Platform ...................................................................................... 13
TWs with Black Colored Platform .................................................................................... 13
TWs with Non-Identified (NI) Colored Platform ............................................................. 14

Scenarios over Different Colored Platform Wells...................................................14

4.3.1.
4.3.2.
4.3.3.

Arsenic............................................................................................................................. 14
Manganese ....................................................................................................................... 14
Iron.................................................................................................................................. 14

4.4.
4.5.
4.6.
4.7.

5.
6.

Evaluation and Effectiveness as Screening Tools for As .......................................16
Evaluation and Effectiveness as Screening Tool for Mn .......................................16
Predictive Value and Prevalence of Screening Tool ..............................................17
Comparison with Concurrent Studies ....................................................................18
Conclusions And Recommendations ..........................................................................19
References....................................................................................................................20

ix

M. Annaduzzaman

TRITA-LWR Degree Project 12:35

x

Effectiveness of Tubewell Platform Color as Screening Tool for As and Mn in Drinking Water Wells

A B ST RA C T
Arsenic (As) contamination in groundwater is a severe and adverse water quality issue
for drinking purposes, particularly in Southeast Asia, where groundwater is the main
drinking water source. Bangladesh is one of the countries where arsenic poisoning in
groundwater is massive and it is essential to find out a reliable alternative safe drinking
water source. In this process, it is very much needed to identify As-rich wells to avoid
drinking water from them and to assess the extent of contamination as well. This
study attempts to evaluate the potentiality of tube-well (TW) platform color as lowcost quick screening tool for As and Mn as well in drinking water wells (n=272). The
result shows strong association of red color platform with As-rich water in the
corresponding wells compared to WHO guideline value of 10 µg/L (98.7% certainty)
and regional (Bangladesh/India) standard of 50 µg/L (98.3% certainty). The
sensitivity and efficiency of red color platforms to screen high As water in TW for
10 µg/L are 98% and 97%. Similarly, for 50 µg/L, it is 98% for both sensitivity and
efficiency. However, because of a very low number (n=4) of TW platform stained
with black color, it is not possible to make any conclusion on the potentiality of black
color as a screening tool for Mn. This study suggests that red colored platform can be
potentially used for primary identification of TWs with elevated As concentration and
to prioritise sustainable As mitigation management. However, this study does not
discard the concept of black colored platform as a screening tool for Mn-rich water.
Further study is recommended to evaluate the efficiency of black color as a screening
tool for Mn.
Key words: Bangladesh, Groundwater, Arsenic, Manganese, Tube-well,
Platform color
through drinking water and food (Chatterjee et
al., 2010).
Elevated Mn in drinking water has also been
recognized as a threat for human health, especially, for mental growth of children though as not
harmful as exposure to As (Wasserman et al.
2006; Buchmann et al. 2007; Ljung et al. 2007;
von Brömssen et al., 2008; Bundschuh et al. 2010;
Nath 2011; Hug et al., 2011; Biswas et al., 2012).
In Bangladesh, Mn occurrence as a natural contaminant in both shallow and deep groundwater wells is observed in many areas (Tasneem
& Ali, 2010).

1. I NT RO D U C T IO N
Clean water accessibility has been listed as a
human right by United Nations. However, only a
small fraction of the available water on the earth
is potable comprising surface water and groundwater sources. Unfortunately, a number of organic and inorganic pollutants from both natural
and anthropogenic sources contaminate water,
which is the reasons for limiting safe drinking
water sources (Rahman, 2009). In many countries, the dependence on groundwater is relatively high as the sources of drinking water. Recently, the natural occurrence of Arsenic (As) and
Manganese (Mn) in groundwater of shallow
alluvial aquifers have been identified as severe
water quality problem in many countries of the
world, e.g., Argentina, Bangladesh, Bolivia,
Canada, China, Ghana, India, Myanmar, Nepal,
Nicaragua, Pakistan, Romania and U.S.A.
(Bhattacharya et al., 2010).
Bengal Delta Plain (BDP), consisting Bangladesh
and a major portion of West Bengal, India is
identified as one of the wickedest environmental
health disasters area (Chakraborti et al., 2002;
Smedley and Kinniburgh, 2002; Bhattacharya et
al., 2007; Nriagu et al., 2007; von Brömssen,
2012). Consequently, millions of people living in
this region are exposed at risk of As toxicity

1.1. Circumstantial of Research
Bengal Delta Plain (BDP) is one of the largest
deltas in the world which formed by the Ganges,
Brahmpautra and Meghna (GBM) river systems.
Arsenic in groundwater of Bangladesh is geogenic but not attributable to anthropogenic actions
(Bivén & Häller, 2007). Deposition of sediments rich in As carried out by GBM is the main
cause of As in groundwater. These rivers transport sediments (sand, silt, clay) from Himalayan
Mountains which are weathered by wind, ice,
rain and grinding. As a post-depositional change,
iron (Fe) minerals oxidize and form Fe (III)
oxyhydroxides, which absorb/adsorp arsenic. By
the deposition of new sediments on the old ones
for year after year, old sediments become buried.
1
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Arsenic-enrichments are bounded by Holocene
alluviums and cover about 70% of the uppermost aquifer system of Bangladesh (BGS, 2001;
Ahmed et al., 2004; Biven & Haller, 2007). In
most of the areas, sediments are thick and have a
good water bearing capacity.

1.2. Drinking
Bangladesh

Water

Practice

concentration of As in TWs water varies widely
mainly because of the variation of geology even
in local scale and also the tubewells are installed
at different depths. Therefore As in groundwater
cannot be predicted by testing a small number of
TWs in an area. However, screening all TWs by
standard laboratory analysis needs enormous
resources and not easy due to lack of transporttation of acidified samples to laboratory, technical availability, preservation, social acceptance,
availability of proper manpower (Rahman et al.
2006; Jakariya et al., 2007; Biswas et al., 2012). It
is also time consuming and in most cases people
may not wait until laboratory result. To find out
a proper system for determining As level in TWs
water within a short time frame and at relatively
low cost, a number of different field test kits
have been proposed by researchers like Van
Geen et al. (2005) and jakariya et al. (2007). Some
commercial field test kits are also available , e.g.,
Quick Arsenic, Merck Hach EZ, Wagtech Digital Arsenator (WFTK), and Chem-In Corp field
test kits (van Geen et al., 2005; Jakariya et al.,
2007; Steinmaus et al., 2006; Sankararamakrishnan et al., 2008; Biswas et al., 2012). Again using
kits are expensive for many users and not
available to rural communities. In addition, deciding and/or finding the most reliable kit is yet an
important concern.
On the top of arsenic severity, in the recent days,
Mn also draws attention as a water quality issue
as in many places of the country, Mn concentration is quite high. However, despite the widespread occurrence of Mn, it gets low priority,
probably as it is not toxic as As. Manganese removal from drinking water is possible by oxidetion, precipitation or filtration, but need to know
the concentration before application of removal
technique (Tasneem & Ali, 2010). However,
limited field measurement techniques are available to determine Mn concentration in TWs
water. Hach field test kit (Model MN-5) is one
of the field measurement kits for Mn but its consistency has not been verified yet (Biswas et al.,
2012). For measuring the concentration of As
and Mn, research is going on. Besides laboratory
analysis and on spot measurements by field test
kits and their suitability, it is important to know
which wells are As or Mn rich. It could be extremely useful if it is possible to determine in an
easy way from external feature of the wells.
Recently, McArthur et al. (2011) and Biswas et al.
(2012) proposed that color stain developed on
TWs platform can be used to screen As and Mn
in installed TWs within shallow aquifer (<70 m).
They observed that black stain arises due to Mn-

in

Since 1940s, drinking water practice in Bangladesh has been shifted from surface water to
groundwater (abstracted by tube-wells). Historically, the surface water in Bangladesh has been
polluted by microorganisms, which are causing
different waterborne diseases among the population. The main health problems are gastrointestinal diseases in children, diarrhea, cholera, typhoid etc. For reducing the water borne diseases,
United Nations Children’s Fund (UNICEF)
started tube-wells installation in 1970s with
collaboration of Department of Public Health
Engineering (DPHE). Until the discovery of
arsenic contamination, it was assumed that groundwater sources were safe for drinking water
supply (Smith et al., 2000). Around 6-11 million
of tube-wells were installed at different depths
ranging between 20 and 70 m (UNICEF, 2003;
Jakariya et al., 2007). That is why groundwater
(TWs water) became the main drinking water
sources (90% people depends on groundwater)
(Ahmed et al., 2004; Ahmed, 2003; BGS, 2001).
In the last 20 years, it has been reported that
groundwater sources are highly contaminated
with geogenic As (Smith et al., 2000). It was also
reported that As concentration exceeded the
World Health Organization (WHO) drinking
water guideline value (10 µg/L) and Bangladesh
Standard limit (50 µg/L) for safe drinking water
in 46% and 27% of the shallow tubewells
(<150 m depth) respectively (BGS & DPHE,
2001; WHO, 2011; von Brömssen et al., 2007).
Consumption of As contaminated drinking water creates health problem e.g. skin cancer, internal organ damages, lung cancer, bladder cancer
and people can die due to the consequence of
these diseases (Biven & Haller, 2007). Researchers are trying to solve these drinking water
problems by providing mitigation measures
and/or by investigating new safe drinking water
sources.

1.3. Mitigation Concern
Groundwater from Holocene sediments is more
contaminated with As than groundwater from
Pleistocene sediments (Bhattacharya et al., 1997;
Nickson et al., 1998, 2000; Rahman, 2009). The

2
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oxides on the TWs platform and indicates as As
safe. And red stain arising by Fe-oxides on
platforms is indicative of As-rich wells. Biswas et
al. (2012) tried to establish platform color as an
As- and Mn-screening tool and got a significant
result from the hypothesis. This particular color
formation on the platform and relation with Fe,
As and Mn concentration in water is mainly due
to different biogeochemical interactions.



Determining the correlation between platform color and the presence of Arsenic,
Iron and Manganese.



Assessing the platform color as a tool for
screening As and Mn in shallow TWs in
Matlab region.

1.4. Objectives of the Study

The study area is located over an area of approximately 25 km2 (N 23.41819-23.48980 to E
90.59529-90.63375) that includes Satnal, Kalakanda, Sengarchar and part of Sadullahpur union
in Northwestern part of Matlab North Upazila,
Chandpur district, Southeastern Bangladesh and
about 65 km southeast from Dhaka city. The
study area is located at the confluence of
Meghna, Brahmputra and Ganges (Padma)
rivers. The river Dhanagoda separates the study
area from Matlab South Upazila (Fig. 1).

2. S T U D Y A REA
2.1. Location

The aim of this study is to evaluate the platform
color of tubewells as a tool to identify the presence of As and Mn in tubewells installed in shallow aquifers.
The specific objectives are:
 Determining the distribution of Arsenic,
Iron and Manganese concentration in
shallow depth tube-wells (<70 m) in the
study area.

Fig. 1. Map showing the study area in Bengal Delta Plan and Bangladesh with Arsenic
distribution.
3
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2.2. Water Sources
Among several existing options for water sources like pond, river, rainwater harvesting, dug
wells, shallow and deep tube-wells, all are not
safe for drinking purposes. This is a low-lying
area which goes under water during monsoon
(May to October). Most of the surface water
bodies are contaminated by several organic and
inorganic contaminants. This is the main reason
to use groundwater as primary water resources
for drinking purposes. According to International Centre for Diarrhoeal Disease Research,
Bangladesh (Bivén & Häller 2007), approximately 95% of total Matlab people use tubewells as
potable water. However, groundwater in Matlab
Upazila is highly contaminated with geogenic As.
About 60% of total TWs in Matlab have As level
above 50 µg/L (BRAC University, 2007; Biven
& Haller, 2007). Consequently Matlab area has
become a hot spot in Bangladesh and has got a
very attention for As research work all over the
world.

Fig. 2. Average monthly total rainfall (mm)
around Matlab area for 5 years (2005-2009)
(Mozumder, 2011).
and transmission. It is mainly controlled by formation sequence, lithology, thickness and subsurface geological structure (Rahman, 2009). In
terms of redox characterrristics, Matlab subsurface geology can be divided into oxidezing and
reducing aquifers (distinguished by sediment
color and water chemistry). Tubewells are installed in both aquifers. Reduced aquifers produce
water containing more As than that from
oxidezed aquifers (Jonsson & Lundell, 2004; von
Brömssen et al., 2007; Biven & Haller, 2007).

2.3. Local Climate

2.5. Aquifer System

Bangladesh is a tropical country. The climate in
study area is hot and humid. The temperature
ranges from 11°C during winter (December to
February) to 35°C during summer (June to October). Fig. 2 shows the average monthly total
rainfall. The maximum rainfall is around 500 to
600 mm and occurs in the month of July. Average of total annual rainfall measured during five
years period from 2005 to 2009, at the station
CL360 (Hajigonj) and CL354 (Chandpur) were
2024 and 1904 mm respectively. Major portion
of this rain takes place during the month of May
to October (Mozumder, 2011).

A number of organizations conducted their hydrogeological studies in Bangladesh and introduced four major groundwater-bearing zones.
By considering hydro-geological characterristics,
in 1986 Master Plan Organization (MPO) divided the aquifer system of Bangladesh into upper
and lower aquifer sequences, where upper aquifer is assemblaged with sands, silts and clays
(refilled by rainfall, floodwater, pond and river
water etc.) and lower aquifer is recharged by its
eastern unconfined outcrops of Tripura and
Sylhet hills.
Based on geophysical survey (vertical electric
soundings) and borelogs, a generalized aquifer
system is prepared by Rahman, (2009) for
Matlab area (Fig. 3) which can be described as
below.
Aquitard-1 consists mainly of silty clay with high
porosity and low permeability. This unit is relatively thin and the bottom is limited within 9 m
below the ground surface. Although it forms the
upper boundary of the aquifer 1 as a semipermeable layer, this horizon is very important in
terms of its hydraulic characteristics as it regulates the vertical recharge to underlying aquifers.
Aquifer-1 consists of sandy material of different
sizes, mainly ranging between fine and medium
sand, which formed as a part of Chandina deltaic
flood plain deposits. The wide ranging thickness
of this unit varies from 2 m to 71 m. Most of the

2.4. Hydrogeology
Bangladesh is divided into 15 different zones for
groundwater development based on geologic
criteria. The study area is in ‘G’ zone which
primarily consist of old flood plain. According to
National Water Management Plan (NWMP,
2000), Matlab area forms part of Southeast hydrologic region of Bangladesh. Matlab area is
situated in the Lower Meghna Flood Plain (LMFP), which is characterized by, natural leve
es, meander channels and scrolls and back swamps prepared by river scheme (Mozumder,
2011). Geologic conditions along with high
rainfall are the favorable conditions for groundwater in Bangladesh. Groundwater development
at any place is fully dependent on the hydraulic
characteristics of sub-surface materials and
thereby their capacity in terms of water reservoir
4
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Fig. 3. Aquifer system in Matlab area (Rahman, 2011).
shallow TWs are installed in this aquifer system
(which is enriched with high As).
Aquitard-2 consists of silty clay and clay materials. The thickness varies from 5 m to 60 m and
plays a role to protect vertical infiltration of As
rich water from upper layers.
Aquifer-2 consists mainly of sand particles comprising fine and medium sand, which provides As
safe water (deep TWs). The thickness of this
aquifer system is sufficient for sustainable groundwater development and varies between 14
and 100 m.
Aquitard-3 mainly consists of silty clayey materials, which is mostly occurred in sporadic forms
as localized unit.
Aquifer-3 composed of silty sand, fine sand, medium and course sand.

of rainfall. The weekly measurement of water
table from SASMIT piezometers (Table 1), are
shown for presenting the distribution of HH
(average) in the shallow, intermediate and deep
aquifers. The groundwater elevation reaches in
its peak in the month of September and minimum in April/May. The peak was 7.12 m from
MSL during monsoon period (July-October) and
lowest was 0.74 m from MSL during dry seasons
(Late October-November) (Mojumder, 2011).

2.7. Sedimentaralogical and
Hydrochemical Scenarios
2.7.1. Arsenic
Arsenic (As) is a metalloid, which belongs to
group XV and period 4 in the periodic table of
elements. Arsenic is recognized as twentieth
abundance metal in the earth’s crust compared
to other components (Bhattacharya et al., 2002).
Within more than 300 minerals, As is found as
arsenate (60%), sulphides and sulpho salts
(20%), oxides (10%) and other minerals bearing
compounds including arsenite (Drahota &
Filippi 2009). Arsenic has crystal structure and
similar to sulphur (S) and As may be a substitute
for S in sulphide minerals like in pyrite, FeS 2. It
may also be a substitute for Si4+, Al3+, Fe3+ and
Ti4+ and therefore, it may be found in many rock
forming minerals at low concentrations. Weathering and oxidation of minerals are the main
source of arsenic in sediments and soils (Bhattacharya et al., 2002; Smedley & Kinniburgh, 2002).

2.6. Groundwater Flow Hydraulics
Information of groundwater flow system is very
important for hydrogeological analysis. Conversely for shallow aquifer the information is very
limited for study area. Bangladesh Water Development Board (BWDB) installed six piezometers to monitor groundwater level in Matlab area. Sustainable Arsenic Mitigation (SASMIT) project also installed depth-specific piezometer nests in 15 differenet locations of Matlab
(Fig. 4) for monitoring hydraulic heads in differrent aquifers. In Matlab area there are no long
term groundwater fluctuations but only periodic
fluctuation is observed due to seasonal variation
5
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Fig. 4. Map of study area with Pizometer nest.

Table 1. Average of hydraulic head measurements (groundwater elevation) observed in SASMIT
piezometers (Mozumder, 2011).
Dry Season (09/10)

Dry Season (09/10)

Fluctuation (09/10)

SASMIT
piezometer

Shallow

Intemediate

Deep

Shallow

Intemediate

Deep

Shallow

Intemediate

Deep

3P
4P
5P
6P
7P
8P
9P
10P
11P
12P
13P
14P
15P
16P
17P

0.75
2.34
1.5865
5.236
7.6795
5.393
1.951
5.051
1.666
3.311
8.64
1.705
0.775
1.402
-2.251

0.734
-0.779
-0.811
4.7525
7.066
5.0715
1.748
3.857
6.7
0.294
-0.466
-3.896

0.706
-1.61
-1.25
4.31
6.283
4.707
-0.2
4.307
1.611
2.799
6.643
0.08
0.21
-0.72
-5.59

4.85
5.386
5.0315
6.511
10.0195
6.758
3.831
6.881
3.796
5.601
-

4.519
4.126
3.804
6.5275
9.226
6.7115
3.928
4.797
-

4.206
3.452
3.804
6.59
8.763
6.977
3.5
6.527
3.491
-

4.1
3.045
3.445
1.275
2.34
1.365
1.88
1.83
2.13
2.29
-

3.785
4.905
4.615
1.775
2.16
1.64
2.18
0.94
-

3.5
5.05
4.55
2.28
2.48
2.27
3.7
2.22
1.88
-
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Natural As in groundwater varies broadly from
<50 µg/L to 5000 µg/L. Arsenic is commonly
present in inorganic form in natural water, but
sometimes is found in organic form when waters
become highly contaminated and mainly presents in oxidation states (-3, 0, +3, +5) subjected
to the redox potential (Eh). Arsenic is mostly
present as oxyanions of trivalent arsenite,
As (III) and pentavalent arsenate, As (V). Arsenite species are dominant in reducing conditions
and H3AsO3 is predominant at pH lower than
9.2 and H2AsO3- at higher than 9.2. Groundwater is usuallay found as mixture of waters with
different redox potentials. Arsenic (III) existence
in groundwater is an indication of reducing
conditions of shallow aquifer (Smedley & Kinniburgh, 2002) which is discussed below.
In Bangladesh, the source of As in groundwater
is natural and washed water flow from As-rich
deposits (Himalayan-derived sediments) in soil.
In general shallow aquifers are more contaminated than deep aquifer due to prevailing redu
cing condition. According to Burgess et al.
(2010), As contamination in deep aquifers depends on geometry of tempted groundwater flow
and geochemical condition.

2.8. Mobility of Arsenic and Manganese
in Groundwater
Arsenic (basically As (V) and As (III)) is adsorbed to positively charged metal oxides, predominantly to Fe, Al, Mn and also to clay minerals (Ali & Ahmed, 2003). Arsenic (V) is adsorbed strongly than As (III) due to higher negative
charge. Arsenic has best correlation with Fe,
Fe (III) oxyhydroxide forms. Small particles with
large specific surface areas facilitate to bind dissolved elements like phosphate (PO43-) and As.
Arsenic mobility also depends on pH, redox condition and biological activity (Smedley & Kinniburgh, 2002). Iron oxyhydroxides, the oxidetion product of pyrite is a good adsorbent of As
and not permitted to release in water (Stuben et
al., 2003). However, in reducing condition As is
released from Fe oxyhydroxides and contribute to As-enriched groundwater. It can be happened during changing in redox conditions of
the aquifer system.
In the aquifer system, during lowering of redox
condition due to microbial oxidation of organic
matter Mn oxyhydroxides are reduced prior to
the reduction of Fe oxyhydroxides since Mn
oxyhydroxides is a stronger electron acceptor
than Fe oxyhydroxides (Stuben et al., 2003). After reducing Mn oxyhydroxides, As is released to
groundwater and this As is readily adsorbed to
Fe oxyhydroxides and as a result water becomes
Mn-rich and consequently low As. When this
Mn-rich water is extracted by TW, Mn is oxidezed to MnO by atmospheric oxygen, which produces black coloration on TW platform. If the
redox condition of the aquifer reaches to the
stage of iron reduction, Fe as well as adsorbed
As are mobilized to groundwater and on abstraction of this groundwater produces red color of
FeO on TW platform. As manganese is more
soluble than Fe in water at normal pH, Fe
precipitates before Mn. However it is vice-versa
for higher Mn/Fe ratio (Gingborn & Wåhlen,
2012).

2.7.2. Manganese
Manganese (Mn) is a chemical element classified
as a metal that belongs to group VII and period
4 in the periodic table. Manganese metals are also recognized as one of the most abundant
metals in air and soils. It is generally found in
oxides and hydroxides states. The most common
forms of Mn are oxides, sulphides, carbonates,
silicates, borates and phosphates, but not as base
metals.
Normally Mn concentration in freshwater can be
ranged between 1 µg/L and 200 mg/L. Howe
ver, Mn concentration in groundwater generally
varies from 1 µg/L to 10000 µg/L (WHO,
2006). It is reported that in acidic anaerobic condition sometime Mn concentration in groundwater reaches up to10 mg/L. In aerobic waters,
Mn levels exceed standard limit when polluted
by anthropogenic sources such as Industrial
pollution from mining and steel industries.
As oxide, Mn is present in different states,
among which the most important ones are Mn2+,
Mn4+ and Mn7+ (WHO, 2003; Gingborn &
Wåhlen, 2012). Manganese (II) is predominant in
natural water with carbonate at normal pH (4-7)
(IPCS, 1999; Gingborn, & Wåhlen, 2012). In
groundwater, at lower oxygen levels, Mn (IV)
may be reduced to Mn (II) by chemical or bacterial reactions.

3. M A T E RIA LS A ND M E T HOD S
This research has been carried out on the basis
of literature review, secondary data collection
and data processing, field work, laboratory analysis of water samples collected from selected
wells, analysis of the results, interpretation and
presentation.

3.1. Field Work
The field work was carried out during September to October, 2011. A total of 272 TWs of
shallow depth (12 m to 52 m) were surveyed
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Fig. 5. Study area in google map with TW locations.
with their platform color (Fig. 5). From all these
wells surveyed, water samples were collected for
laboratory analysis.
The geographical coordinates of each tube-well
were collected by Global Positioning System
(GPS, Garmin-GPS60) receiver. In the field,
major platform coloration was examined very
carefully. Each Platform picture was captured by
a digital camera (Sony Cyber Shot -W220, 12
MP, 4x optical zoom). Owner’s opinion was
recorded for platform color and age of the
platform and tubewell.

acidified by ultrapure nitric acid (14M HNO3) to
preserve metal in water in dissolve state. The
overall sampling procedure may be stated as
below:

Pumping the TWs for at least 5 to
7 minutes before sampling to get water
from TWs filter level;

Sample bottles were rinsed for at least two
times with filtered water (same sample
water);


The 20 ml sample bottle was filled by twothird with filtered water and acidified with
concentrated HNO3 and finally filling up
the rest with filter groundwater without
leaving free space;



Finally all bottles were labeled in the spot.

3.2. Groundwater Sampling
For water chemistry analysis, water was collected
from each TW (n=272) in a 20 ml plastic bottle.
During sampling, every TW was purged for few
minute to get water from filter level of TWs
(Depth in ft=no. of purged). For minor and
trace elements analysis, water was filtered through 0.45 µm Sartorius membrane filter to remove colloidal materials and other unwanted particles from water sample. After filtering, water was

3.3. Data and Sample Analysis
The collected and generated data were prepared
and processed by ArcGIS 9.3 and Google Earth
for mapping. The entire acidified water samples
were sent to Sweden for chemical analysis. The
8
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trace elements, such as Fe, Mn and As, of sampled water were analyzed by Inductively Coupled
Plasma Optical Emission Spectrometry (ICPOES) with auto sampler, at the Department of
Geology and Geochemistry, Stockholm University, Sweden.

Describes the possibility that a positive test
consequences is correct, e.g. the probability that
a red well has high As content.

3.4. Statistical Assessment of Platform
Color

Similar to PPV but describes the possibility of
negative test consequence is correct, e.g. the probability that a black well has a low As content.
PPV and subsequently NPV are reliant on the
prevalence of the investigated contamination in
the entire TWs, e.g. As contaminated wells (in
Percentage) with respects to all sampled TWs.
To show this, a plot showing PPV vs. Prevalence was made by changing the prevalence when
computing PPV by the following process.

A statistical analysis based on Bayesian statistics
was carried out to defining the effectiveness of
platform survey according to pathological investtigation. The analysis was based on a matrix
using four consequences, True Positive (TP),
False Positive (FP), False Negative (FN), and
True Negative (TN). Sensitivity, Specificity, Efficiency, Positive Predictive Value (PPV) and
Negative Predictive Value (NPV) were also determined from the consequence result of the test
matrix.

4. R E S U LT S A ND D IS C US S IO N
In presenting the results and in making the analysis and interpretation, two approaches were
used: (a) without considering platform color and
(b) considering platform color.
In order to see the distribution pattern of As,
Mn and Fe and relation among them, concentration observed through the whole depth range
(up to 52 m) were categorized into different
depth ranges, such as 12-15, 15-18, 18-21, 21-25,
25-30 and 30-52. Average of the concentrations
of all the wells belonging to different depth
classes mentioned above are provided in the
following table (Table 2). Pattern of distribution
and interrelation among these metals are discussed below.

The percentage of all positive magnitudes that
were correctly predictable, e.g. the percentage of
wells with high As content, which were classified
as red.

The percentage of all negative magnitudes that
were correctly predictable, e.g. the percentage of
wells with low As, which were classified as black.

Dealings the results, which proportion of properly adjudged with respect to total number of
tested wells, e.g., the percentage of wells in both
the “True” classes.

Table 2. Average concentration of As, Mn and Fe with respect to depth ranges and total number of
tubewells in each depth class.
Average of Concentrations (µg/L)
Depth (m)

Number of wells, n
As

Mn

Fe

12-15

22

212

1128

7095

15-18

42

256

1029

8189

18-21

122

336

1069

7502

21-25

58

277

1108

6620

25-30

18

308

1025

5214

30-52

10

246

1038

5401
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While the platform color was taken into
consideration, the wells were again categorized
using three color groups (Red, Black and None
Identified) of the platforms. Concentrations
were also looked at among these three color
groups. The effectiveness of platform color as a
tool for screening As and Mn was then
evaluated.

50 µg/L, and only 2 (0.7%) are within the range
of 50 µg/L to 10 µg/L. As concentration below
detection limit of 5.6 µg/L was observed in 3
(1.1%) TWs.. From statistical analysis the mean,
median and standard deviation are calculated
296 µg/L, 230 µg/L and 182 µg/L respectively
(Fig. 6a).
All surveyed wells are installed in shallow reach
within the depth range of 52 m. Almost 90%
(n=244) TWs are installed within the depth of
12 m to 25 m, which, in general, show very high
concentration of As and the variations of
concentration among these wells is quite
insignificant (Fig. 7a). With increasing depth
(>25 m), As concentration was found relatively
lower (Table 2 and Fig. 8a). From overall results,
it is evident that nearly all TWs are unsafe for
drinking purpose.

4.1. Distribution Patterns of As, Mn and
Fe
4.1.1. Arsenic
The main stream 99% (n=269) of surveyed TWs
(n=272) exceeded the WHO guideline value of
As concentration of 10 µg/L.
Bangladesh
drinking water standard (BDWS) of 50 µg/L
exceeded in 98% (n=267) of the wells. These
observations show only 3 and 5 TWs are found
safe according to WHO and BDWS respectively.
A wide range of As concentration was observed
with as high as 757 µg/L, and the lowest being
even below the ICP-OES detection limit of
5.6 µg/L. Most of the wells (94%, n=255) have
As concentration over 100 µg/L. Among other
wells, 12 (4.4%) are in the range of 100 µg/L to

4.1.2. Iron
World Health Organization does not have any
drinking water guideline value for Fe, but some
expert personnel on food herbs and JEFA
recommend 2000 µg/L, as the safeguard to
counter surplus Fe storage in the body. According to Gingborn & Wåhlen (2012) excessive Fe

Fig. 6. Concentration distribution of
(a) Arsenic, (b) Manganese and (c) Iron
in studyTWs.

Fig. 7. Study TWs with corresponding
(a) Arsenic, (b) Manganese and (c) Iron
concentrations distribution.
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consumption through water is not a threat for
human health. Bangladesh drinking water
standard for Fe is 1000 µg/L from aesthetical
point of view. People are usually unwilling to
drink water having elevated Fe as it affects the
taste of water. If the concentration level of Fe is
below 300 µg/L, no significant color change
occurs on platform (Gingborn & Wåhlen 2012).
When the concentration level exceeds 300 µg/L
water becomes reddish-brown color because of
the oxidation and precipitation of Fe it forms
red coloration on tubewells platform.
Iron distribution in surveyed wells showed a
wide range of concentration between 192 µg/L
and 25366 µg/L. From statistical analysis the
mean, median and standard deviation values for
Fe distribution are 7163 µg/L, 5543 µg/L and
5259 µg/L respectively (Fig. 6c). Among all
surveyed wells 87% (n=237) exceeded
2000 µg/L. About 11% (n=30) wells have concentrations between 2000 µg/L and 1000 µg/L
and only 5 wells (1.8%) show Fe below
Bangladesh standard of 1000 µg/L. From the
above analysis, almost 100% surveyed TWs
(except 2) exceed 300 µg/L of Fe, which causes
the red coloration on platform. This observation
of high Fe along with high concentration of As

Fig. 9. Average concentration distribution
of (a) Fe-As*10, (b) Fe-Mn*5 and (c) MnAs over depth.
in these wells typically supports the reductive
dissolution hypothesis of arsenic release in
groundwater. In relation to depth, average iron
concentration is decreasing with the increase in
depth (Table 2, Fig. 7c and Fig. 8b).
4.1.3. Manganese
Manganese in surveyed TWs showed a wide
range of concentration between 16 µg/L and
3534 µg/L. About 94% (n=256) of surveyed
TWs (n=272) exceeded the previous WHO
guideline value of 400 µg/L, Among all other
low-Mn wells (n=16, 6%), only 1 TW have

Fig. 8. TWs Number and concentration of
(a) Arsenic, (b) Iron and (c) Manganese
distribution over depth.

Fig. 10. Fe and Mn (<400 µg/L) distribution of 16 wells.
11

M. Annaduzzaman

TRITA LWR Degree Project 12:35

With respect to depth (Table 2), Mn concentration was found high in all depth classes,
which, in other words, there is no depth-specific
variation in Mn among all these shallow
tubewells.
4.1.4. Interrelationship of As, Fe and Mn
Considering relation among As, Mn and Fe, the
analysis show that As is positively correlated to
Fe, which means As increases with increasing
concentration of Fe and vice versa (Fig. 9a). The
scatter plot (Fig 11a) also reflects the same
observation.
In almost all cases, with high Fe, Mn was also
found high (Fig 9b). In the scatter plot (Fig 11b)
the trend clearly indicates no variation of Mn
among all the results and as a result similar kind
of relation exist between As and Mn also (Fig 9c
and 11c).
From this analysis on inter-relationship, it is
clearly evident that this observation supports the
previous findings of the platform color tool
principle for As and Fe.

4.2. Occurrence of As, Mn and Fe
Considering Platform Color
The sampled TWs are classified into three color
groups (Fig. 12), two groups with distinguished
and clearly visible color black and red and the
third group as none identified (NI) where no
colr has been developed. Within 272 sampled
TWs, 233 (86%) platforms are red and 4 (1%)
were found black Remaining 35 (13%) tubewell
platforms were identified as NI. (Table. 3 and
Fig 13).The non identified color observed in 35
platforms could be caused from different reasons, such as, regular platform cleaning, biofilms
formation or algal growth. Another possible
factor related to no color of platform is the
platform age, which means no color development regardless of elevated Mn and Fe concentration. In some platforms identified as NI could
even be caused from simultaneous enrichment

Fig. 11. Correlation of (a) As-Fe (b) MnFe, and (c) As-Mn in surveyed TWs.
concentration below Bangladesh Standard of
100 µg/L (Fig. 6b). From statistical analysis, the
mean, median, and standard deviation are
1072 µg/L, 985 µg/L and 578 µg/L respectively.
Among these low-Mn wells (n=16, 6%), 12
tubewells match quite well with the expected
results of high Fe. Remaining four low Mn wells
observed at different depth range (Fig. 10) have
low concentration in Fe also. However, from the
analysis, it can be concluded that Mn in these
shallow tubewells also a severe drinking water
quality problem in Matlab area.

Fig. 12. Platform color distribution a) Red wells; b) Non Identified (NI) wells; c) Black wells.
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Table 3. Distribution of TWs in order to Platform color and As concentration.
Platform Color

Red
color

NI
color

Black
color

Total
TWs

Red color
(%)

NI color
(%)

Black color
(%)

Total (%)

As ≥ 50µg/L
As 10 - 50µg/L
As < 10µg/L
Total TWs

229
1
3
233

34
1
0
35

4
0
0
4

267
2
3
272

98,3
0,4
1,3
85,7

97,1
2,9
0,0
12,9

100,0
0,0
0,0
1,5

98,2
0,7
1,1

with high Fe and Mn (McArthur et al., 2011;
Biswas et al., 2012), and also for overlapping of
redox transition of Fe and Mn in aquifer
(Mukherjee et al., 2008; Nath et al., 2009; Biswas
et al., 2012). In addition to the coloration
developed from high Fe and Mn, the red color
on platform may also resultant from the precipitation of iron oxidetion from tube-wells internal
part. Similarly the black color could be the
reason of algal growth, or dirt on the TWs platform. Excessive ironoxide could also result into
black color. The accuracy of platform color as
screening tool is dependent on the proper color
indentification. Photographs of platform color
were reexamined in laboratory by an unbiased
operator for cross verification of color identifycation. The mutual agreement on platform color
was more than 74% (n=202) and disagreements
were 26% (n=70).

1000 µg/L and 2000 µg/L in 99% (n=230) and
90% (n=210) of the TWs respectively. Only two
platforms in this red category has low Fe
concentration (<1000 µg/L) (Fig. 14b).
In considering Mn in red color platforms, only
4% (n=14) wells showed concentration lower
than 400 µg/L, among which 8 are in the range
of 400-300 µg/L, 5 are in the range between 300
to 100 µg/L and only one well have less than
100 µg/L (Fig. 14c) of Mn.
From the above results, the TWs identified with
red colored platform contain elevated As and Fe,
but low in Mn. However Mn concentrations are
not as low as it was expected from hypothesis.
4.2.2. TWs with Black Colored Platform
In the evaluation of black colored platforms, all
wells contain high concentration of As

4.2.1. TWs with Red Colored Platform
In red colored platform wells, As concentration was found higher than WHO guideline
value of 10 µg/L and BDWS of 50 µg/L in 99 %
(n=230) and 98% (n=229) of the wells
respectively(Fig. 14a). Within red color platform
group, only three TWs showed As concentration
lower than 10 µg/L. In this catagory of platforms, Fe concentration was found greater than

Fig. 14. Distribution of TWs in order to Platform color and As concentration.

Fig. 13. TWs Classification of TWs according to platform color.
13

M. Annaduzzaman

TRITA LWR Degree Project 12:35

(>50 µg/L), Fe (>1000 µg/L) and Mn
(>400 µg/L). However, according to hypothesis
based on the similar kind of studies (Biswas et.
al., 2012), black colored platform wells should
have higher concentration of Mn and lower in
As (<50 µg/L) and Fe (<1000 µg/L). Since only
four TWs could be identified with black platform in this study, it is not possible to make any
concrete comment on black color platform in
relation to Mn concentration.

dissolution process, the possible scenarios of as,
Fe and Mn can be presented as below (Fig 15).
4.3.1. Arsenic
In all three categories of platform viz. red, black
and NI wells, As was found high. Elevated As in
groundwater originated from reductive desolution of iron (oxy) hydroxide results into high Fe
in water. High Fe coupled with high As and
therefore red coloration of platform is clearly
visible in the study area.

4.2.3. TWs with Non-Identified (NI) Colored

4.3.2. Manganese
Mostly all categories of platform viz. red, black
and NI wells was found with high concentration
of Mn (in red color comparatively low). Manganese availability in water could be enfluenced by
the changing condition of the subsurface environment. Manganese from water absorbed by
organic matter, clay, hydrated oxides of iron, aluminates, silica and calcite concentration. Manganese can again be available in the water caused
from the changing condition influenced by the
flow hydraulics. In this study area, a fluctuation
of 2 m in hydraulic head has been observed over
the years (Fig. 16), which is indicative of infiltration (Mehrotra & Mehrotra, 2000; Rajmohon &
Elango, 2005) of water into the aquifer system
that might cause the dissolution of absorbed Mn
into water.

Platform

Most wells (97%, n=34) among the Non-Identified (NI) colored platform (n=35) have high As
concentration exceeding 50 µg/L. Comparing
with Fe concentration, 71% (n=25) wells have
above 2000 µg/L and remaining 29% (n=10)
wells produce water with Fe concentration less
than 2000 µg/L. Among Non-Identified wells,
97% (n=33) exceeded 400 µg/L of Mn
(Fig. 14c). Hence, NI platform wells have similar
pattern of As, Mn and Fe distribution that observed in red colored platform wells.

4.3. Scenarios over Different Colored
Platform Wells
Platform coloration could be influenced by the
relative proportion of Fe and Mn. High Fe and
Mn concentration in water with respect to
guideline/standard can play different role in the
formation of Fe and Mn.
In this study, although all wells are high in Fe
and Mn concentration, but Fe concentration
range(≈ 5000 µg/L) is much higher than Mn
concentration (≈ 1000 µg/L) and thereby dominated by Fe in coloration on platform as red. In
case of As concentration through relative

As and Fe only

4.3.3. Iron
In all three categories of platform viz. red, black
and NI wells, Fe was found high. Elevated Fe in
groundwater derived from reductive desolution
of iron (oxy) hydroxide results into high Fe in
water. High Fe oxide causes the red coloration
of platform is clearly visible in the study area.

As, Fe and Mn

Concentration and Remark

As↑Fe↑Mn↑
Scenario 1

Scenario 2

As↑Fe↑

As↑Fe↑Mn↑

Fe is very high (Red)

As↑Fe↑Mn↑

Fe is not very high (Reddish)

As↑Fe↑Mn↓

Red color on Platform (Ideal)

As↓Fe↓Mn↑

Black color on Platform (Ideal)

As↓Fe↓Mn↓

No color on Platform (Ideal)

As↑Fe↓

Fig. 15. Concentration of As, Fe and Mn with probable coloration on tubewell platform.
14

Legends :
↑ (High)
↓ (Low)

Effectiveness of Tubewell Platform Color as Screening Tool for As and Mn in Drinking Water Wells

Fig. 16. Groundwater Flow and Fluctuations in the study area based on piezometer nest reading.

C D
True Negative
(0%)
n=0

≥50 µg/L

True Positive
(98%)
n=229

False Negative
(100%)
n=4

<50 µg/L

False Positive
(2%)
n=4

A B
C D
True Negative
(0%)
n=0

≥400 µg/L

<400 µg/L

Posit. (Black Stain)

A B

Positive (Red Sta in)

2)

False Positive
(1%)
n=3

1)

True Positive
(100%)
n=4

Nega. (Red Stain)

False Negative
(100%)
n=4

<10 µg/L

Mn concentration in TW water measured with ICP-OES

False Negative
(94%)
n=219

True Negative
(6%)
n=14

≥100 µg/L

<100 µg/L

Posit. (Black Stain)

Posit. (Red Stain)

True Positive
(99%)
n=230

Negat. (Black Stain)

≥10 µg/L

Negat. (Black Stain)

TWs Screening based on platform color

1)

ii

True Positive
(100%)
n=4

False Positive
(0%)
n=0

Negat. (Red Stain)

As concentration in TW water measured with ICP-OES

TWs Screening based on platform color

i

False Negative
(99.5%)
n=232

2)

False Positive
(0%)
n=0

A B
C D

A B
C D
True Negative
(0.5%)
n=1

Fig. 17. Generic approach for validation of platform color as (i) As and (ii) Mn screening tools
in shallow depth wells.
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Table 4. Assessment of the Effectiveness of TW Platform Color as a Screening Tool for As in
TWs.
WHO guideline
Indices for Validation of

Basis for

PlatformColor Tool (%)

Calculation

Bangladesh Standard

(10 µg/L)

(50 µg/L)

95% Confidence interval

95% Confidence interval

Estimated
value

Lower
limit

Upper
limit

Estimated
value

Lower
limit

Upper
limit

Sensitivity

A/(A+C)

98.3

95.4

99.4

98.3

95.4

99.5

Specificity

D/(B+D)

0

0

69.0

0

0

60.4

Efficiency

(A+D)/(A+B+C+D)

97

-

-

96.6

-

-

A/(AB)

98.7

96.0

99.7

98.3

95.4

99.4

D/(C+D)

0

0

60.4

0

0

60.4

Positive Predictive Value
(PPV)
Negetive Predictive
Value (NPV)

and positive and negative predictive values are
also calculated (Table 4).

4.4. Evaluation and Effectiveness as
Screening Tools for As

4.5. Evaluation and Effectiveness as
Screening Tool for Mn

Evaluation as a screening tool for As in tubewell
water depends on the As concentration and
platform color. Arsenic concentration within the
surveyed (n=272) wells without considering platform color, 99% (n=269) exceeded the WHO
guideline value of 10 µg/L, and 98% (n=267)
exceeded BDWS of 50 µg/L. While platform
color was considered, 99% (n=230) of red
colored platform wells (n=233) exceeds 10 µg/L
and 98% (n=229) wells exceeds 50 µg/L.
Tubewells with black color (n=4) platform is
also As rich and exceeded BDWS value. However, 97% (n=33) of tubewells for which platform is categorized as NI exceeded BDWS and
all wells under the same category (n=35) exceeded WHO guideline value.
Effectiveness of platform color as a screening
tool for As in TWs depends on high probability
of true-positive and negative values and correspondddingly on low probability of false-positive
and negative values relating to specific drinking
water standard. The effectiveness also depends
on sensitivity, specificity, efficiency and positive
and negative predictive values. For this study the
relevant true-positive and negative and falsepositive and negative values for WHO and
Bangladesh standard was calculated (Fig. 17i).
Correspondingly sensitivity, specificity, efficiency

Similar to MAs, evaluation as screening tool for
Mn in tubewell water depends on the Mn concentration and platform color. Manganes concentration within surveyed wells (n=272) without
considering platform color mostly 95% (n=257)
all exceeded formar WHO guideline value of
400 µg/L only one has below Bangladesh standard of 100 µg/L. Even as considering platform
color, 94% (n=219) within red colored wells
(n=233) exceeded 400 µg/L and almost all
(99.6%, n=232) exceeded 100 µg/L. This result
shows that red colored platform wells cannot be
used as Mn safe wells for groundwater, which is
the opposite of assumed hypothesis. On the
other hand, all the TWs with black colored platform (n=4) and 94% (n=33) from NI wells
(n=35) exceeded 400 µg/L of Mn respectively.
These result also indicated that black and NI
colored platform are not safe for Mn.
During evaluation of effectiveness of platform
color as a screening tool for Mn in TWs, similarly the probability of true-positive and negative, false-positive and negative values relating to
specific drinking water standard was calculated
(Fig. 17ii). Also the sensitivity, efficiency and
positive were calculated (Table 5).

Table 4. Assessment of the Effectiveness of TW Platform Color as a Screening Tool for As in
TWs.
Indices for Validation of Platform Color
Tool (%)

Basis for Calculation

Former WHO
guideline (400 µg/L)

Bangladesh Standard
(100 µg/L)

Sensitivity

A/(A+C)

2

2

Efficiency

(A+D)/(A+B+C+D)

7

2

Positive Predictive Value (PPV)

A/(A+B)

100

100
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Fig. 18. Graph representing the relationship of positive predictive values (PPV) with prevalence
for the TWs with As concentration of 10µg/L and 50µg/L.
Since the number of black colored platform is
very less (n=4) and also contains high ranges of
As so it can not be conclude from this study that
black colored platform wells should have less As
as mentioned by McArther et al. (2011) and
Biswas et al. (2012).

4.6. Predictive Value and Prevalence of
Screening Tool
The relation among prevalence and predictive
values also indicate the effictiveness of platform
color as screening capacity of As and Mn in
groundwater. Since the black colored wells are

Fig. 19. Map of study area in Matlab Upazila (orange- this study and blue- Gingborn & Wåhlen
(2012).
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very less in number (n=4), prevalence and
predictive values is not calculated in relation to
Mn, but done only for red colored platform to
screen As in groundwater. To perform this
analysis, Bayesian model was used at different
cutoff level to evaluate the effect of prevalence
and predicttive values (Fig. 18). The results show
that the PPV vary linearly with prevalence for
both standards (10 µg/L and 50 µg/L) due to
very low number of black colored platform TWs
(Fig. 18). Hence, the performance of the tool for
identifying As contaminated TWs in Matlab area
increases with the higher concentration of As in
tubewells and vice versa.

Concurrent

During classification of wells without considering platform color, the As concentration in 272
TWs showed that almost 99% (n=269) TWs
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4.7. Comparison
Studies

exceeds 10 µg/L and 98% n=267 for 50 µg/L.
Besides this when platform color is taken into
consicideration then for red color platform,
these values are 99% (n=232) and 98% (n=229)
for 10 µg/L and 50 µg/L correspondingly. The
PPV is almost proportional to prevalence and As
concentration is high in red stain platform wells,
so it can be said that As is highly related with red
color platform.
Previously, red color platforms were anticipated
as As rich (>10 µg/L) with 90% certainty (McArther et al., 2011) and 84% certainty (Biswas et
al., 2012) in West Bengal and for regional
standard (50 µg/L) certainty value was 38%
(Biswas et al, 2012). From the previous study
performed in Dakshin Matlab Upazila, Bangladesh, and the certainty values for As is 75.7%
and 70% for 10 µg/L and 50 µg/L respectively
(Gingborn & Wåhlen, 2012). However, from
this study which carried out in Uttar Matlab

Date

Fig. 21. Groundwater Flow and Fluctuations
based on piezometer nest reading for
Gingborn & Wåhlen (2012) study area.

Fig. 20. Groundwater Flow and Fluctuations based on piezometer nest reading for
this study area.
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Upazila, Bangladesh, certainty values are 98.7%
and 98.3% for 10 µg/L and 50 µg/L respectively. The differrence among these two studies
might be for the sediment difference among two
study area because this two study area is divided
by Dhanagoda River. Sampling time may be
another cause for this difference (Fig. 19).
Generally, during pre-monsoon time groundwater has lower concentration of Fe and Mn
than post monsoon and As is highly related to
Fe concentration. Gingborn & Wåhlen (2012)
carried out their sampling during pre-monsoon
period (April-May, 2011) and this sampling is
carried out during post-monsoon period (September and October, 2011).
During Mn concentration taken into consideration, Mn is highly depends on water flow and
depth fluctuation. In Satnal Union and surrounddding area, the water depth is not fluctuating
too much (0 to 2 m) from ground surface
(Fig. 20), which mean groundwater flow velocity
is very low. On the other hand the water depth
fluctuation is from 0 to 4 meter (Fig. 21) for
Gingborn & Wåhlen (2012)’s study area, which
indicate water flow velocity is high (seasonal
variation). However, this comparison replicates
the effectiveness of red color platform as
screening tools for As.
In this study, without considering platform color
the Mn concentration exceeds 300 µg/L in 97%
(n=265) of total surveyed wells, and only one
have bellow Bangladesh standard (100 µg/L). In
previous study carried out by Gingborn &
Wåhlen (2012) showed that only 22% (total 103
wells) exceeds 300 µg/L, and they carried out
their investigation on Matlab Dakshin Upazila,
but for Matlab Uttar Upazila this result is 97%
(n=266). According to Biswas et al. (2012) study,
in West Bengal, India, 55% (n=231) wells have
above 300 µg/L of Mn.
Since black platform TWs is very low (n=4) in
the study area and all of them have high Mn and
Fe so it cannot be conclude that Mn is highly
related with Black platform. Among this all the
black colored wells are older than 8 years (1992,
1998, 2000 and 2006) and Fe concentration is
above 1000 µg/L, hence this black color may be
the reason of long time precipitation of high iron
oxide. Gingborn & Wåhlen (2012) also got very
less number (n=1) of black wells in Dakshin
Matlab Upazila which have high As, and Fe. As a
result for Matlab Upazila, it is difficult to
approve the relation among black colored
platform and Mn concentration. Previous study
in West Bengal, India, presented that 90%

(McArther et al., 2011) and 73% (Biswas et al.,
2012) have As level bellow 10 µg/L and 96%
(McArthur et al., 2011) and 93% (Biswas et al.,
2012) for 50 µg/L of As respectively in black
platform wells. From this study it is not possible
to authorize or reject the hypothesis that black
color platform can be used as Mn screening
tools in study area. However, red color platform
(shallow depth wells) in Matlab region can be
used as a screening tool, for As, which also
proved by Gingborn & Wåhlen (2012).

5. C O NC LU S IO NS A ND
R E C OM ME ND A T IO NS
The potential of the platform color as an easy
screening tool for As and Mn in TWs largely
depends on the relation among Fe-As-Mn in the
explicit situations. This can be introduced at
policy level along with the facility of measuring
As by kits to assess the status of safe water
access and thereby to make mitigation plans.
Simplicity is the prime advantages of platform
color tools, which does not need any expertise in
the field. The villagers themselves would be able
to identify As contaminated wells to avoid
drinking water from them and also to take
community initiatives to install safe tubewells.
Further research should be carried out in the
same area as well as in other areas also to
validate the use of such screening tool. More
evaluation is needed to identify the effect of
chronic exposure to high Mn level in drinking
water along with effect of exposure to As.
Besides this, development of a scale with color
gradation would be useful for better
identification of platform color. However,
during color classification some problems may
raise, due to:


Intensity of light is a factor for color
variation. Color also varies with wet and dry
condition of platform.



Age of the platform is a great factor to
develop platform color because oxidation of
Mn and Fe and their precipitation is very
time dependent. Cleaning and maintenance
is another relevant factor.
Algae growth and dirt are also obstructions
to identify the platform color.
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Platform color formation also depends on
volume of pumped water. If more water is
pumped out there are high probabilities of
color development.



Color of the cement used for platform
construction is also a concern.

Effectiveness of TW platform color as screening tool for As and Mn in drinking water wells
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